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Abstract

The aim of comporent-oriented programming is to construct large software applications out of
sets of small comporents with low complexity, rather than building mondithic applicaions
which usually are difficult and expensive to maintain and extend. This enables rapid applicaion
development, makes maintenance eaier, and therefore dso reduces development costs.

Using third-party comporents further reduces the efforts, but it also has its shortcomings.
Developers are often confronted with the ladk of flexibility of third-party comporents to be
adapted to their needs. Companies offering comporents are confronted with the problem to
anticipate how devel opers (customers) and users might want to adapt the comporents. They have
to buld in hools that al ow to customize and extend the cmmporents.

The other way is to offer a solution that allows developers and users to dynamicdly modify
comporents withou being limited to a few hooks. However, current approaces for comporent
modification are still not satisfying or sufficient. The suppat is often only avail able at compil e-
or link-time. Current approadies that provide generic (unanticipated) suppat for dynamic
comporent modificaion are not sufficient.

Thisthesis presents a small framework which suppats dynamic comporent modificaion through
a flexible method dispatch medhanism. Method dispatch is the medhanism for delegating a
method cdl from the objed where the method has been invoked to the objed, respedively class
where the method is implemented. The framework aso provides proper base clases and
template configurations for comporents, which can help to significantly simplify development of
applicaions and their comporents. The framework is cdled PCoC which is the abbreviation for
Prioritized Coupling and Control of objeds and componrents. Many of its concepts and faaliti es
can aso be deployed independently of ead ather if necessary.

We use a refledion-based (meta-programming) approach where operations are treded as first-
classobjeds. So-cdled Dispatchers, similar to the Microsoft .NET delegates (type-safe method
pointers), are resporsible for dynamic method dispatch. The approadc enables to add, remove, or
replaceoperations at runtime, and to attadh li steners to method objeds, which are natified before
or after ead cdl. It smulates delegation—a dispatch medianism in which an objed (the
recaver) delegates a message to ancther objed (the method holder and delegate) in resporse to a
message. The delegate caries out the request on behalf of the original objed, and may send
subsequent messages to the original recever. Thisincludes the invocaion o methodks.

A priority ranking of comporents determines in which order requests for operations are
forwarded, which gives the framework its name PCoC. This ranking can change through user
interadion (focus change in the GUI), or explicitly.

There are implementations of PCoC in C++ and Java. These are parts of two integrated
development environments (IDEs) avail able on various platforms, including Sun Solaris, Linux,
and the Microsoft Windons NT line.



Kurzfassung

Das Ziel von Komponrenten-orientierter Programmierung ist es, grosse Anwendurgen aus einer
Menge von kleinen Komporenten mit niedriger Komplexitdt zusammenzustellen, anstatt
mondit hische Anwendurgen zu bauen, die schwierig und teuer zu warten und erweitern sind.
Dieser Ansatz unterstiitzt eine schnelle Entwicklung von Anwendurgsprogrammen und deren
Wartung, undsenkt damit auch Entwicklungskosten.

Die Verwendurg von Komporenten von Drittanbietern reduziert den Aufwand nochmals, aber
hat auch Schattenseiten. Entwickler sind oft mit einem Mangel an Flexibilité von solchen
Komponrenten konfrontiert, welche sich oft nicht an Ihre speziellen Bedirfnisse anpassen lasen.
Firmen, die Komporenten anbieten, sind ihrerseits oft mit dem Problem konfrontiert,
herausfinden und vorausshen zu missen, wie (kinftige) Benutzer der Komporenten diese
erweitern undanpassen wollen.

Ein anderer Ansatz ist eine allgemeine Losung, die es Entwicklern und Benutzern erlaubt,
Komporenten dynamisch zu verandern, ohne auf wenige vorgesehene Call badk-Funktionen und
Konfigurationsmogli chkeiten beschrankt zu sein. Jedoch sind aktuelle Ansétze fur dynamische
Komporentenmodifikation immer noch nicht sehr befriedigend und ausgereift. Modifikationen
sind meistens nur zur Compile- oder Linkzeit moglich. Aktuelle Ansétze fir eine algemeine
Unterstitzung fir dynamische Komporentenmodifikation sind nach nicht zufrieden stell end.

Diese Arbeit présentiert ein kleines Framework, das dynamische Komporentenmodifikation
durch enen flexiblen Vertellungsmedanismus fir Methodenaufrufe redisiert. Dieser
Medhanismus delegiert dynamische Methodenaufrufe von den Objekten, wo Operationen
aufgerufen werden, zu den Objekten, wo die entsprechenden Methoden implementiert sind. Das
Framework bietet auch geagnete Basisklassen und Konfigurationsvorlagen fur Komponrenten,
die die Entwicklung von Anwendurgen und deren Komponrenten um vieles vereinfachen konnen.
Die Bezeichnurg des Frameworks ist PCoC, als Abkurzung fir Prioritized Coupling and Control
of objeds and comporents.

Wir verwenden einen Refledion-basierten Ansatz, bel dem Operationen as First-ClassObjekte
behandelt werden. Sogenannte Dispatcher, dhnlich der Microsoft .NET Delegates (typsichere
Methodenzeiger), sind fur die Vertellung von dynamischen Methodenaufrufen zustéandig. Der
Ansatz ermoglicht das Hinzufiigen, Entfernen, und Ersetzen von Operationen zur Laufzeit, und
das Anmelden von Listener-Objekten, die vor und nach jedem Aufruf oder Statusdnderung der
jeweiligen Operation benadirichtigt werden. Der Ansatz simuliert Delegation—ein
Vertellungsmedanismus fir Methodenaufrufe, bei dem ein Objekt (der Empfanger eines
Aufrufes) Aufrufe zu einem oder mehreren anderen Objekten (wo die Methode implementiert
ist—der “Delegate” eines Aufrufes) weiterleitet. Ein Delegate fuhrt die entsprechende Operation
aus und kann selbst weitere Operationen am urspriinglichen Empféngerobjekt aufrufen, welche
dann maogli cherwei se wiederum weitergel eitet werden.

Eine Reihung von Komporenten nach Prioritét bestimmt in welcher Reihenfolge die Aufrufe von
Operationen zu welchen Komporenten weitergeleitet werden, was dem Framework seinen
Namen PCoC gibt. Diese Rethung kann enerseits durch Benutzinteraktion geéndert werden
(Fokus-Anderung in der Benutzerschnittstell e, behandelt durch das Framework), oder explizit im
Client-Code.

Es gibt Implementierungen von PCoC in C++ and Java. Sie sind Teile von zwe integrierten
Entwicklungsumgebungen (IDEs) auf Sun Solaris, Linux, und ar Microsoft Windonvs NT-Linie.
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1 Introdu ction

1.1 Motivation and Goals

In order to simplify the development of large applicaions, they can be constructed out of small
comporents with low complexity. The asembly of applicaions from existing comporents
shoud increase reuse, thus alowing developers to concentrate on value-added tasks and to
produce software with high quality within a shorter time.

In the literature, the term software comporent is diversely defined. The nation of the term as
found in [SZYPE98] on Page 34, is in line with this thesis. The book provides a detail ed
discusson abou what a comporent is and what is not. Other definitions of the term and
comments on the definitions can be found onPages 164-168.

“A software comporent isaunit of compasition with contracuall y spedfied
interfaces and expli cit context dependencies only. A software comporent can be
deployed independently and is subjed to composition by third parties’.

With this definition we find a comment that a software comporent must be a binary unit. We
agree with this nation, but we use the term also for sets of clasqes) together with a proper
configuration (how a comporent or appli caion is customized) from which a software comporent
isbuilt.

Comporent oriented programming promises the flexibility to adapt ready-made comporents to
the user's neals. Comporent modificaion includes the replacement of comporents and
operations by others that are better suited for spedfic tasks. It aso includes the customization of
thelook & fed and aher properties of comporents and whale goplications.

When devel oping comporents, we often encourter one or more of the foll owing requirements:
v the adility to add, remove, and replacedata sources and targets at runtime
v the adility to add, remove, and modify functiondlity at runtime

v multiple reuse of comporents as instances in different applicaions or within the same
applicaion

v priority management, for example for interadive comporents and their operations
v single, broadcast, andfiltered dspatch of operation requests
v deferred exeaution o operations

v applicaion control via menus, todbars, scripting, and remote requests—preferably withou
the neal to implement separate dispatch functions for ead operation and their different
deployments

The ned for the ability to dynamicdly add and remove data sources and targets is given in
amost every interadive applicaion. Think of a file-browser as source comporent, in which we
interadively seled a particular file. We might need to dynamicdly associate a spedfic target
comporent with the seleded fil e, depending on itsfil e type. The target comporent may be a part
of a newly installed application, and shoud be loaded when we doulde-click the file in the file-
browser.

It is sometimes necessary to extend the associated target componrent by additional functionality.
For example, we might want to extend a word-processor componrent by functionaity to caculate
particular statistics or to do additional highlighting of speaal phrases of a text document, which
is not suppated by the origina componrent. In the case of third-party comporents, we usually do
not have the source code which we could modify, so we need a medanism that enables us to
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modify comporents dynamicdly. The ability to extend and modify a comporent is cdled
dynamic componrent modifi cation, or dynamic comporent adagation.

In order to get asingle look and fed for applications, and to save development time and costs, we
shoud be aleto reuse omporentsin dfferent applicaions or within the same gplicaion.

In certain cases it is required to switch between several implementations of an operation, classor
whae comporent, and to introduce a ranking for the different implementations. For example,
when applying visua effeds on an image, or filtersin atext-seach dialog, then it isrelevant in
which order the dfedsor filters are gplied. If the dfeds andfilters are redized as clases with a
methodapply , we nead assemblies, or more predsely ordered coll edions, where their instances
can be put into. The ranking within such an assembly could determine in which order the effeds,
respedively filters, are applied. The user could interadively change the ranking, as well as the
developer could changeit in source @de.

Speda method dispatch strategies are needed for certain use cases. To invoke single methods is
the most common case, but also broadcasts (multicasts) are nealed, for example, for shutting
down al services and saving al documents when an application is going to be terminated. In
some cases, multi cast messages shoud be sent only to certain comporents. We cdl this dispatch
mode filtered broadcast.

It is necessry that time-consuming tasks are exeauted asynchronowsly, usualy in a separate
thread. This concept, cdled deferred exeation or late invocation, helps to prevent that the
correspondng application, respedively its current threal, is blocked, as it would be the case if
the task was exeauted synchronotsly.

Most applicaions have a user interface a scripting interface and maybe an interfaceto control
them remotely, for example via Web-browsers. Usudly, for ead interface and required
operation, proper dispatch functions or hooks (cdlbadk methods) must be implemented. In
addition to that, the same operations may be invoked from various places in the source code. To
simplify development, it is reasonable to introduce a uniform method dispatch mechanism for
handing all of these interfaces, and which is easy to adapt to new interfaces. The componrent
developer can then concentrate on implementing the core functionality (the purpose) rather than
having also to handle dl kinds of interfaces over which the comporent functionality is expased.

In addition to the already mentioned requirements, some applicaions have to be portable to
various platforms. An architedure is required that is able to cope with small as well as huge
applicaions, providing essy concepts and usage. In order to be able to find defeds in the
software, a fadlity to insped objeds and classes at runtime can be helpful. Such a fadlity to
display information abou objeds is cdled introspedion and is based onrefledion. Refledionis
the ability to obtain information abou the fields, constructors and methods of any class or
comporent. See Devdoping JAVA Beans [ENGLA97] on Pages 40-42 for a short introduction
into Javarefledion.

In short, we need a flexible, scdable, and easy to use approach for dynamic comporent
modificaionwith suppat for introspedion.

In [KNIES99] on Pages 1f, Kniesel G. classfies known approaches of dynamic comporent
modificaion acording to:

v their need for preexisting hooks in the applicaion as either suitable for anticipated or
unarticipated changes

v the time when amodificaionis made & ether static, load-time or dynamic (runtime)

v their ability to adapt whole componrent types or individual comporent instances as either
globd or sdledive Seledive approaches can be further classfied as either replacing or
preserving, depending on whether they replace an existing comporent instance by its
modified version a let both be used simultaneously.
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v the applied tedhniques as either code-modification-based, wrapper-based or meta-levd-
based.

The nedal of unanticipated dynamic componrent modificaion has been repeaedly pointed out in
literature (e.g. [MAETZ97)).

When developing a comporent, we may not always know which hooks might be neeled in the
future by users of the componrent. We canna always anticipate which enhancements users might
want to make, and we usually do nd want to make the source ®de avail able.

Global approadies affed classes, whereas seledive approadhes affed objeds. A modificaion of
a classhas an impad on al its instances, whereas a modificaion of an objed has only a locd
impad.

By introducing wrappers for comporents, the interfaces and functionality can be adapted to the
client’s neals withou changing the original comporents. A wrapper ads as proxy (a surrogate or
placéndder) of its associated comporent, and may load it on demand. If the comporent canna
be loaded, the wrapper can throw an error.

A more detailed dscusgon d thisclasgficaionisgivenin Sedion2.2.5

Our god is an approac that offers suppat for dynamic comporent modificaion and which
meds the requirements mentioned ealier in this edion.

1.2 A Flexible Method Dispatch Mechanism

With resped to the classficaion above, we introduce a flexible method dispatch mecdhanism that
offers suppat for dynamic, seledive, wrapper-based comporent modificaion. This approach is
objed-preserving when applied at instance-level (a generic comporent-instance wrapper handes
dynamic operations; such an operation is represented as objed with a reference to the wrapper).
When integrated at classlevel (wrappers for classs rather than instances; operations do not have
a reference to a wrapper), it is globa and meta-level-based. The flexible method dispatch is
based on refledion, more predsely on dynamic method cdls. No proprietary compiler and
preprocessng of source @deis necessary.

The approacdh enables to add, remove, or replaceoperations (method objeds) at runtime, and to
attach listeners to operations, which are natified before or after ead cdl. We cdl these
operations Activities. An Activity can ether be diredly added to a so-cdled Activity Set, or
acquired from ancther. In our approach, ead comporent is asociated with an Activity Set.
Acquisition denotes a delegation medhanism. That is, when an Activity Set (the child) aauires
from ancther (the parent), and an operation is cdled on the child, and the child does not provide
the operation, the cdl is delegated to the parent. A referenceto the recever (where the operation
has been invoked) is pased with ead operation, so that the parent can invoke subsequent
operations onthe origina recaver (the cild).

The difference to what we understand as delegation is that our approad uses sets of dynamic
operations (Activity Sets) rather than oljeds. However, the dispatch algorithm is the same.

As oppased to classinheritance which is used to share behavior between classs, delegation (and
aqquisition) is used to share behavior between objeds. The delegation concept is described in
detail in Sedion2.2.4

Activities are treaed as first-classobjeds. So-cdled Dispatchers, similar to the Microsoft .NET
delegates (type-safe method-painters), are resporsible for dynamic method dispatch, or more
predsely for delegating operation requests. The main difference to delegates is that Dispatchers
can be used for delegation, whereas delegates can only be used for forwarding. With forwarding,
the objed where a method originally has been invoked (the recever) is not known to the method
holder (where the methodis adually exeauted), and therefore the method holder canna use it for
subsequent methodcdls.
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Dispatchers are automaticdly generated when an Activity is added to a comporent, respedively
to its aswociated Activity Set, or aqquired from another. Their type safety is ensured at runtime,
whereas the type safety of .NET delegatesis ensured at compil etime.,

Activities can be extended by aspeds at runtime. Aspeds are well-moduarized reusable cross
cutting concerns in software: Code fragments can sometimes be separated into their main
functionality and several aspeds. Such an asped applies to a set of code fragments, and thusis a
means of reusability. Examples are plausibility chedks for method arguments and return values.
They also include tradng capabiliti es, additiona data-types for algorithms, etc.

“Asped oriented programming does for concerns that are naturally crosscutting what
objed-oriented programming does for concerns that are naturally hierarchicd.” -
[KICZALOQ], Page 1.

1.3 The PCoC Framework

We present asmall framework that suppats the flexible method dispatch mecdhanism, and meds
the requirements discussed ealier in this chapter. The framework aso provides proper base
clases and template configurations for comporents, which can help to significantly simplify
development of applicaions and their comporents. The method dispatch medianism including
its suppat for different comporent interfaces is encgpsulated in the base classs, as well as the
processng of comporent startup, initialization, and termination. This approach allows
developers to concentrate on value-added tasks such as implementing the core functionality (the
purpose) of ead comporent.

The framework is cdled PCoC as abbreviation for Prioritized Coupling and Control of objeds
and comporents. The name denotes the suppat for prioritized dynamic inheritance (aayuisition),
and the already mentioned generic, flexible method dispatch medhanism used for comporent
interoperation (cougding) and applicaion control. A priority ranking of acquired comporents
determines in which order requests for operations are delegated. This ranking can change through
user interadion (focus change in the GUI), or explicitly.

All operations of al comporents are automaticaly exposed in a generic way for their use in the
GUI (menu bars, tod bars, etc.), for scripting, for comporent interoperation, and for remote
control viaXMLRPC (XML-based remote procedure cdls), etc.

Many of the concepts and fadliti es of PCoC can be deployed independently of ead other if
necessry. There are implementations of the framework in C++ and Java. These are parts of two
integrated development environments (IDES) that have been relessed on various platforms,
including Sun Solaris, Linux, and the Microsoft Windons NT line.

The Javaversionis used as abasis for thisthesis.

Some concepts and source code in this thesis are intelledua property of WindRiver Systems,
Inc., and must not be used exadly as presented here withou explicit permisgon of the author or
WindRiver Systems. However, they may help to find similar solutions. WindRiver Systems has
contracdually granted all rights to use and present the concepts that are described in this thesis to
the author.

1.4 Deployment of PCoC

PCoC is made for all kinds of applicaions that require extensive user interadion or scripting.
The goal is to provide a comfortable framework that reduces the implementation overheal for
comporent interoperation and controlling by separating the comporent assembly from source
code, providing built-in priority management of componrents, and a medianism for dynamicaly
dispatching method cdl s based onthis priority management.
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Priority management means that comporents are ranked by time of last usage. The most recently
used comporent gets the highest priority. When sending a message to agroup of comporents, the
message is sent to the first comporent in the ranking that is interested in this message and which
subsequently performs an operation asociated with the message.

PCoC is naot a competing comporent standard to CORBA, COM, .NET, JavaBeans, etc. Rather,
it works together with, a ontop d, these standards.

It is also not a reasonable basis for applicaions withou a graphicd user interface for
applicaions providing only one interadive comporent, or generally for limited-functionality
applicaions. Althowgh the framework would be a too big an overheal for such small
applicaions, it may nevertheless be used to quickly aciieve a running and extendable
applicaion.

When developing smaller applicaions, in most cases standard operations (methods, functions)
and comporent interfaces would be sufficient. When developing larger applications (over 20
comporents), developers often miss mechanisms for organizing al the comporents of an
applicaionand their operations.

PCoC addresses this isaue by providing medanisms for dynamic method dispatch over diff erent
comporents, organizing comporents in alogicd containment relationship, prioritizing them and
their operations, automaticdly expasing operations via an applicaion plugin interface and
defining exeaution relevant states per operation, e.g. “Enabled”, “Disabled”.

Compaosition and couding (conreding for interoperation) of comporents is configurable,
maximizing reuse. To kee the customization effort low, the visual representation of different
operations of the same kind, for example, operation copy provided by many comporents, can be
defined in a uniform way. A definition in the configuration can be shared by any operations. It
can include text strings for menu and toadl bar entries, the help string in a status line, an icon, and
also aswociated keyboard shortcuts. The whale configuration of an applicaion can be modified
and reloaded at runtime.

Concepts presented in this thesis nead not be used as a mondit hic padkage. Some of the concepts
and petterns are versatil e, meding requirements also in fields other than IDE devel opment.

1.5 Keywords

Dynamic Cougding, Comporent Interoperation, Dynamic Comporent Modificaion, Dynamic
Comporent Adaption, Menu and Todbar Setup, Scripting, Applicaion Control, (Priority, Focus)
Management, Activity, Delegate, (Method, Request, Message) Dispatching, Dynamic
Inheritance, Acquisition, Delegation, Very Late Binding, Meta-Programming, Refledion, Code
Reuse, Objed-Oriented, Comporent-Oriented, Appli cation Framework, IDE, Todls, Services.

1.6 Conventions
The foll owing typefaces are used in this thesis:
For source mde, mono-space(Courier New)
v Example: getX
To emphasize aword or text, or to introduce terminology, italics
v Example: An applicaion may consist of comporents cdled Tools and Service Providers.
Types begin with a caital |etter, operation names with alower case letter.
v Examples: Point , getX
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Classes of the PCoC framework have the prefix “PCC’. This prefix is sometimes omitted for
simplicity in dagrams, figures, and text sedions where the mntext is sif-explanatory.

v Example: PCCDispatcher

1.7 Defining Roles
We distinguish the following roles for developersin this thesis:

1. Framework developer: Resporsible for the concepts and the architedure behind an
applicaion.

2. Comporent developer: Develops comporents withou nealing to know much about the
architedure and how messages are sent between comporents to perform operations. There
is aso not much neeal to know about customizing the representation of operations in the
application's menu or todbars. The comporent developer concentrates on developing the
functional part of a cmporent.

3. Customizer / Configurator. Asembles comporents to an applicaion in a reasonable
manner and configures, for example, menus and tod bars.
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2 Method Dispatch and Delegation

2.1 Overview

This chapter gives a short overview of the Smaltalk, C++/Java, and Oberon method dispatch
medanisms, and some thoughts that lead to the development of new concepts such as aflexible
method dspatch medhanism.

We propacse a solution to make inheritance rel ationships and scopes more flexible. The approach
is useful for dynamicdly adding operations to objeds or for dynamicdly changing inheritance
relationships such as repladng parent classes, respedive parent objeds.

The concepts introduced in this sedion are the basis for the PCoC framework described later in
thisthesis.

2.2 State of the Art

Two well-known method dispatch fadlities are the Smalltalk method dictionaries and the
C++/Java virtual tables. Method dispatch is a medhanism to forward method cdls to the classes
where the methods adually are implemented. It comprises two basic steps. the methodlook-upin
a method dictionary or v-table, and the exeaution in the correspondng class The process of
finding the classwhere a method is implemented, and the subsequent invocaion on this classis
similar to delegation. Seelater in this sdion.

The Smalltalk method dictionaries are dictionaries (key/value maps) containing references to
methods of a class Eadh class has one such method dictionary. When invoking a method,
respedive when sending a message to invoke it, the correspondng method is searched by name
in the classhierarchy of the correspondng objed. This method dispatch is dore by a comporent
cdled message hander, respedively dispatcher. This medhanism is very flexible, since all
methodinvocaionis done using messages, and methods are dispatched by name; methods can be
atered, added or removed at runtime. This flexibility hasits price this medhanism is slower than
v-tables (seelater in this dion).

As optimization, Smalltalk holds a cade of recently sent messages; acording to [KRASN84],
an appropriate method cade can have hit ratios as high as 95%, reduce method lookuptime by a
fador of 9, andincrease overal method system speed by 37%.

The Smalltalk method dspatch medhanism is described in detail in Sedion2.2.1

More efficient than the Smalltalk method dispatch using method dictionaries are v-tables (virtual
method tables)—arrays where the method pointers of a classand its base classes are stored, and
the indexes of the method painters are caculated at compil e time. Method lookupin C++ works
withou any kind of engine or dispatcher. A methodcdl isjust acdl to the method pointer at the
correspondng index in the v-table. The compiler generates code to exeaute the method. No
further look-up hesto be dore. This mecdhanism isfast, bu naot very flexible.

“Adding or removing a C++ methodrequires recompil ation d potentially many v-
tablesto preserve their parall e structure. And athough we know that polymorphic
client code does nat need to be rewritten, it must still be recompil ed to acourt for
new off sets to the paintersin the tables. This recompil ation owerhead discourages
exploratory programming. On the other hand, C++ cooperates readily with foreign
languages, while Smalltalk’ s runtime engine getsin the way of cdling into or out of
the Smalltalk image.” - [LIU96], Pages 183f (Sedion 16.3.

A detailed description o v-tablesisgivenin Sedion2.2.2
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The method dispatch faaliti es have one thing in common—delegation. Delegation is a dispatch
mechanism originaly introduced by Henry Lieberman in [LIEBER86]. As oppced to
forwarding, with delegation a method can always refer to the objed where the method has
originally been invoked, regardless of the number of indiredions due to objed composition or
classinheritance Delegation is relevant for method cdls in objed-oriented languages, but aso
for comporent interoperation. This mechanism is explained by means of virtua methodcdlsin
Sedion2.2.4

Methods are not the only way to handle messages. The Oberon system (Oberon is a descendant
of the programming language Modua-2, which itself foll owed Pascd) suppats, besides ordinary
methods, so-cdled message objeds. Message objeds are data padages. They are subjed to be
passed to so-cdled method interpreters (speda methods) for processng. A method interpreter
may implement functionality for certain message types; it may also ignore message objeds of
some types, or forward message objeds to ather message interpreters.

Objed-oriented programming with message objeds is similar to the way how Smalltalk
dispatches method cdls; the main difference is that in Smalltalk the dispatcher is integrated in
the system, and in Oberon the message interpreter must be implemented per objea by the
developer. Smalltalk holds method references in method dictionaries; this can be implemented
for eath message interpreter in Oberon. Results are stored in the message objed passed to a
method. An overview of Oberon message objeds is given in Sedion 2.2.3 H. Mésenbéck
describes the Oberon message objeds in more detail in [MOSS5|, on Pages 127f (German
edition: [MOSg)).

2.2.1 Smalltalk Method Dispatch

Each Smalltalk classhas a dictionary (key/value-map) that contains references to the methods of
the class When amethodis invoked, it is first searched in the dictionary of the objed’s class If
it isnot foundthere, it is sached in the base dasses urtil it i sfound.

To illustrate how the Smalltalk method dispatch works in detail, let us take a look at the
following example.

object p class MyPoi nt ) class Chje ct
<<derived from>:
- MyPoint <<instance of>: MyPoint - Obj ect <<derived from>>
nil
/7
<<ref to superclass>>
X:int
y:int
<<dispatch>> \ <<dispatch>>

int equaJs(Object)\

int getX() int equals(Object)

method setX(int)
dictionary

int getY() . <<dispatch>> method
setY(int) dictionary

m
int equals() executable methods
method code

executable methods

Figure 2.2-1 Method dspatch asin Smalltalk

ﬂ’,

In the given example we see objed p, its class MyPoint , and the base class (superclasg of
MyPoint , Object . MyPoint definesthe methods equals , getX , setX , getY , and setY ,
i.e. its method dictionary contains references to these methods. Object  defines, for example,
the methods hashCode andequals .
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In Smalltalk, methodinvocation comprises the foll owing steps:

1. Get the dassobjed
(MyPoint ) of the objed (p) where the method (getX ) was invoked

2. Get the method dctionary
The entriesin this key/value map are painters, respedively references, to methods.

Look upthe methodin the method dctionary of the aurrent class
If found,invoke the method code (getX ) and go to step 7

If not foundthen continue with the base dass(Object ) at step 2
If thereis no bese dass then throw an error and go to step 7

2L

7. Done

In our example, the classobjed is MyPoint . When cdling setX , the methodis seached and
founddiredly in the classof p, MyPoint (light grey path in Figure 2.2-1). In the case of method
hashCode , no method reference can be foundin classMyPoint , so the seach is continued in
the base class Object . Finally, hashCode is found and exeauted there (dark grey path in
Figure 2.2-1).

2.2.2 VV-Tables

V-tables (virtual method tables) are arrays holding method pointers of a class and its base
classes. Each method corresponds to an index in av-table. The indexes are caculated at compile
time. When a method is invoked on an objed, the method pointer at the correspondng index in
the v-table of the objed’s classis retrieved and the methodfinally exeauted.

Let ustake alook at the foll owing example to ill ustrate how v-table method dspatch works.

object p class MyPoin t
p: MyPoint <<instance o>4 \yPoint Object <<derived from>>

d <d nil
. / . . /7
<<pointer to base class>> <<pointer to base class>>
X:int
\<<dspach>> \ <<dispatch>>

) class Objec t
<<derived from>>

y:int

1| int equals(Object)\ int equals(Object)| | v-table
2.n1 N
n int getX() <<dispatch>>
v-table
1 setX(int)

n+2 int getY()

3 setY(int)

executable methods

Figure 2.2-2 V-tables

Figure 2.2-2 shows an objed p and its class MyPoint and the base class Object including
their v-tables. Note that the indexes of method pointers for the v-tables are cdculated by the
compil er.
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A v-table always starts with the v-table-entries of the base clasqes), but contains aso the
pointers to the methods of the adual class The indexes of the method panters of base dasss are
aways the same as in the base clases. For example, in Figure 2.2-2 the pointer to method
hashCode may get the index O (cdculated by the compiler) in the v-table of Object , so
hashCode has aso index O in the v-tables of all classes derived from Object . So, in Figure
2.2-2 the v-table of MyPoint starts with the method pointer to hashCode . After the Object
method poanters we find the pointers to the methods of MyPoint , e.g. getX , etc.

An equivalent implementation d MyPoint in Java can be foundin Program 2.2-5.
The methodinvocation wsing v-tables comprises the foll owing steps:

1. Get the dassobjed
(MyPoint ) of the objed (p) where the method (getX ) has been invoked

2. Get the v-table
The vaue entriesin this array are pointers to methods.

3. Get the method pointer at the index represented by method getX . The index was arealy
cdculated at compile-time, so you are adually not cdling method getX , but method 3
(asuming a dass $ructure asin Figure 2.2-2)

4. Invoke the correspondng method,with oljed p asimplicit parameter (“this’).
5. Dore

Basicdly, method look-up reduces to retrieving the method painter at the index for the invoked
methodin the v-table of the current class This medhanism is fast, but nat very flexible; since v-
tables are creaed at compil e-time, there is no way to add or remove methods at runtime. Even if
v-table information could be changed at runtime, it would carry some difficulties; if we added or
removed a method in a base class it would be necessary to reorganize the v-table indexes of all
derived classes. This would be very time-consuming. With multiple base classes, this is even
more difficult—the index of a method must be the same in eat base class derived class and the
current classproviding the method.

Besides in objed-oriented languages as Java or C++, the v-table concept is aso used, for
example, in the Microsoft comporent standard COM and its derivatives (DCOM, etc.). Clemens
Szyperski has areview of these mmponrent standards in [SZY PE98] on Pages 194ff.

2.2.3 Message Objects

Oberon provides, besides ordinary method dispatch via v-tables, the concept of message objeds
and interpreters. Message objeds are data padkages that can be sent to message interpreters
(message handlers) in order to be processed. As method of an objed, a message interpreter may
implement functionality for some message types; it may also ignore messages or forward them to
other interpreters.

This concept neads one or many message interpreters resporsible for handing incoming message
objeds. The message handler analyzes the dynamic type of a message and performs a spedafic
operation acardingly.

Let ustake alook at some sample @de. First, we define some message types.

Program 2.2-1 Message Types

TYPE
Message = RECORD END; (* empty message, base type for all messages *)
SetXMessage = RECORD (Message) x: INTEGER END; (* a concrete message *)
GetXMessage = RECORD (Message) x: INTEGER END; (* a concrete message *)
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As base class of our messages, we define the type Message. Concrete types are
SetXMessage and GetXMessage . Both dedare amember variable x.

To send amessage to an ojed, we write:

\Program 2.2-2 Sending messages

VAR

setXMsg: SetXMessage;
getXMsg: GetXMessage;
result: INTEGER,;

setMsg.x := 10;
obj.Handle(setMsg);
obj.Handle(getMsg);
result := obj.x;

We crede instances of types SetXMessage and GetXMessage . Furthermore, we initialize x,
and pass the message objed setXMsg instance to the message interpreter Handle of objed
obj (it can be any objed of any type). Then we passthe message objed getXMsg to Handle .
Finally, we assgn the result of the processed getXMsg to result

\Program 2.2-3 Interpreting (handing) messages ‘

PROCEDURE (VAR m: Message) Handle;
BEGIN
WITH
m: SetXMessage DO
... (* do something *)
|m: GetXMessage DO
... (* do something else *)
|m: ... (* handle another message *)
ELSE
(* ignore other messages *)
END
END Handle;

Program 2.2-3 is asimple dispatch code in Oberon. Each message type has a meaning; it usually
stands for an operation. However, the adua behavior (the code that is to be exeauted) is
determined by the dispatch code. The content of a message objed is data needed to processthe
message; in our case the SetXMessage caries a value to set the x-position of a point-objed,
for example, to move agraphicd objed to that position.

In some cases it may make sense to forward messages to other objeds, for example to a child
objed of a graphicd composite-objed. Asauming that objed obj of Program 2.2-2 is such a
compaosite objed containing two redangles, we can add the following statement to the
SetXMessage sedion d the WITH-DO-clause of Program 2.2-3:

Program 2.2-4 Sending messages |

PROCEDURE (VAR m: Message) Handle;
BEGIN
WITH
m: SetXMessage DO
childRect.Handle(m);
childRect2.Handle(m);
|m: GetXMessage DO
... (* do something else *)
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where childRect  and childRect2  aso must implement the method Handle in order to
hande message SetXMessage .

This is a powerful way to forward messages, including the posshility to forward them through
objedswhich do na implement all methods associated with the given messages.

Message objeds have some advantages over methods ((MOS28)):
v Messages are data padkages; they can be stored and forwarded later on.

v A message objed can be pased to a method that forwards it to different objeds. This
allows broadcasts, which are not or difficult to redize with methods.

v It is sometimes easier if the sender does not have to cae abou whether a recever
understands a message (implements a arrespondng method) or nat.

v It is also posshle to accessthe message interpreter (handler) through a procedure variable,
which enables us to replaceit by ancther at runtime.

Message objeds also have disadvantages:

v The interfaceof a classdoes nat refled which messages can be handled by instances of the
class It is difficult to redize at compile time which objeds are related through message
forwarding at runtime.

v Messages are interpreted and forwarded at runtime, which is much slower than dired
method cdls. It depends on how fast dynamic type information is evaluated, or in the case
of handing messages using their names, how fast strings are parsed.

v Sending message objeds requires more code to be written. Arguments must be padked into
the message objed. A regular interfacesuch as for methodsis not avail able.

v Invalid messages are not recognized at compil e time. Although this provides the flexibility
to forward messages through objeds that canna hande them themselves, it can be
troudesometo find errors.

Generally one shoud use methods rather than message objeds. However, in some cases it is
useful to use message objeds (see avantages).

2.2.4 Delegation

Delegation is a dispatch medanism to share behavior between objeds. An objed (the recever)
delegates a message to ancther objed (the method holder and delegate) in resporse to a message.
The delegate caries out the request on behalf of the original objed, and may send subsequent
messages to the origina recever. This includes the invocaion of methods. Using delegation, a
method can always refer to the objed on which it has originally been invoked, regardiessof the
number of indiredions due to ojed composition a classinheritance

Basicdly, there are two types of methods: virtual and nonvirtual methods. Virtual methods are
dynamicdly boundmethods. In a virtua method invocaion, the runtime type of the instance for
which the invocaion takes placedetermines the adua method implementation to invoke. In a
nonvirtual method (staticdly boundmethod) invocation, the compil e-time type of the instanceis
the determining fador. The implementation of a nonvirtua method is invariant: The
implementation is the same whether the methodis invoked on an instance of the classin which it
is dedared or an instance of a derived class In contrast, the implementation of a virtual method
can be superseded by derived classes. The process of superseding the implementation of an
inherited virtual methodis known as overriding the method.

Messages are commonly used to send information from one objed or comporent to anather, for
example to exeaute a method on an objed. Basicdly, there are two ways to send messages.
forwarding and d=legation. The foll owing picture ill ustrates the diff erence between these two.



2.2 State of the Art 13

this

message sender message receiver delegation method holder
(the caller of amethod)  (the receiver of a method call) (where the method
is implemented and
finally executed)
this

message sender message receiver forwarding method holder
(the caller of amethod)  (the receiver of a method call) (where the method
is implemented and
finally executed)

Figure 2.2-3Delegation versus Forwarding

Therecaver of amessage, or more predsely the objea where amethodis invoked, may delegate
the method cdl to a base class if its own classcanna hande it. The classthat implements the
method, i.e. the dasswhere the methodis finaly exeauted, is cdl ed method hadder. In contrast to
simple forwarding, with delegation, messages to “this’ or “self” are sent to the original message
recaver. Note that many sources confuse delegation with forwarding. For instance .NET
delegates simply forward method cdls, athough the name may imply another meaning. Some
sources describe delegation as message dispatch concept for prototypes (cloning instead of
deriving from classes) only. We think, this concept is similar to the method lookupalgorithmsin
classrelationships (Smalltalk method dspatch, v-tables).

Let ustake alook at the invocaion d ordinary virtual methods.

invoking methods of MyPoint3D instances

| | [ J | I

classes: V V V V
MyPoint3D int equals(Object) V V V V int getZ() setZ(int) set(int, int, int)

this MyPoint V int equals(Object) | | int getX() setX(int) int getY() setY(int) 4
Object int hashCode() int equals(Object) |

Figure 2.2-4 Virtual methodcalls

In our example (Figure 2.2-4), we find three clases. MyPoint3D (top row), its base class
MyPoint (midde), and the base classObject (bottom). Ead instance of class MyPoint3D
combines all threeclasses to a unit. In the scope of these classes, the implicit parameter “this”
(C++, Java) or “self” (Smalltalk) refers to the current instance (the objed where a method has
been invoked).
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\ Program 2.2-5 ClassMyPoint

public class MyPoint extends Object {
private int x;
private inty;

public MyPoint() {x =0;y =0;}
public int equals(Object obj) {
if (obj != null && obj instanceof MyPoint) {
MyPoint p2 = (MyPoint)obj;
if (getX() != p2.getX() || getY() != p2.getY()) { return -1; }

return super.equals(obj);

}

public int getX() { return x; }

public void setX(int x) { this.x = x; }

public int getY() { returny; }

public void setY(int y) { this.y =y; }
}

We use Program 2.2-5 as implementation of MyPoint ; MyPoint3D adds the methods getZ
andsetZ , and owerrides the virtual methodequals .

\Program 2.2-6 Using MyPoint ‘

MyPoint p = new MyPoint();
int val = p.getX();
int hc = p.hashCode();

In the example &owve, we cdl various methods of a MyPoint instance

‘ Program 2.2-7 ClassMyPoint3D

public class MyPoint3D extends MyPoint {
private int z;
public MyPoint() { z=0; }
public int equals(Object obj) {
if (obj != null && obj instanceof MyPoint3D) {
MyPoint3D p2 = (MyPoint3D)obj;
if (getz() != p2.getZ()) { return -1; }

return super.equals(obj);

}
public int getZ() { return z; }
public void setZ(int z) { this.z = z; }

}

In this example, the method equals of MyPoint3D cdlsthe equals method of MyPoint |,
whichinturn cdlsequals of Object ; dl cdlsare exeauted at the same objed (“this’).

The dassmay be used as foll ows.

\ Program 2.2-8 A method call \

MyPoint3D p = new MyPoint3D();
MyPoint3D p2 = new MyPoint3D();
int result = p.equals(p2);

int resultX = p.getX();

Since p has the static type (the type at compile-time) MyPoint3D . The method equals is
exeauted in MyPoint3D , no matter, if it is avirtual or nonvirtual method, since MyPoint3D

itself providesit. If equals did nat exist in MyPoint3D , cdlsto it would be forwarded to the
base class (MyPoint ), and so forth until a base classis foundthat provides the correspondng
implementation. For example, a cdl to getX must be forwarded this way. getX is seached in



2.2 State of the Art 15

the scope of MyPoint3D ; sinceit is not implemented there, the cdl is forwarded to MyPoint ,
whereit isfinally exeauted.

\Program 2.2-9 Amethodcall (2) \

MyPoint p = new MyPoint3D();
MyPoint p2 = new MyPoint3D();
int result = p.equals(p2);

int resultX = p.getX();

In Program 2.2-9, we assgn MyPoint3D instances to variables of type MyPoint (in Program
2.2-8, we used variables of type MyPoint3D ). In this example, equals is exeaited in
MyPoint3D , if it isavirtual method,and in MyPoint , if not. getX isexeauted in MyPoint
as before.

Generally, for avirtual method the method dispatch always starts the search in the dynamic type
of the objed, where the method has been invoked; if the methodis nat foundthere, it is searched
in the base class and so on, until a classis foundwhich implements the method. In the case of
nonvirtual methods, the seach starts in the scope of the static type of the objed (the type at
compile-time, MyPoint ). The same is valid, for example, if equals is cdled in getY
(implemented in MyPoint ): if equals isavirtual method, it is exeaited in MyPoint3D (see
dark grey path in Figure 2.2-4); if nat, it is exeauted in MyPoint .

Generaly, all method cdls to an objed and within an objed (method cdls withou explicit
spedficdion of the recever objea), are delegated to the same unit “this’ or “self”, no matter if
the methods are implemented in the objed’s classor one of of its base classes. With delegation,
as the term is used in prototypicd programming languages, Object , MyPoint , and
MyPoint3D can be different instances (rather than classes), and we would get the same
behavior (seeFigure 2.2-4).

Note that delegation is not classinheritance It is aso nat (only) forwarding; when a methodis
invoked on an objea, the cdl may be delegated from the objed’s classto a base class which
implements the method (in the case that it is not diredly implemented in the classof which the
objed isan instance). In short, delegationis forwarding plus the ancept of a mmon “self”.

2.2.5 Type-Safe Delegation and Dynamic Component Modification

Before we go on with an introduction of our new approadh, let us take a look at the following
reseach projed. Kniesel G. describes in [KNIES99] a concept for dynamic comporent
modificaion and delegation through objed-based inheritance, and discusses its advantages and
issues. The mncept was developed in the frame of the reseach projea Darwin.

The goa of the projed is described onthe mrrespondng Internet pages as foll ows:

“The Darwin projed aims to improve the founcition d objed-oriented systems by
bridging the gap between the two families of objed-oriented languages known today:
classbased and prototype-based ores.”

“The Darwin model describes typed, classhbased inheritance extended by static and
dynamic objed-based inheritance”

The Darwin model is redized in the programming language Lava, an extension of Java. Its type-
safe delegation concept and integration into a programming language provides the developer
with a high degree of usability through the posshility of static type-cheding, while aso
providing the flexibility of dynamic comporent modificaion.
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Dynamic comporent modificaion includes the customization of comporents such that they are
better suited for spedfic tasks. Kniesel proposes a classficaion of known approades of
dynamic comporent modificaionacmrding to

v their neal for preexisting “hooks’ in the applicaion as either suitable for anticipated or
unarticipated changes.

v the time when a modificaion is made as either static, loadtime or dynamic (runtime). We
asume that the reader is familiar with the meaning of these terms.

v their ability to adapt whole comporent types or individual comporent instances as either
globd or seledive Seledive approadhes can be further clasdfied as either replacing or
preserving, depending on whether they replace an existing comporent instance by its
modified version a let both be used simultaneously.

v the applied tedhniques as either code-modification-based, wrapper-based or meta-levd-
based.

The neda of unanticipated dynamic comporent modificaion has been repeaedly pointed out in
literature (e.g. [MAETZ97]). When developing a comporent, you may nat aways know which
hooks might be needed in the future by users of your comporent. Users of your comporent might
want to make enhancements to your comporent (withou having the source code), as well as you
might want to make modificaionsto third-party comporents.

With global approades, changes are applied to a comporent type rather than to its instances, so
the change affeds every single instance of such a comporent. This may be comfortable, becaise
changes must be applied at one placeonly, but raises an evolution problem: some clients might
still require access to instances of the comporent using its “original” interface and semantics.
You canna simply bre& their code. On the other hand, seledive approaches aso have their
shortcomings. For instance, the comporent to be replaceal might not be prepared to hand over its
private data to its new version, if the modification was not anticipated. The application might
also require smultaneous use of the ammporent’sorigina and rew version.

Code-modification uses two inpus, a class to be modified and a spedficaion of the
modificaions. For instance asped-oriented programming uses this approadh. Aspeds are
“weaved” into functional code, i.e. code is generated from the origina source code and aspeds,
seeSedion6.2

Meta-level-based architedures allow manipulation of a system at runtime. Examples for meta-
level-architedures are Smalltalk and the IBM System Objed Model (SOM); seeSedions 6.8and
6.11 Kniesel argues in [KNIES99] on Page 3 that meta-level-architedures have two main
limitations: they defed static type system and are inefficient.

When adive comporents neither can be diredly modified, nor unloaded from the system, we are
facel with the problem to change their behavior. One way to cope with this problem are
wrappers. Clients do not diredly send messages to the original comporent, but to wrapper(s).
The wrappers may implement the correspondng functionality, or simply forward messages to the
original comporent.

With resped to this classficaion, the Darwin model presents an approad to unanticipated,
dynamic, seledive, wrapper-based, objed-preserving componrent modification. Like in Darwin,
our flexible method dispatch can be used for dynamic, seledive, wrapper-based, obed-
preserving comporent modificaion, when it is applied at instancelevel (generic comporent
instance wrappers hande dynamic methods and forward cal s to static ones). When integrated at
classlevel like shown in Program 2.7-1, we use it rather globally and meta-level-based. The
concept is the same. The meta-level-approadh has one maor shortcoming: the programming
language or more predsely its refledion fadliti es have to be adapted. Refledion is the ability to
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obtain information abou the fields, constructors and methods of any class or comporent at
runtime. See[ENGLA97] on Pages 40-42 for ashort introduction into Javarefledion.

Now badk to delegation. In contrast to code modificaion, dynamic comporent modificaion
based on delegation does nat require the source code of the comporents to be adapted. It can be
deployed at runtime.

Many “simulations’ of delegation have been propcsed, either as language-spedfic idioms
[COPLI9]] or general patterns [GAMMAO95]. Simulation techniques and their drawbadks are
discussed and summarized in [HARRIS97] and [KNIES9S§].

The main disadvantages of the simulations are:

v the nedal to anticipate the use of a pieceof software as part of a larger composite and to
provide “hooks’ that all ow the corred treament of “this’ in the mntext of the cmpasite.

v the neal to oley rigid coding convention to implement the hooks.

v the nedal to edit or at least recompile the wrapper class (the delegating clasg when the
interfaceof the original class(delegated-to clasg changes.

According to [KNIES99], ead of the simulation techniques has additional shortcomings in terms
of limited applicability, limited functionality, limited reusability and excessve @sts:

v Storing a reference to “this’ or “self” in parent objeds (or base classs) has limited
applicability. Sharing of one parent by multi ple delegating children canna be expressed at
al and reaursive delegation can only be simulated with significant runtime and software
maintenance osts.

v Pasdng areferenceto “this’ as an argument of forwarded messages requires to extend the
interfaceof methods in parent objeds, which might not be possble, if the parent objed is
part of a ready-made, bladk-box comporent (a third-party comporent). Furthermore, the
typing of the explicit “this’ argument interads in subtle ways with the construction of
subclasses of parent classs. In the end, the simulation either does nat read full
functionality of delegation or it does so at the price of excesgve costs for managing class
hierarchy changes, rendering reuse al absurdum.

In Darwin / Lava, objeds can delegate to others referenced by their delegation attributes. If a
classC dedares a delegation attribute of type P, we say that Cis adedared child classof type P
(and of its subtypes), and P is a dedared parent classof C. A classcan use the methods of its
dedared parent clases asif they were dedared in the same dass or in abase dass

Delegation attributes are dedared in an objed’s classby adding the keyword delegatee to an
instance variable dedaration. There are two types of delegation attributes. mandaory and
optiond. An attribute is cdled mandatory if it must have anonnull value; optional otherwise.

As example we use a classShape. A Shape represents a visua objed and hads the necessary
data structure for the objed. Concrete examples are redangles, polygons, images. Painter sare
resporsible for adualy drawing Shape oljedsona cawvasin agraphicd user-interface

In this code fragment we dedare Painter to be a dedared parent classof class Shape. As
painter we instantiate a BorderPainter which paints a Shape objed and its enclosing
border.
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\Program 2.2-10 Dedared paent

public class Shape {
/l the delegatee " painter " must not be null
mandatory delegatee Painter painter;
public Shape() {
painter = new BorderPainter(); // draws the object and its border

}

Il switch paint strategy

void setPainter(Painter painter) { this.painter = painter; }
Point getPos() {...}

}

The following picture ill ustrates how the classes are related to eat other. We use the extended
UML-notation “delegates to”.

extended UML-notation:

C delegates to P
C P
Shape <>_B> Painter
draw) {
Poi nt p=thi s. get Pos() ;
Point getExtent() draw() —_— Poi nt e=this. get Extent() ;
Point getPos() Point getExtent() y
[
SimplePainter BorderPainter

Figure 2.2-5 Dedared parent andchild

Since Shape is a dedared child class of Painter and its derived classs, the methods of
BorderPainter can be used asiif they were dedared in Shape or one of its base dasses.

In the foll owing case, we cdl the methoddraw on ¢, an instance of classShape. The method
cdl will be delegated to p, an instance of classBorderPainter  ; draw in turn cdls getPos
which isimplemented in classShape, so the method cdl is delegated bad to c. In short, ¢ and
p are united by a ommon “this’.

draw() draw()
E— c: Shape P  p: BorderPainter

this.getPos()

Figure 2.2-6 Delegationto dedared parent

Note that if BorderPainter introduces methods that are neither dedared in Painter  (the
dedared parent of Shape), nor in a base class Shape, e.g. an own getPos -method, then cdls
to such methods are nat delegated badk to Shape instances (one would exped that a child
aways overrides methods of the parent). Thisis a speda behavior of the Darwin model and is
described in [KNIES99] onPage 11.

The Darwin model offers a certain level of flexibility while providing good performance and
type-safety. On the other hand, a shortcoming is the necessty to staticdly dedare parents.
Posgble future comporent enhancements must be anticipated; hooks like in Program 2.2-10
(mandatory delegatee Painter ) are necessary.

Read more abou the Darwin / Lava delegation mechanism and a summary of dynamic
comporent modificaion feaures andisauesin [KNIES99] and the crrespondng Internet pages.
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2.3 Flexible Method Dispatch

The method look-up and invocation (also cdled method dispatch) can be optimized so that
methods of base classes nead not be seached in the class hierarchy as necessary in Smalltalk
method dictionaries, while keging method dispatch dynamic like in Smalltalk and unlike v-
tables.

Based on this ideawe propose a flexible message dispatch medhanism and show examples for
the usage. The medanism has been designed to be deployed on top of the refledion fadliti es of
common programming languages. We understand refledion as the ability to obtain information
abou the fields, constructors and methods of any classor componrent.

Before we take a closer ook at the dynamic cgpabiliti es of the flexible method dispatch, let us
see how the medhanism basicdly works and how it is redized in contrast to the medanisms
described in the previous ®dions.

Figure 2.3-1 depicts the same objed p and its classes as Figure 2.2-1, with one difference
method references of a base class(e.g. Object ) are aso in the method dictionaries of derived
clases (MyPoint ). Note that in Smalltalk eat class has a method dictionary with dired
references to its methods. Methods of base clases are not stored in method dictionaries of
derived classes. In C++, v-table (virtual method tables) entries are dired pointers to the methods
of the classor its (dired or indired) base classes. With the optimization shown in Figure 2.3-1, a
value in a method dictionary is a structure containing a dired reference to a method (getX ) of
the same classand alist of indired references to dictionary entries (hashCode ) of other classes
(Object ). The key is amethod name. We cdl such a structure a method reference, respedively
a Dispatcher.

object p class My Poi nt class Obj ect
. i <<instance of>: i i i i
p_: MyPoint MyPoint <<derived from>> Object <<derived from>>
= = /7 nil
<<ref to base class>> 7 <<ref to base class>> ]|
X int
y:int

<<dispatch>>

<<dispatch>>
method
dictionary

<<dispatch>x \

<<dispatch>>

int equals(Object) <<SM

A\ | noatification>>
method int getX()
dictionary

<<state change
notification>>

setX(int) <<dispatch>>

int getY()

setY(int)

<<state change <<dispatch>> executable methods
notification>>

int equals()
method code

executable methods

Figure 2.3-1 Method dspatch using indired methodreferences

This approad al ows us to replacebase classes and methods by others at runtime. In contrast to
v-tables no indexes must be recdculated in this case. Method references are notified whenever
the state (“Enabled”, “Disabled”, etc.) of an associated method changes. For such a natification,
the method references (for example, hashCode in MyPoint ) nead nat be looked up, sincethey
are listeners of ether the method objed itself (method hashCode in Object ), or an other
asociated method reference (method reference hashCode in Object ). Furthermore, the
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approach alows us to attach li steners also to methodreferences (not only to methods), which are
natified with ead method invocaion or state change. Note that method states are a fedaure
introduced with this method dspatch medhanism. See &so Sedion 4.3.7.

We can also use this medhanism for multi casts (broadcasts) by delegating method calsto a set of
Dispatchers (equivalent to .NET delegates). Like .NET delegates, our Dispatchers can reference
method oljeds of different classes and oljeds.

When a method is invoked, the method is seached by simply following the Dispatchers
(hashCode in classMyPoint ) to ared method (methodhashCode of classObject ).

The flexible methodinvocaion comprises the foll owing steps. Compare to the Smalltalk method
dispatch agorithm in Sedion 2.2.1 (Pages 8f) and the v-table-based dispatch in Sedion 2.2.2

(Pages 91):

1. Get the dassobjed
(MyPoint ) of the objed (p) where the method (getX ) was invoked

2. Get the method dctionary
adictionary (key/value map) where the entries are references to methods and the keys are
the arrespondng method rames.

3. Look upthe methodreference (Dispatcher)
for getX inthe Dispatcher dictionary of the aurrent class

4. If found,then resolve the methodreference

a) If the methodreferenceis ared method, then invoke the method code (getX ) and go to
step 6

b) If the methodreferenceis an indired referenceto a method, then dereferenceit (take the
value which it references) and continue with step 4a

5. If not foundthen throw an error (the method daes not exist) and go to step 6
6. Done

2.4 Method Dispatch Using Reflection

In the following ill ustrations, code fragments and explanations are based on the refledion
fadliti es of Java. One reason why we choose a refledion-based approac rather than a dired
integration of the flexible method dispatch mecdhanism into the Java programming language is
that we want to avoid confusion with code-fragments of the Java programming language (what is
part of the Java development kit and what is new?). Ancther reason is that this mecdhanism was
mainly designed for dynamic objed-based use. More éou that later.

To avoid confusion with the well-known classconcept and its implementations, we introducethe
term Activity Set for sets of operations (seealso Sedion 1.2). The concept is similar to the class
concept. Like aclass an Activity Set is a named scope and contains a dictionary (key/value map)
with references to operations. In our case, operations are cdled Activities, and reference objeds
to Activities are cdled Dispatchers. Activity Sets can be nested (so they have a path) and can
aqquire from (delegate to) others. The main difference to classes is that Activity Sets are based
on objeds rather than on static type-information. Their Activities can be defined in different
objeds. An Activity Set treds its Activities, respedively their associated objeds, as unit, so it
suppats delegation to independent objeds. But more éou that later.

In the following, we do not use the terms “base class' or “derived class' together with the
flexible method dispatch, but rather the terms * parent and “child”. Note that an Activity Set may
diredly berelated to a dass
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To refled that we choose a dynamic objed-based approach rather than class inheritance, we
dightly adapt Figure 2.3-1.

<<caller>>
object p Activity Set myPoin t Activity Set obj ect
p : MyPoint myPoint: ActivitySet <<acquires from>> | object: ActivitySet ﬁ“"es"w> i
<<ref to class>> <<ref to parent>> - <<ref to parent>> -
X:int
y:int
<<dispatch>> \<<dispatch>>
<<dispatch>>
int hashCode() — int hashCode() Dispatcher
N\ dictionary
<<dispaich>> int equals(Object)
int equals(Object) | <<state change
Dispatcher <<state change‘
dictionary notification>>

setX(int)
int getY()

setY(int)

<<state change \ <<dispatch>>
notification>> JA\ WXL SV

int equals()
Activity

Activity

Figure 2.4-1 Method dspatch using Dispatchers and Activity Sets

There is not much difference to Figure 2.3-1—we use the classes MyPoint and Object , or
more predsely their Activity Set equivalents, for this example. We asaume that the class
MyPoint isnat staticdly derived from the classObject anymore. The correspondng Activity
Set myPoint isachild of object and “acquires’ from it, that is it dynamicdly inherits from

object . So we get a dynamic relationship between these classs instead of the static one of
Figure 2.3-1.

The cdler of an Activity (a “dynamic” method) makes an assciation between the involved
objed and an Activity Set. More predsely, the Activity Set is initialized with the methods of the
objed’s class the Activity Set can then be used to dynamicaly invoke methods.

Activity Set nyPoi nt3 C

Dispatcher

dictionary /7
int hashCode()

Dispatcher ) Activity
<<dispatch>>

i ivi Poi nt
<ncim§aﬁgﬁ2€>’e Activity Set ny
Dispatcher Activity

Activity Set objec t
Dispatcher Activity ;
other Activity Sets

Dispatcher

>! int equals(Object) |<—_>

\/

Figure 2.4-2 Dispatcher chain
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Figure 2.4-2 ill ustrates how Dispatchers and Activities are related to ead other. An entry in a
Dispatcher dictionary—here that of Activity Set myPoint3D —is a reference to a Dispatcher in
the same Activity Set. Note that the Dispatcher dictionaries of the other Activity Sets are not
shown here. The Dispatcher may have a referenceto an Activity of the same Activity Set and/or
references to Dispatchers of other Activity Sets (the parent Activity Sets in a delegation
relationship). The parent of myPoint3D ismyPoint , andthat of myPoint isobject

In the foll owing we seethe flexible method dspatch algorithm as pseudo code.

\Program 2.4-1 Methodlook-up wsing (indired) Dispatchers (pseudo code) \

Object perform(ActivitySet a, Object p, String activityName, Object[] arguments) {

Dispatcher m = a.getDispatcher(activityName); /I get a dispatcher
if (m !=null) {
while (!m.isActivity()) {
[1] m = m.getDispatcher(); /I get dispatcher target
}
[2]  return m.getActivity().perform(p, arguments); /I invoke the retrieved
/I activity
else {

... Il throw an error (activity not found)

}

}

An Activity Set is passd to the perform -method. It contains Dispatchers (method references)
to the objed p. Program 2.4-3 describes how an Activity Set can be generated from an objed.
We asaume that the classActivitySet provides amethodgetDispatcher ~ which returnsa
(dired or indired) reference to the Activity associated with the given Activity name
(activityName ); theimplementation of the classis shown later. Actualy a Activity signature,
i.e. the Activity name including parameter and result types, must be spedfied for
getDispatcher , but for the simplicity of the example we ignore that for now. If the value
returned by getDispatcher is not null, we cdl getDispatcher until we get the acual
Activity [1]; otherwise we throw an error (Activity not found. Finaly we exeaute the Activity
(getActivity().perform() ) [2].

Note that the code fragment abowve is pseudo code and may not compile. However, there is a
conceptually equal implementation in the PCoC framework. The term Activity is used for method
objeds in the context of PCoC; their Activity Sets are dynamic scopes where Dispatchers of
different objeds can be added to; method reference objeds containing the forwarding logic are
cdled Dispatchers. SeeSedion 5.6. A more detail ed description d Activity Setsis given later.

Program 2.4-2 ill ustrates a simple implementation of an Activity. When perform iscdled, the
argument types are chedked and findly the template method doPerform is cdled. As
containers for arguments and return values we use instances of class Material . The
implementation d classMaterial  istrivial.

SeeProgram 4.3-5 for the arrespondng implementation d an Activity in PCoC.
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Program 2.4-2 A simple Activity implementation ‘

class Activity {
Method performMethod;
String name;
Object provider;
Activity(Method m) {
name = m.getName();
performMethod = m;
provider = null; //is set when added to an Activity Set

public Material perform(Object o, Material args) {
if (checkArguments(args)) { // do a dynamic type check
return doPerform(o, args);

return null;

protected Material doPerform(Object o, Material args) {
Object result = null;
try { result = performMethod.invoke(o, args.toArray());
} catch ... // NoSuchMethodException, lllegalAccessException,...
return new Material(result);

}

}

As example we dynamicdly invoke the method hashCode of an instance of the class
MyPoint using an Activity Set. We assume that the method is expased as Activity by the
parent Activity Set object |, that isit isimplemented in the associated class Object , and not
by myPoint :

Program 2.4-3 Invoking amethod wsing Dispatchers (pseudocode) |

MyPoint p = new MyPoint();

/l use the methods of the object’s class to initialize an Activity Set

ActivitySet myPoint = PCCRegistry.getOrCreateActivitySet(p.getClass());
ActivitySet object = PCCRegistry.getOrCreateActivitySet(Object.class);
myPoint.acquire(object);

Object[] arguments = new Object([] {}; // no arguments

activityName = "hashCode";

Object result = perform(myPoint, p, activityName, arguments);

First, we retrieve the dassof objed p (where the speafied methodwill beinvoked) and wseit for
theinitialization o anew ActivitySet instance

Note that such an Activity Set is generally creaed only once and reused many times. For that
reason, we crede the Activity Set using the Activity Set registry (PCCRegistry ). The registry
isasingleton and asaures that there is only one Activity Set per class respedively classname, in
the system. As arealy mentioned, we dedded nat to integrate the flexible method dispatch
approad into a programming language in order to be able to use conventional compilers. On the
other hand, if we integrated it into a progranming language, classes would be cgpable of
generating and delivering correspondng Activity Sets. However, it may not make sense that eah
class(or objed) has an own Activity Set, and there may be Activity Setswhich are not associated
with only a single classor objed. An Activity Set may have method references (Dispatchers) to
several independent classes and/or objeds.

The second Activity Set in our example corresponds to the methods of the classObject , andis
aaquired by the myPoint Activity Set. The Activity Sets stay related to eat other, unlesswe
cdl discard (the oppasite of acquire ).
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We use the method perform of Program 2.4-1 to invoke hashCode on the obed p.
myPoint does nat diredly offer the method, therefore it has an indired Dispatcher pointing to
the Dispatcher of hashCode in Activity Set object . The Activity and the associated method
are finaly foundand exeauted in object , respedively in the classObject . The reasons why
we use dynamic methodinvocation, i.e. methodinvocation based on refledion, rather than static
methodinvocaion bkecome dea when we go into detall .

But first, let us take ancther look at the method dispatch algorithm of Smalltalk and compare it to
the flexible method dispatch. We use Javalike pseudo code in order to make the comparison
easier:

Program 2.4-4 Methodlook-up dgorithm of Smalltalk (pseudocode) |

Object perform(Class c, Object p, String methodName, Object[] arguments) {
Method m;
Class pc =c;
while (pc != null) {
m = pc.getMethod(methodName); /I get the method, if defined in the
Il current class
if (m !=null) {
[2] return m.invoke(p, arguments); Il invoke the retrieved method
}
[1]  pc=pc.getSuperclass(); Il provided that there is only one base class

}

The main difference to the flexible method dispatch medhanism is that the requested methodis
retrieved by seaching it in the classhierarchy (see[1] in Program 2.4-4); in contrast to that the
flexible method dspatch retrieves a method by resolving indireda Dispatchers (see[1] in Program
2.4-1). More predsely, in the worst case Smalltalk does a lookupin the method dictionaries of
the classand eadt base classof the given objed, whereas the flexible method dispatch does only
one lookup in the Dispatcher dictionary of the objed’s Activity Set, respedively class and
traverses the hierarchy by resolving (dereferencing) Dispatcher references.

Note that some Smalltalk systems may have dlightly different implementations of this look-up
algorithm.

2.5 Dispatcher-Dictionary Implementation
A Dispatcher dictionary for Figure 2.4-1 could look like Program 2.5-1 (smplified).

In this Dispatcher dictionary classwe define methods for adding and removing methods. When
an Activity or Dispatcher is added, a new Dispatcher is creaed as wrapper of the original one and
stored in the dictionary. Take alook at Program 2.4-1 to seehow Dispatchers are resolved.

Note that, for example, in Java, aMethod ohjed (as needed for addActivity ) of a dassc
can beretrieved by cdling c.getMethod("<methodName>", Class][]

parameterTypes) . aslnterfaceString , amethod d PCCActivityInterface,
generates an interfacespedfication string for the parameter type li st of the given method. See
Sedions4.3.4and 5.5.1for descriptions of the dynamic Activity type concept and the
PCCActivityInterface class

The implementations of asInterfaceString and methods of DispatcherDictionary
are omitted here, sincethey are not relevant to explain the concept.
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Program 2.5-1 Dispatcher dictionary (pseudo code)

public class DispatcherDictionary {
private HashMap dispDict;

public DispatcherDictionary() {

public void addActivity(Method m) { /l add method and wrap it by a dispatcher
HashMap dsps = (HashMap)dispDict.get(m.getName());
if (dsps == null) {
dsps = new HashMap(); /Il create a hash map for methods
dispDict.put(m.getName(), dsps); [/ with the same name

// build a signature from the parameter types and use it as key for

/I the hash map

String signature = PCCActivitylnterface.asInterfaceString(
m.getParameterTypes());

dsps.put(signature, new Dispatcher(new Activity(m)));

public void addDispatcher(Dispatcher d) { // add Dispatcher and wrap
/I it by another Dispatcher

... Il the same as above, except last line

dsps.put(signature, new Dispatcher(d));

public Dispatcher removeDispatcher(String dispName, Class[] parameterTypes)
HashMap dsps = (HashMap)dispDict.get(dispName);  // get method hash map
String signature = PCCActivitylnterface.asInterfaceString(
parameterTypes); /l 'and remove the

if (dsps = null) { // Dispatcher

Dispatcher m = (Dispatcher)dsps.remove(signature);

if (dsps.size() == 0) {

dispDict.remove(dispName);
}

return m;
return null;

public Dispatcher getDispatcher (

String dispName, Class[] parameterTypes) {
HashMap dsps = (HashMap)dispDict.get(dispName); // get method ref
String signature = PCCActivitylnterface.asInterfaceString(

parameterTypes); /l from the hash map
if (dsps = null) {
return (Dispatcher)dsps.get(signature);

return null;
public Dispatcher[] getDispatchers( Il get all Dispatchers
String dispName ) { /I with name

HashMap dsps = (HashMap)dispDict.get(dispName);
if (dsps !=null) {
return dsps.values().toArray(); // returns a set of Dispatchers

return null;
public Dispatcher[] getDispatcher s() { // get all Dispatchers
... Il returns a set of Dispatchers
public String makeSignature(Class[] parameterTypes) {
... Il concatenate class names
}
}

dispName

2.6 Dispatcher Implementation

For the foll owing code fragments we assume that methods are always represented by instances of
the class Activity and that they are subjed to be explicitly used by the developer (not only

implicitly by the refledion system of the programming language).
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The correspondng Dispatcher classcould look like Program 2.6-1.

\Program 2.6-1 Dispatcher implementation (pseudo code)

public class Dispatcher {
private Activity a;
private Dispatcher dsp; // for simplicity of this example only one acquired
/Il dispatcher; normally this is an object array
/I (for multicasts)

public Dispatcher(Dispatcher dsp) {
this.dsp = dsp;
a =null;

}

public Dispatcher(Activity a) {
this.a = a;
dsp = null;

public boolean isActivity() { return dsp == null; }
public Dispatcher getDispatcher() { return dsp; }
public void addDispatcher(Dispatcher dsp) { this.dsp = dsp; }

public Activity getActivity() { return a; }
public void setActivity(Activity a) { this.a=a; }

public String getName() {
if (a!=null) {
return a.getName();
} else if (dsp != null) {
return dsp.getName();

return -

public setName(String name) {
if (a!=null) {
return a.setName(name);
} else if (dsp != null) {
return dsp.setName(name);

}

}
Object perform(Object p, Object[] arguments) {
if (isActivity()) {
return  getActivity().perform(p, arguments); /I invoke retrieved Activity
}else {
return  getDispatcher().perform(p, arguments); /I get Dispatcher target
}

}

The classDispatcher  suppats dired references to Activities and indired ones (references to
other Dispatchers). Dispatchers can be linked in chains (new Dispatcher(dsp) ), whereas
the ends of such chains are dways dired references to Activities.

Note that we have two member variables—a referenceto an Activity and ore to ancther
Dispatcher. For multi ple delegation parents you may introduce an array of Dispatchers and
extend a shrink it on demand.

Dispatcher provides a method perform  which corresponds to the method dispatch
algorithm of Program 2.4-1, bu as reaursive implementation. The Dispatcher for a given Activity
name and oljed p isretrieved somewhere dse:
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\Program 2.6-2 Retrieving aDispatcher (pseudo code) \

Class pCl = p.getClass(); /I or MyPoint.class

Class[] parameterTypes = new Class[] {Object.class};

Object[] arguments = new Object(] {};

ActivitySet myPoint = PCCRegistry.getOrCreateActivitySet(pCl);
Dispatcher dsp = myPoint.getDispatcher("getX", parameterTypes);
Integer result = (Integer)dsp.perform(p, arguments);

When the cdler does not need (or want) to keegp Dispatchers for later use, there is a smpler way
for invoking Activiti es, respedively their associated methods:

Program 2.6-3 Dynamically invoking amethod (pseudo code) |

ActivitySet myPoint = PCCRegistry.getOrCreateActivitySet( p);
Integer result = (Integer)myPoint .perform(p, "getX", arguments );
This assumes that the class ActivitySet provides a few convenience methods. For instance,

there is a methodthat allows us to spedfy an objed insteal of a classwhen creaing an Activity
Set. The method perform  of classActivitySet may automaticaly determine the signature
of the requested method. It can do so by looking for a Dispatcher in the Dispatcher dictionary,
whaose signature matches the given method name and the types of the given arguments. If there
are ambiguities, an error could be thrown. Note that such type-cheds are performed at runtime,
therefore arors can also be reported orly at runtime.

The Activity Set is normally reused many times, so it may be stored as member variable in a
class
2.7 Using Dispatcher Dictionaries and Indirect References

Now, let us take a look at the implementation of the class ActivitySet and how it
coll aborates with its Dispatcher dictionary:

\Program 2.7-1 ClassActivitySet ‘

public final class ActivitySet
private DispatcherDictionary dd,;
private ActivitySet parent;

ActivitySet(Class cl) { /I can only be created by the Activity Set registry
md = new DispatcherDictionary();
if (cl = null) {

inti;

Method[] methods = cl.getMethods();

for (i=0; i<methods.length; i++) { // add all methods of the given class
addActivity(methodsli]);

parent = PCCRegistry.getOrCreateActivitySet(cl.getSuperclass());
acquire(parent);

The Activity Set constructors take either a classas argument, an objed, or a name (which may
correspondto a classname). In al cases the methods of the given classare exposed as Activities
and added to the Activity Set at credion time. If there is a base class a correspondng parent
Activity Set is creaded and aoquired, that isits Dispatchers are wrapped and added to this Activity
Set (iterate over al Dispatchers of the parent and add it by using addDispatcher ).
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\Program 2.7-2 ClassActivitySet 2
;A”ctivitySet(Object 0) { [/l can only be created by the Activity Set registry
this(o.getClass()); // add all methods of the object’s class

ActivitySet(String name) { /I can only be created by the Activity Set registry
this(Class.forName(name)); // add all methods of the class

}

public void addActivity(Method m) { /Il creates an Activity from the given
dd.addActivity(m); /I method object

public void addDispatcher(Dispatcher dsp) {
dd.addDispatcher(dsp);

public void removeDispatcher(String dispName , Class[] parameterTypes) {
dd.removeDispatcher(dispName, parameterTypes);

public Dispatcher getDispatcher(

String dispName , Class[] parameterTypes) {
return dd.getDispatcher(dispName, parameterTypes );
}
public Method[] getDispatchers() {
return dd.getDispatchers();

}

We use the method getMethods  of the Java refledion padkage to get al methods of the given
class Generaly, Activities and Dispatchers can be added or removed at any time. For the
retrieval of asingle or al Dispatchers we can use the methods getDispatcher | respedively
getDispatchers

Note that we use the Dispatcher dictionary class of Program 2.5-1 and the Dispatcher class of
Program 2.6-1.

\Program 2.7-3 Implementation o perform in classActivitySet (pseudocode) \

public Object perform(Object p, String dispName, Object[] arguments) {
int i=0;
/I get all Dispatchers with the given name
Dispatcher[] dsps = dd.getDispatchers( dispName );
while (i < dsps.length) { /I iterate over all Dispatchers
Class[] parameterTypes = dspsl[i].getParameterTypes();
if (parameterTypes.length() == arguments.length) {
int j=0; Il search for a Dispatchers with a
while (j<arguments.length) { // matching interface; the parameter
1 types must match the types of the
1 given arguments (actual parameters)
if (! parameterTypes][j].isinstance(arguments][j]) ) { break; }
j++;

/l found a matching Dispatcher; invoke it
if j >= arguments.length ) { return dsps]i].perform(p, arguments); }
}
i++;
}
... Il throw error
return null;

}

The implementation of the perform method is shown abowve. It retrieves a Dispatcher with a
matching interfacefrom the Activity Set’s Dispatcher dictionary.
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The Dispatcher dictionary dd returns an array of Dispatchers which match the given Dispatcher
name. The array is seached for a Dispatcher whose parameter types match the types of the
arguments (adual parameters) passed to this method (perform ). If there is a matching
Dispatcher, it isinvoked, and thus its associated Activity; otherwise an error is thrown.

Now let us make use of the dynamic method cgpabiliti es of the flexible method dspatch:

\Program 2.7-4 Addingindired Dispatchers to aclass(pseudocode) \

ActivitySet myPoint = PCCRegistry.getOrCreateActivitySet(MyPoint.class);
ActivitySet object = PCCRegistry.getOrCreateActivitySet(Object.class);
myPoint.acquire(object);
Class[] parameterTypes = new Class|[] {Integer.class, Integer.class};
myPoint. addActivity( /I add new method
"setXY"
new Activity("setXY", parameterTypes) {
public Object doPerform(Object obj, Object[] args) { /I executed when the
setX((Integer)args|[0]); /I Activity is invoked
setY((Integer)args[1]);
return null; // the actual functionality

}
o

First, we creae an Activity Set from the class MyPoint . Remember, an Activity Set adds
Activities and Dispatchers for all methods of the spedfied classto its Dispatcher dictionary at
credion time. In the given example all MyPoint methods are added as Activities and
Dispatchers to the Activity Set myPoint . After that, we explicitly add an Activity (method
objed) setXY . The Activity may contain functional code in its (static) methoddoPerform , or
simply forward cdls to the correspondng methods of the objed obj . In the example abowe, the
functional codeis diredly implemented in the Activity’s methoddoPerform

The implementation d addMethod can be foundin Program 2.5-1.

2.8 Dynamically Adding Aspects to Method s

We may want to wrap existing methods in order to add aspeds. An asped is spedfic code to
validate adual parameters, to trace cdls, etc. The following example shoud ill ustrate why
flexible method dictionaries (Dispatcher dictionaries) are useful for this purpose. We add aspeds
before and after the original methodequals .

For ill ustration of this example, we use Figure 2.3-1 and adapt it acordingly. See Figure 2.8-1.
eg_aspect_in  andeq_aspect_out arethe aspedswe want to add. They are implemented
as Activitieswhich shoud be cdled before and after the original Activity equals isinvoked.
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<<caller>>

objectp Activity Set nyPoi nt Activity Set obj ect
p: MyPoirt myPoint: ActivitySet w object: ActivitySet w il
<<ref to class>> <<ref to parent>> - <<ref to parent>> -
x:int
y:int
Dispatcher

int equals(Object)

'

<<state change
natification>>

Activities

Activities

Figure 2.8-1 Dynamically addng aspeds

The following code fragment shows the implementation:

\Program 2.8-1 Adding aspeds to Dispatchers (pseudo code)

ActivitySet myPoint = PCCRegistry.getOrCreateActivitySet(MyPoint.class);
ActivitySet object = PCCRegistry.getOrCreateActivitySet(Object.class);
myPoint.acquire(object);

Dispatcher dsp = myPoint.removeDispatcher("equals", parameterTypes);
dsp.setName("equals_orig");

myPoint.addDispatcher(dsp); // add the original "equals " -Dispatcher as
I " equals_orig
myPoint. addActivity( /I add new Activity and Dispatcher "equals",

/I including new aspects
new  Activity("equals", parameterTypes) {
public Object doPerform(Object obj, Object[] args) {

ActivitySet as = PCCReqgistry.getActivitySet(obj);

as.getDispatcher(" eg_aspect_in  ").perform  (obj, args);
Object ret = as.getDispatcher(

"equals_orig").perform(obj, args);
as.getDispatcher(" eg_aspect_out ").perform  (obj, args);

We use the equals method of the classMyPoint for our example. The methodis exposed as
Activity, respedively as Dispatcher. To wrap our origina Dispatcher, we remove it, rename it to
equals_orig and add it again with the new name. Now the origina Dispatcher name
equals isnot used any more, so we can use it for our own Dispatcher wrapping the original
one. In the body of method doPerform we cdl eq_aspect_in , then the origina equals-
Dispatcher equals_orig , and then eq_aspect_out . Note that the implementations of
eg_aspect_in and eq_aspect_out do nat give any new insight into the discussd
concept, therefore they are not shown here.
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After having replaceal the original equals Dispatcher with a wrapper, whenever client code is
using a Dispatcher with this name, our new Dispatcher, including the aspeds eq_aspect_in
and eq_aspect_out , isused. Client code neads no change; existing cdls to the Dispatcher
equals can stay syntadicaly the same, but lead to the invocaion of the wrapper Activity rather
than the original Activity.

2.9 Notifications

Anocther fedure of the introduced method dispatch mecdhanism is the ability to attach listeners to
Dispatchers. Listeners are used when additional operations shoud be exeauted before or after the
exeaution of a Dispatcher, or when an Activity or Dispatcher is added or removed or their states
change. In contrast to aspeds as described abowve, natifications canna be used to override the
behavior of the original Dispatcher. The adual Dispatcher and its associated Activity are
exeauted in any way. To ill ustrate this cgpability, we enhance Program 2.6-1 by a natificaion
mechanism.

Program 2.9-1 Dispatchers with ndifi cations (pseudo code) |

public class Dis patcher {
Object listeners;

Object perform(Object p, Object[] arguments) {
Object result;
notifyListenersBeforePerform(p, arguments);
if (isActivity()) { // if there is an Activity associated, invoke it
result = getActivity().perform(p, arguments);

else if (getDispatcher() != null) { // otherwise use an attached Dispatcher
result = getDispatcher().perform(p, arguments);

notifyListenersAfterPerform(p, arguments, result);

void addListener(DispatcherListener listener) {
if (listeners == null) { listeners = new ArrayList(); }
((ArrayList)listeners).add(listener);

void notifyListenersBeforePerform(Object p, Object[] arguments) {
ArrayList | = ((ArrayList)listeners);
if (I == null) { return; }
for (int i=0; i<l.size(); i++) {
((DispatcherListener)l.get(i)).beforePerform(p, arguments);

void naotifyListenersAfterPerform(Object p, Object[] arguments, Object result) {
ArrayList | = ((ArrayList)listeners);
if (I == null) { return; }
for (int i=0; i<l.size(); i++) {
((DispatcherListener )l.get(i)).afterPerform(p, arguments, result);

The dso modify the methods for adding and removing Activiti es and Dispatchers.
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\Program 2.9-2 Dispatchers with ndifi cations (pseudo code)

public void addDispatcher(Dispatcher dsp) {
this.dsp = dsp;
notifyListenersActivityAdded(dsp);

public void removeDispatcher(Dispatcher dsp) {
this.dsp = null;
notifyListenersActivityRemoved(dsp);

}
public void setActivity(Activity a) {
notifyListenersActivityRemoved(this.a);
this.a = a;
notifyListenersActivityAdded(a);
}
}

notifyListenersActivityAdded and notifyListenersActivityRemoved are
implemented equivaently to notifyListenersBeforePerform and
notifyListenersAfterPerform . We do nd show the implementationin detail, sinceit

does not add relevant information to this example.
The orrespondng li stener interfacemay look as foll ows:

\Program 2.9-3 Dispatcher listener interface (pseudo code)

public interface DispatcherListener
void beforePerform(Object p, Object[] arguments);
void afterPerform(Object p, Object[] arguments, Object result);
void activityAdded(AbstractActivity a); // AbstractActivity is the base
void activityRemoved(AbstractActivity a); // class of Dispatcher and Activity

The  relevant statements  in Program 2.91 ae the method cdls
notifyListenersBeforePerform and notifyListenersAfterPerform . Ead
Dispatcher  managesalist of listeners (also cdled observers), and ndifies with these methods
the listeners whenever the Dispatcher is invoked, i.e. whenever the method perform is cdled.
Note that listeners attach to spedfic Dispatchers and not diredly to methods. This gives us the
flexibility to get natificaions of invoked Dispatchers only for spedfic children of an Activity Set
providing the correspondng method. For example, we may want to be natified whenever the
method hashCode isinvoked on the Activity Set myPoint , but we do not want to be natified
when hashCode isinvoked on other children of the Activity Set object or onobject itself.
Remember, the method hashCode is implemented in the class Object and added to the
correspondng Activity Set, therefore all children of object dynamicdly “inherit” the
Dispatcher.

The following code fragment ill ustrates how to make use of the natification cgpability. First, we
creae an instance of MyPoint . After that, we retrieve a Dispatcher for method hashCode in
classMyPoint . Then we attach alistener to the Dispatcher and invoke the Dispatcher on objed
p. The listener will be natified before and after the Dispatcher is invoked, respedively its
asociated methodhashCode of objed p.
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Program 2.9-4 Using Dispatcher natifi cations (pseudo code) \

public void foo() {
MyPoint p = new MyPoint(10,20);
ActivitySet myPoint = PCCRegistry.getOrCreateActivitySet(p);
ActivitySet object = PCCRegistry.getOrCreateActivitySet(Object.class);
myPoint.acquire(object);

Dispatcher dsp = myPoint.getDispatcher( "hashCode" , new Class|[] {});
dsp.addListener(new MyListener());
int hc = ((Integer)dsp.perform(p, " hashCode ", new Object[] {}) ).intValue();

public class MyListener implements DispatcherListener {
beforePerform(Object p, Object[] arguments) { ... }
afterPerform( Object p, Object[] arguments, Object result ){...}

-

This example is quite simple. There is only one place where the Dispatcher hashCode is
invoked and and we know which arguments are passd. In this example, we adually need no
natificaion. We can modify the code diredly, for example, to trace the method cdl. In red
applicaions it is more usua that there are many code fragments where a spedfic method is
cdled. As users of third-party libraries or frameworks, we might want to be able to hook into
methods of library or framework classes to tracemethod cdls, trigger related operations, or to
cancd method cdls, but we do not have the source code and therefore canna diredly modify it,
respedively, we shoud nat do that for the sake of encapsulation. As library or framework
developers we may want to provide such hooks rather than alow clients to modify our source
code.

Note that with the PCoC framework, this natification medhanism is not diredly provided by the
Dispatcher class bu by abase dass SeeSedion4.3.2

2.10 Flexible Delegation

So far, we have got insight into the most common fadliti es for method and message dispatch:
method dictionaries, v-tables, and message interpreters. We have leaned that delegation is a
dispatch medanism to share behavior between objeds. We know that delegation may be used
together with any of the dispatch fadliti es described abowve. In Sedion 2.2.5we finaly read abou
the Darwin model—a mecdhanism for type-safe delegation and dynamic comporent modification
([KNIES99)).

With a flexible method dispatch, we propase a more drastic approadc than the Darwin model in
terms of flexibility. It offers much flexibility (method objeds and comporents can be added and
removed entirely at runtime like in Smalltalk), no static dedarations of parents are necessary, and
“standard” compilers can be used (no proprietary compilers are necessary). Like Darwin, this
mecdanism can be integrated into an existing projed (at least, if the flexible-method-dispatch
framework has been implemented in the correspondng programming language) with littl e eff ort.
Client code that needs to use the flexible method dispatch, must invoke methods via the
perform -method of Activity Sets, instead of diredly cdling methods on the correspondng
clases or objeds. Known drawbadks are the worse performance compared to the static
dedaration system of Darwin, and the missng type-safety at compil e time (type-safety is asaured
a runtime only).

The Dispatchers we first encountered in Sedion 2.3 can be enhanced to passthe recever Activity
Set (where amethodis invoked) as argument to the dispatch methodperform . The Activity Set
is passed on to the adual method which can use it for subsequent method cdls. This concept
makes delegation possble aaoss independent objeds. We say it is a smulated
delegation—Activity Sets are not integrated in a programming language and therefore must be
passed explicitly when invoking Activities (no implicit “self” parameter; seebelow).
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Compare the foll owing implementation d the perform methodwith that of Program 2.6-1.

Program 2.10-1 Dispatchers with recéver contex (pseudo code) |

public class Dispatcher {
6bject perform(  ActivitySet context, Object[] arguments) {
if (isActivity()) { // invoke retrieved method
return  getActivity().perform(context, arguments);

else { /I get method ref target
return  getDispatcher().perform(context, arguments);
}

}
=

The perform  method passes on the (recaver) Activity Set from Dispatcher to Dispatcher and
finally to a mncrete Activity.

The correspondng modificaion in the perform  method of the Activity Set classis ill ustrated
below (compare to Program 2.7-3).

Program 2.10-2 Dispatchers with recever context (pseudo code) |

public final class ActivitySet {

Object perform(String dispName, Object[] arguments) {
int i=0;
/Il get all Dispatchers with the given name
Dispatcher[] dsps = dd.getDispatchers(dispName);
while (i < dsps.length) { /I iterate over all Dispatchers
Class[] parameterTypes = dsps]i].getParameterTypes();
if (parameterTypes.length() == arguments.length) {
int j=0; /I search for a Dispatcher with a
while (j<arguments.length) { // matching interface; the parameter types
/l must match the types of the given
/l arguments (actual parameters)
if (IparameterTypes[j].isInstance(arguments[j])) {
break;

}

j++;

if (| >= arguments.length) { // found a matching Dispatcher; invoke it
return dspsli].perform(this, arguments);
}

i++;

... I throw error
return null;

}
=

Basicdly this implementation is very similar to Program 2.7-3. We do not pass the recever
objed asfirst argument any more. Instead, with this implementation the Activity Set passes itself
as argument to the correspondng Dispatcher. Pasgng the Activity Set instead of the origind
objed may not make sense if all Dispatchers and Activities come from the same Activity Set, but
it does if some Activities are associated with different Activity Sets. This is similar to the
invocaion of an instance method of a class where we (implicitly) pass the recever obed
(“this’) as argument, but the invoked methods may be defined in the classor any of the dired or
indired base dasss of the objed.

When a method is invoked, the method cal must be delegated to the correspondng classof the
objed where it has been invoked. If norecever is spedfied explicitly, the current objed (“this’)
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is used. All objed-oriented programming languages suppat this “classbased delegation” by
means of the implicit “this” parameter.

For dynamic comporent modificaion it makes sense that objeds of independent classes can also
be combined to units, quite like an objed represents a unit combining the behavior of its class
and its base classs. There is only Lava which has a built-in objed-based delegation medianism
in addition to classbased delegation. Other approaches simulate objea-based delegation by, for
example, using hooks or storing references in the parent objeds of delegation relations.
Simulation techniques and their drawbadks are discussed and summarized in [HARRIS97] and
[KNIES9§]. [KNIES99] summarizes disadvantages of simulation techniques (Pages 6f).

The mandatory static dedaration d parentsin Lava (seethe beginning of this ssdion) may not be
flexible enough for some cases, sinceit requires anticipation for where a hook might be needed.
Thisleals us badk to ou delegation approacd.

Now that the Activity Set where a Dispatcher is invoked (the recaver) is passed to the Activity,
we can invoke other Dispatchers on the same Activity Set from within that Activity. In this case
the Activity Set has the same meaning for dynamic method cdls acoss different objeds as the
implicit parameter “this’ has for static method cdl s acossdifferent classes.

\Program 2.10-3 Delegation acrossdifferent objeds (pseudo code) \
/I add all methods of MyPoint to a new Activity Set: setX, setY, getX,...
MyPoint p = new MyPoint(); // a point object
Integer z = new Integer(17); // the z-value which extends p to a 3D point
ActivitySet a = PCCRegistry.getOrCreateActivitySet(p);
a. addActivity( /l add new method "setZ"
new  BoundActivity("setZ", new Class|[] { Integer.class Lz ){
public Object doPerform(ActivitySet a,
Object[] args) /I executed when the method
/l'is called
( (Integer)obj).set((Integer)args[0]);
return null;
}
}; .
a.addActivity( /l add new method "getZ"
new BoundActivity  ("getzZ", new Class[] {}, z ){
public Object doPerform(ActivitySet a,
Object[] args) /I executed when the method
{ /I is called
return obj;
}
}; .
a.addActivity( /I add new method "setXYzZ"
new BoundActivity  ("setXYZ",
new Class]] { Integer.class, Integer.class, Integer.class 1
z ){
public Object doPerform(ActivitySet a,
Object[] args) /I executed when the method
{ /l'is called
a. perform( "setX", new Object[] {args[0]} );
a. perform( "setY", new Object[] {args[1]} );
((Integer)obj).set((Integer)args[2]);
return null;
}
D;
a.perform( "setZ", new Object[] {10} );
Integer result = (Integer) a.perform(  "getZ", new Object[] {} );
a.perform( "setXYZ", new Object[] {10, 20, 30} ;
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In this example, we extend an Activity Set by an Activity from another Activity Set in order to
show the value of the flexible method dspatch. As basis for this example we use dassMyPoint
of Program 2.2-5 (Page 14), and the Activity Set client code of Program 2.7-4 (Page 29).

In this example we introduce our own Activity-class BoundActivity . As oppaed to
instances of classActivity , aboundActivity isassciated with a particular objed. This objed
is passd as additional argument (z) to the BoundActivity constructor and is stored as
member variable obj . The method getOrCreateActivitySet credaes an Activity Set and
initi ali zes it with Activities for the methods of p. Instances of BoundActivity are creged and
added to the Activity Set for ead method of p, as oppacsed to Program 2.7-1 where instances of
classActivity were alded.

We explicitly add the methods setZ , getZ , and setXYZ to the Activity Set a. Although point
p has only two dimensions (x, y) and the z-parameter is stored in a separate objed, the
asociated Activity Set a can be used as 3D-point. We say, it smulates a 3D-point. Dispatcher
cdls are either delegated to Activiti es associated with the original objed p (setX , setY ) ortoa
boundActivity added explicitly to the Activity Set (setZ ).

As long as our objeds or comporents are used through Activity Sets, we or users of our
comporents have the flexibility to modify the functionality at runtime withou the neel to
recompil e and reload the arrespondng client code.

Note that we used an argument array in this example, but in a concrete implementation of this
concept we may rather use an argument list classwhich suppats named parameters. In addition
to that, we can introduce convenience methods to make the use of the flexible method dispatch
easier.

Y ou find more information abou delegation and its integration in the framework introduced in
thisthesisin Sedion 4.6. Also relevant are Sedions5.4and 6.1

2.11 Prioritized Flexible Method Dispatch

Now let us take a closer look at parent/chil d-relationships between Activity Sets. We know that
an Activity Set can aqquire (dynamicdly inherit from) other Activity Sets, just like a classcan
inherit from other classes.

* .
V <<parent>> acquire

:ActivitySet

* <<child>>

Figure 2.11-1 Parent/child relationship

This relationship can be used to switch between different implementations of the same kind of
service Thisincludes particular operations or whole objeds or componrents.

To illustrate this ideg we take the example of Figure 2.2-5 and adapt it dlightly. Instead of
classes and their instances, we use the correspondng Activity Sets. We asume that the class
Shape as2ciated with the Activity Set shape contains only the data structure for a particular
shape. It has methods for setting and getting its position, extent, etc., but no method for
displaying the shape on the screen.
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list of parents
(acquired Activity Sets)
:Arrayl ist list of parents
0 (acquired Activity Sets
shape: ActivitySet 14 =~ simplePainter: ActivitySet  [p—s=| :Arraylist
) @ —: A ) 0
Point getPos() =] 2 \ void draw() ;
Point getExtent() . N Point getExtent() n. 1
borderPainter: ActivitySet ; :Arréyrrsr .
n-1 = q
void draw() .
Point getExtent() nl 1
converters: ActivitySet ‘_ Aoyt

boolean exportTo(...)

Figure 2.11-2 Prioritized acquisition

Using Activity Sets, we can dynamicdly enhance shape by additional functionality. We may
provide severa painters to display Shape objeds on the screen. Each painter implements the
method draw which does the adual job. We let the Activity Set shape aaquire our painters,
respedively their methods. Additionally we aqquire a converter which provides functionality to
export the shape to agraphicsfile.

Note that an aqquisition relationship all ows multi ple parents, therefore acdl of acquire addsa
new parent, and daes not replace goreviously aaquired parent.

\Program 2.11-1 Acquisition d Activity Sets (pseudo code) ‘
ActivitySet shape = PCCRegistry.getOrCreateActivitySet( new Shape() );
ActivitySet simplePainter = PCCRegistry.getOrCreateActivitySet(
new SimplePainter() );
ActivitySet borderPainter = PCCRegistry.getOrCreateActivitySet(
new BorderPainter() );
ActivitySet converter = PCCRegistry.getOrCreateActivitySet(
new Converter() );
shape.acquire(  simplePainter );
shape.acquire(border Painter );
shape.acquire(  converter );

For eat Dispatcher of the acquired Activity Sets (parents), a Dispatcher is added to shape . We
can then invoke, for example, the Dispatchers draw and exportTo on shape , even if the
classShape does naot provide the correspondng methods. When such a Dispatcher is invoked,
the cdl is delegated, following the correspondng Dispatchers to the Activity Set which has the
adua (boung Activity. Finaly the static method associated with the boundActivity is invoked
onthe wrrespondng objed.

In our case, we have two painters and therefore we get a name clash with the draw Dispatchers.
We could remove one painter, but we assume that one painter reuses Dispatchers or more
predsely the associated Activity and static method d the other, and therefore bath are required.

To cope with this problem, the parents, respedively their Dispatchers, are ranked. The ranking of
a parent is determined by its position in the list of parents. We say, Activity Sets with a lower
index have ahigher priority.

In order to give borderPainter , respeaively its Dispatchers a higher priority in shape , we
can use any of the foll owing statements:

‘ Program 2.11-2 Setting the focus to barderPainter (pseudocode)

shape.moveTo(borderPainter, 0);
borderPainter.setFocus();
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Both statements lead to a new ranking in the list of parents of the Activity Set shape . In contrast
to moveTo, a cdl of setFocus gives borderPainter the highest ranking in al its
(aaquisition) children, and nd only in shape .

list of parents
(acquired Activity Sets)
Arraylist list of parents
0 (acquired Activity Sets
N
shape: ActivitySet 1 - = simplePainter: ActivitySet @ — Aralist
. ‘— . 0
Point getPos() =] ZA\ void draw() .
Point getExtent() 3\ Paint getFxtent() n- 1
borderPainter: ActivitySet @ — Aralist [—
n-1 = 0
void draw() :
Point getExtent() n; 1
converters: ActivitySet ‘_ Prroyetor
0

boolean exportTo(...)

n-1

Figure 2.11-3 Prioritized acquisition (2)

When we invoke the Dispatcher draw on shape , the cdl is delegated to borderPainter
rather than to simplePainter now. When we invoke the Dispatchers exportTo , thecdl is
delegated to converter  as before, since nore of the higher priority Activity Sets provide the
correspondng Activity.

For broadcasts, that is when requests are delegated to two or more Activity Sets, the order in
which the adual methods are exeauted is determined by the ranking of the Activity Sets in the
list of parents. In order to suppat broadcasts, we have to make some enhancements to the
Dispatcher class

\Program 2.11-3 Dispatcher implementation (pseudo code) ‘

public class Dispatcher {

Object broadcast(ActivitySet a, Object[] arguments) {

if (isActivity()) {

return getActivity().perform(p, arguments); // invoke retrieved Activity
}
else {

inti;

for (i=0; i < dsps.size(); i++) {

((Dispatcher)dsps.get(i)) .perform(p, arguments);

return null;

}
}
'r;'rivate Activity a;
private ArrayList dsps;

}

The most relevant changes are the list of (parent) Dispatchers instead of a single Dispatcher, and
the new broadcast methodwhich delegatesto ead Dispatcher in thelist (cf. Program 2.6-1).

2.12 Containment Hierarchy

Besides the posshility of ordered aayuisition (dynamic inheritance) and delegation, we may need
to groupActivity Sets, like dasss can be grouped through name spaces. For that reason, Activity
Sets have apath instead of only aname. See &so Sedion 5.3,
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shapePainters: ActivitySet textPainters: ActivitySet
simplePainter: ActivitySet simplePainter: ActivitySet
void draw () void draw()
Point aetF xtent() Point aetExtent()
borderPainter: ActivitySet borderPainter: ActivitySet |
void draw() void draw()
Point getExtent() Daint neotEvtent()
highlighter: ActivitySet [~
void draw()
Point getExtent()

Figure 2.12-1 Activity Set hierarchy

In this example, we have two Activity Set groups: shapePainters  and textPainters

The correspondng paths are “|ShapePainters 7 and “|TextPainters ”. We use charader
“I" as path delimiter to avoid confusion with file paths (“/”, “\") or operators “.” and “->". The
group shapePainters contains the two Activity Sets simplePainter and
borderPainter . The group textPainters contains the Activity Sets highlighter ,
simplePainter and borderPainter . The latter two are identicdly named but different
from those of shapePainters

The given Activity Set tree results in following Activity Set paths. “|ShapePainters :
“|ShapePainters|SimplePainter “|ShapePainters|BorderPainter

“|TextPainters , “| TextPainters|Highlighter ", etc.
The path of an Activity Set can be set asfoll ows:

\Program 2.12-1 Setting the path (pseudo code)

borderPainter.setPath( "|ShapePainters|BorderPainter” );
borderPainter.setContainer(shapePainters);

Both statements are equivadent. shapePainters beomes the container of
borderPainter . Once geded, the Activity Set can beretrieved from the registry as foll ows:

Program 2.12-2 Setting the path (pseudo code) |

ActivitySet borderPainter =
PCCRegistry.getActivitySet( "|ShapePainters|BorderPainter” );

Activity Set groups have only one purpose: to distinguish between semanticdly similar Activity
Sets with the same name, but different behavior. They are ordinary Activity Sets and therefore
they can also aayuire their nested Activity Sets (such with subpeths), which we cdl elements.
However, by default, containers do not automaticdly aqquire their elements. They may provide
their own Activities. The path is stored as member of the ActivitySet class We use the
terms container and elements for containment relationships, in order to avoid confusion with the
terms parent and children used in delegation rel ationships.

2.13 Remarks

So far, we have seen how method dictionaries (Smalltalk) and v-tables (C++/Java) work, what
delegationis and how it can be redized. We aso leaned abou the Darwin model, its delegation
concept, and its redi zation in the programming language Lava.

We have introduced a new message dispatch mechanism that gives a certain level of flexibility,
but requires a different way of method invocaion (more predsely, dynamic method invocation)
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compared to ordinary method cdls. To leave existing code unchanged, a code generation tool
could be provided which merges functionality or code into existing classes or comporents. This
has some drawbadks:. the code generator must replaceevery single methodcdl by adynamic one,
which is error-prone unlessthe code-generator includes a perfed source-code parser, or the code-
generator is perfed, and thus expensive and slow; the code generator must be invoked for your
original source @de dter ead change. Ancther way is to integrate the dispatch medhanism into a
programming language, respedively a compiler. An approach for dynamic comporent
modificaion and integration into a JAVA -based language is shown by Kniesel G. in Type-Sde
Delegation for Run-Time Comporent Adaption [KNIES99]. The paper resumes in avery detail ed
way the advantages and issues of dynamic comporent modificaion and delegation through
objed-based inheritance

With resped to the classficdion in Sedion 2.2.5 the flexible method dispatch presents an
approadh to unanticipated, dynamic, seledive, wrapper-based, objed-preserving componrent
modification, quite like the Darwin mode. With this approach we need not anticipate possble
future requirements for enhancements of our comporents, since modificaions are generaly
possble at runtime. Therefore this approach is dynamic and unanticipated. It is also seledive,
becaise with boundActivities an Activity Set is associated with particular objeds rather than
with a class On the other hand, Activity Sets can aso be used with unboundActivities only, and
therefore the concept is also suitable as classbased (global) approadh. The approad is wrapper-
based (Activity Sets can be wrappers for objeds or comporents). The adapted wrapper can
coexist with the original comporent, or replaceit. There can also be many wrappers of the same
objed or comporent at the same time.

Let use resume some other aspeds of the flexible method dspatch introduced in this thesis.
The advantages of the flexible method dspatch are:
v Dynamic modificaions

wMethod objeds (Activities) can be added and removed at runtime, while amost no
reorganization of Dispatcher dictionaries is necessary for subclasses after adding or
removing method oleds to/from a parent obed.

In contrast, v-tables (like in C++ or Java) are static and the entries have static indices,
a method has the same index in the v-table of derived classes as in that of the base
class reorganizing the related v-tables of derived classes after changing entries in the
base class would be very time-consuming at runtime; parts of v-tables of derived
classes have to be moved acardingly, if a base classgets a new method. SeeFigure
2.2-2.

Smalltalk method dictionaries need no reorganization at al after such a change, since
the base class methods are only referenced in the base-class method dictionary.
However, for looking up a method, the class hierarchy must be seached for the
method, which is time-consuming at runtime. A method lookup cade optimizes the
message dispatch drasticdly (acording to [KRASN84], an appropriate method cade
can have hit ratios as high as 95%, reduce method lookup time by fador 9, and
increase overal method system speed by 37%).

With the flexible method dispatch, Dispatcher dictionaries only keep indired
references to method objeds (Activities). When an Activity is added to an Activity
Set, al delegation children get Dispatchers to the correspondng Dispatchers of their
parents.

SeeProgram 2.5-1 and Program 2.7-4 for Dispatcher dictionary and references.

wWith boundActivities (see Program 2.10-3), functionality can be added to an Activity
Set, dthough it is defined in anather: boundActivities store a reference to its asciated
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Activity Set, respedively its provider. This way, an Activity can aways access the
environment (Activity Set) where they are deployed, and the environment, where they are
creded (the Activity Set of the original provider).

WALctivities, respedively their Dispatchers can be wrapped dynamicdly, aspeds can be
added to Dispatchers. code can be added before and/or after the original method code by
wrapping it. SeeProgram 2.8-1.

Efficient dynamic methodlook-up

WA method objed (Activity) respedively Dispatcher only needs to be looked up in the
Dispatcher dictionary of an objed’s associated Activity Set, and nat also in its parents
like in the Smalltalk methodlook-up agorithm. We follow Dispatchers, starting with the
looked-up ore until we get an Activity. SeeProgram 2.4-1.

wSeach of Activities in parents is dore through diredly linked Dispatchers. See Program
2.4-1 and Program 2.6-1.

wThis solutionis not as fast but more dynamic than v-tables where methods are looked up
with their integer index creded at compil e time.

wit is more efficient than message interpreters of Oberon where message is chedked for its
type with WITH-DO clauses. The message type cheding has runtime complexity O(n) ,
where n is the number of types to be chedked. In contrast to that, the lookuptime of the
flexible message dispatch is constant.

Dynamic reorganization of acquisition (dynamic inheritance) relationships. An Activity Set
can aayuire or discard another at any time. SeeProgram 2.11-1.

Activity Sets can be dynamicdly grouped by setting their path adequately, or by setting the
parent path.

Ordered multi casts (broadcasts) and other speaal dispatch strategies can easily be redized
(like in the message objeds of Oberon), respedively are even included in the dispatch
mechanism. (Bound method objeds can be added to an Activity Set even if they belong to
others. All added Activities can be readed through Dispatchers. A Dispatcher may colled
all its descendants and cdl perform for ead.

Activities can be padkaged with arguments and invoked later on. You find this fedure also
in the Oberon message interpreter medanism.

Delegation through passd reference to the recaver. The scope (the Activity Set) where an
Activity originally was requested can be passed through the involved Dispatcher chain and
can be used for subsequent requests; different objeds can use the same Activity Set; the
concept provides a mmmon “this’ for instances of independent classes.

Encapsulation of the distribution of comporents. Activity Set contents can live behind
interfacestandards such as COM, XMLRPC, etc., but these interfaces can be hidden to the
developer for convenience comporents and operations from various sources can be
attadhed and asociated with Activity Sets dynamicdly.

Hooks for method cdls. Listeners can be attached to Dispatchers. They are natified before
and after an Activity is requested, respedively a correspondng Dispatcher is invoked. See
Program 2.9-1 and Program 2.9-4.
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v Method state suppat. Since methods are represented by objeds, more predsely Activities,
they can be enhanced by feaures such as states—typicd states are “Enabled”, “Disabled”,
etc. For example, beside method perform  the Activity classcould provide a method
getState  to retrieve the current state, and a method stateChanged to natify listeners
of changes. States can be set and switched at any time. They may depend on fadors such as
given applicaion licenses (full version, demo version), etc. Activities may have different
behavior depending on the state. Common objed oriented programming languages do not
suppat such afedure.

Disadvantages are:
v Increased memory foaotprint for Dispatcher dictionaries

wCompared to Smalltalk method dictionaries, additional entries for Dispatchers of parents
are necessry in Dispatcher dictionaries of children.

wCompared to v-tables, Dispatcher dictionaries are lessmemory-efficient. Dispatchers are
stored in dictionaries with strings as keys, insteal of flat, memory-saving method pointer
arrays. V-tables also contain method pointers of base classs like the optimized
Dispatcher dictionaries, bu aflat array isaways snaller.

wThere neeads to be an Activity Set for ead objed or comporent where the flexible
method dispatch is applied. To avoid massve memory consumption it is reasonable to
useit rather for comporents than for ead small objed.

v Slower than v-tables. Dispatchers have to be looked up in dictionaries using their name,
respedively the hash-code of the name, as key. It depends mainly on how much time the
look-up of a Dispatcher name takes. The time for resolving Dispatchers is not relevant
(following the Dispatcher chain to a concrete Activity). In v-tables, the index representing a
method is cdculated a compil e-time; method look-up is only the access to the method
pointer at an index in the arrespondng v-table.

v The static interfaceof a classdoes nat refled which messages can be handed by instances
of the class It is difficult to redize at compile time which objeds are related through
message forwarding at runtime.

v Invalid dynamic method cdls are not reagnized at compile time, as oppased to static
methodcdls.

In contrast to the proposed solution (indired references), a less time-consuming solution is to
store references to the Activities of parents diredly in the Dispatcher dictionaries of the chil dren,
similar to v-table-approac.

However, in the case of a v-table-approad, method indexes have to be recdculated. Parts of v-
tables of derived classes must be moved when a methodis added or removed in a base class For
example, if the methodclone isadded to the base classObject , a painter to this method has
to be added to the v-table of MyPoint aswell asto thase of al other derived classes. The tricky
thing is that the new method must be added to the v-table of MyPoint at the end of the sedion
that comes from Object and before the pointers to the methods implemented diredly in
MyPoint . It gets even more complicaed, if multiple inheritanceis suppated (which we use for
multi casts). In this case, it must be ensured that a method that is inherited from more than one
base classgets the same method index in the v-tables of al related classes. SeeFigure 2.2-2 for
an owverview of v-tables.

Also, like v-tables, Dispatcher dictionaries of al child Activity Sets have to be reorganized,
when an Activity is added to a parent. The difference is, that the positions of Dispatchers in
Dispatcher dictionaries are not relevant, since they are looked up via nhames and not via pre-
cdculated indexes.
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When using dired references or pointers to methods (such as v-table method pointers), the
method look-up may be slightly faster (for inheritance depth > 1) than with indired references,
but theimpad isonlyn x <time for a method call> (seeProgram 2.4-1), wheren is
the inheritance depth of the aurrent class

With our approad, client code can attad li steners to Dispatchers at ead indiredion level, which
allows clients to be natified whenever an Activity on a spedfic classis invoked. This is useful
for tradng cdls or adding aspeds from diff erent sources.

Finally, the flexible method dispatch enables del egation aaossindependent objeds, and dynamic
comporent modificaion, using Activity Sets, Dispatchers, and boundActivities. Each Activity
of an Activity Set may be boundto a different objed. In fad, in PCoC, eadh Activity isin any
case boundto an objed. There are no unboundActivities. That is, they are always used on objed
level (seledive gproad), rather than onclasslevel (global approad).

Like .NET delegates, Dispatchers can be used for multicasts, and for forwarding to methods (in
our case through Activities) of different objeds or clases.

Nevertheless there ae still some open isaues. The performance and memory-consumption can be
improved through better implementations. The current implementation as framework isused in a
productive environment (for a commercia applicaion), and will be reworked in order to get
cleaner code. The dispatch mecdhanism could be integrated in a programming language in order to
make it easier to use.

The foll owing sedions give adetalled insight in haw these mncepts are deployed.
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3 PCoC Terms

This sedion explains esential basics of PCoC for better understanding its usage as shown in
Chapter 4, Using PCoC.

3.1 Overview

An applicaion can basicdly consist of interadive and nornrinteradive parts—so-cdled
comporents.

In the context of this thesis, we use the term Tod for interadive comporents of (G)UI
applicaions. A Tod provides a user interface(expeds user interadion) and operations which we
cdl Activities. For example, aword processor comporent can be aTodl.

Tods nead Materials to work on. For this resson we use the term Material for containers of
Activity arguments and return values.

The meanings of the terms Tod and Material are quite similar to those of the WAM-metapha.
WAM stands for Werkzeug-Automat-Material (Tool-Automaton-Material). See[ZULL1G98].

Note that the term Tod is used for many diff erent things in other sources. People use it for whole
applicaions (grep tod, shell tod, image manipulationtod), for objeds (a seleded brush, pen, or
crop utility in an image manipulation program), and also for very basic things such as the mouse
CUrsor.

The nortinteradive componrents of PCoC applications are cdled Service Providers. For example,
a comporent providing file system functionaity (moveFile , openFile, etc. ) via
Activities is a Service Provider. Both, Tods and Service Providers are so-cdled Activities
Providers—componrents which expose apart of their functionality as Activities.

The foll owing sedions describe PCoC terms and their meanings, and diff erences to definiti ons of
the WAM-metaphar.

3.2 Activities Providers

3.2.1 Overview

An Activities Provider isacomporent providing its functionality via Activities. The figure below
illustrates how PCoC classs are related to ead ather; the aanaations explain the resporsibiliti es
of the framework classes.

The classes highlighted in grey are those implemented by the comporent developer: Service
Providers, the services they provide, and Simple Todls. A Combined Tod is a generic class and
iscreaed and initialized by PCoC depending onthe configuration. SeeSedion 4 for detail s.

The Activities, Dispatchers, and dynamic containment and acquisition information of an
Activities Provider are kept in its Activity Set which is creaed when the Activities Provider is
initiali zed.
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Figure 3.2-1 Activities Provider Architedure

Seethe sedions below for definitions of Todl, Service Provider, Activity, Dispatcher, and Task.

3.2.2 Class(es)
The correspondng classis PCCActivitiesProvider

3.3 Activity Sets

3.3.1 Overview

An Activity Set is an objed providing a set of operations cdled Activities, their Dispatchers
(which delegate requests for invoking Activities to the correspondng Activity Sets), and a
correspondng lookup medchanism for Activities and Dispatchers. It is often assciated with an
Activities Provider (see abowe). Activity Sets are distinguished by their path (for example,
“|AIB™).

This concept is useful for bullding aqquisition relationships, and for groupng semanticaly
related olgeds or componrents. See &so Sedion 2.4and Sedion2.12

Activity Sets are added automaticdly to a registry. The registry is redized as a singleton class
PCCRegistry . It can be used to look up Activity Sets (using their path), and their associated
Activities Providers.

3.3.2 Class(es)
The orrespondng classis PCCActivitySet
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3.4 Tools

3.4.1 Overview

A Tod is an Activities Provider which expeds user interadion. Todls provide a spedfic objed
as visual representation, for example a JComporent in Java. The main functionality (operations
on chta, algorithms, etc.) is diredly implemented in the Todls class

In the WAM-metaphar, the term Tod can, for example, stand for a notepad or organizer
application. In the context of this thesis, Tods are rather thase parts of applicaions that adually
provide the functionality. As in the WAM-metapha, [ZULLI1G98], Page 280, Simple Tods can
be combined to more complex Todls, which are then cdled Combined Todls.

Tool component .

provides
<<Tool class> | andparforme
Adivities
SRR B ¥
1
v vi
<<Activity Set>> <<GUI representation>>
NN

namingsavicead . exiding PCoC-
oortext, hddngan independant coporart,

AdivitiesProvider's for exanplea

oparatiors (Adivities) JCoporent in Java
for Shing
coyplingandoortra
of conporats

Figure 3.4-1 A Tod

Figure 3.4-1 depicts the rel ationships between some dasss that form aTod.

3.4.2 Examples
Figure 3.4-2 shows what Todslooklike in the context of PCoC and this thesis.

Application

Tools

\. W,
Figure 3.4-2 A PCoC apgication

Toads can be compaosed to more complex Todls. The foll owing figure shows a typicd Combined
Tod (ProjectManager ) containing some Simple Todls.
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ProjectManager: CombinedTool

:ProjectBrowserTool j :FileSelectionTool
\ |

— —

\. V. Wy,
Figure 3.4-3 A Combined Todl

ProjectBrowserTool and FileBrowserTool are Simple Tods—they are dasses
(diredly or indiredly) derived from PCCSimpleTool . Combined Tod isageneric dassnot
subjed for deriving subclasses. Instances, such as ProjectManager , are aitomaticdly
generated from configurationfil es.

Simple Tods can also contain other Simple Tods, but they are nat generated automaticaly in
contrast to Combined Tods. Composition must be dore in source code. This may be solved
differently in ather frameworks.

3.4.3 Class(es)

The correspondng classes are PCCSimpleTool and PCCCombinedTool .

3.4.4 Remarks
Chapter 4, Using PCoC, explains Todls and their coll aborationin more detail .

3.5 Service Providers

3.5.1 Overview

Services, such as file system functionality, can be redized as Service Providers. A Service
Provider is a noninteradive Activities Provider, as oppcsed to Toadls. It exposes services via
Activities.

It is basicdly implemented like a Toodl, except that it does not provide a spedfic GUI
representation objed. Figure 3.5-1 depicts the relationship between some classes that form a
Service Provider.
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Figure 3.5-1 A Service Provider

3.5.2 Class(es)
The worrespondng classis PCCServiceProvider

3.5.3 Remarks

Chapter 4, Using PCoC, describes a sample implementation and configuration of a Service
Provider.

3.6 Activities

3.6.1 Overview

Activities are operations provided by Activities Providers (Tods, Service Providers). An Activity
isimplemented as classandistreaed asfirst classobjea by PCoC.

Activities correspond to bound method objeds as described in Sedion 2.10 (Program 2.10-3).
An Activity can be instantiated by an Activities Provider, and can subsequently be performed. A
single method (doPerform ) of an Activity implements its adual functionality. See Program
4.2-3.

Activities can be retrieved, and added to and removed from Activity Sets at runtime. Thisis an
enhancement to Javarefledion, which suppats retrieving of methods at runtime, but not adding
them to oljedsat runtime.

Activities suppat different states, including “Enabled” and “ Disabled”.
Detail ed concepts and examples of Activities are described in the following sedions.
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Figure 3.6-1 Activity relationships

This picture ill ustrates how Activity Sets, Activities, Dispatchers, and Tasks are related to eat
other. Seelater in this chapter for definitions of the terms Dispatcher and Task.

3.6.2 Class(es)

Base classfor al kinds of Activities is PCCAbstractActivity . Concrete classes must be
derived from PCCSingleActivity or PCCMultiActivity which are both derived from
PCCActivity . A PCCSingleActivity represents a single operation, e.g. moveFile to
move afile in a file system. PCCMultiActivity represents a group of Activities with the
same interface e.g. showRecentFile  to reopen arecantly opened file in a proper Tod. The
Activities of thisgroupare accesed with an index.

Note that there are other classes derived from PCCADbstractActivity which semanticdly
differ from single and multiple Activities. Examples are PCCDispatcher and PCCTask (see
Figure 3.6-1).

3.6.3 Remarks

Do not confuse PCoC Activities with COM+ Activities. In the context of COM+, respedively
Microsoft Transadion Server (MTS), Activities are logicd threals running aaoss different
madhines. They are used for cooperation of COM+, respedively MTS objeds. See also
[STALO1], Page 291.

3.7 Materials

3.7.1 Overview

In [ZULLIG98], Page 86, Material is defined as an objed, which can be an element in a
container, and on which Toadls can operate in a working environment. For example, documents
and files are considered as Materials. We agree with this definition, although the term is more
limited in this thesis (seebelow).

According to [ZULLIG98], on Page 89, an objed hading Materials is defined as a container,
therefore an argument list would be a ontainer.
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In the context of thisthesis, aMateria isalist of arguments passed to Activitiesor alist of return
values provided by them. A Material can also contain other Materias, but thisis an exception to
the rule. Usually, a Material is just a container and something that a Tod can operate on. An
Activity (for example cut ) of a Tod can only be performed with a speafic Materia type (the
parameter types must match the Activity interface.

3.7.2 Class(es)
The correspondng classis PCCMaterial

3.8 Dispatchers

3.8.1 Overview

One of the most relevant concepts of PCoC are Dispatchers. A Dispatcher forwards or delegates
requests for the invocation of a speafic type of Activity to Activities Providers. Dispatchers are
used for comporent coll aboration and within Tasks. A set of diredives speafies how to forward
requests, e.g., as sngle or multicasts.

Dispatchers correspondto indired method references as described in Sedion 2.4. Figure 2.4-2
ill ustrates rel ationships between Dispatchers, Activities, and Activity Sets.

Dispatchers are simil ar to the Microsoft .NET delegates (type-safe method-pointers). SeeSedion
6.7.5 The main difference to delegates is that Dispatchers can be used for delegation, whereas
delegates can only be used for forwarding. With forwarding, the objed where a method
originally has been invoked (the recaver) is not known to the method hader (where the method
isadually exeauted), and therefore the method hdder canna use it for subsequent methodcals.

Dispatchers are automaticdly generated when an Activity is added to a comporent, respedively
to its asociated Activity Set, or aqquired from another. Their type safety is ensured at runtime,
whereas the type safety of .NET delegates is ensured at compil e time,

The set of Dispatchers available in an Activity Set builds a kind of method dictionary. A
Dispatcher has a referenceto an Activity (if one with the same name exists in the same Activity
Set), and alist of references to “acquired” Dispatchers (seeProgram 2.6-1). When a Dispatcher is
invoked (for example, by using its perform  method), it gathers all Activities by following the
diredly or indiredly conreded Dispatchers and invokes them, depending on spedfied diredives.
Diredives determine how Activities are invoked. This includes single casts or multi casts. We say
that these Activities arein the dispatch ar aqquisition kranch of the Dispatcher.

SeeProgram 2.6-1 and Program 2.11-3.

3.8.2 Class(es)

The correspondng classis PCCDispatcher . An instance of this classserves as proxy for an
PCCDispatcherimpl objed, i.e. it forwards method cdls to its associated Dispatcherlmpl
objed, which does the adua forwarding to Activities. A referenceto a Dispatcher can be kept,
even if the correspondng Dispatcherlmpl is not available (any more). As soon as the
Dispatcherimpl beames available (after loading or adivating the correspondng Activities
Provider and its Activities), its Dispatcher becomes functional. See5.8.3

3.8.3 Remarks
SeeSedions 5.4 and 5.6 for more detail s abou Dispatchers.
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3.9 Tasks

3.9.1 Overview

A Task isameaningful unit of work, composed of a series of steps that lead to some well -defined
goal. In the context of this thesis, it is a complex Activity compaosed of a series of Dispatchers
including diredives and arguments, and/or other Tasks. Spedfied condtions must be met to
enableit for invocation.

A simple Task is the opening of atext editor comporent with a subsequent loading of atext file
and the positioning of the caet at the beginning of the @mrrespondng text view.

The term Task corresponds to the term automaton of the WAM-metaphar. [ZULLI1G98] defines
the term automaton on Page 89 as a madine that is used to perform a spedfic task. It can
autonamously operate on given Materials. It has precondtions that must be met, and if they are,
then the automaton performs a series of steps to finish the task. Note that the term automatonis
mostly used with another meaning—for state madines (for example, deterministic and non
deterministic finite aitomaton).

The main view of this thesis is not the automatism, which alows performing a Task, but the
Task itself. The ability of autonamously exeauting a Task is a fedure of a Tod or Service
Provider in the mntext of this thesis, rather than a separate operative objed (automaton).

3.9.2 Class(es)
The correspondng classis PCCTask.

3.9.3 Remarks

Seealso Sedion 4.5for usage of Tasks, and Sedion 5.7 for more detail ed concepts of this design
element.

3.10 Case Insensitivity in PCoC

Activity, Dispatcher, and Activity Set names are always handed case insensitively. This is for
the convenience of framework users. No one intuitively distinguishes, for example, between
copy , Copy, and cOpy, even if most programming languages force developers to dothat.

Activity Sets and Activities can be looked upcase-insensitively. For example, an Activity creaed
with name “cOpy” can be looked up as “copy”. All Activities with the same case-insensitive
name in the system must have the same interface (argument and result types) at runtime. If an
Activity with name “Copy” and runtime interfacevoid Copy(Selection) is added, and
another Activity “cOpy” with interfacevoid cOpy() , an error will be thrown.
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3.11 Class Hierarchy
Figure 3.11-1 shows the hierarchy of PCoC classs.

Object

— PCCADbstractActivity

— PCCACctivity

— PCCSingleActivity

— PCCMultiActivity

PCCDispatcher

PCCDispatcherimpl

PCCTask

— PCCActivitylnterface

— PCCMaterial

— PCCDirectives

— PCCActivitiesProvider

— PCCSimpleTool

— PCCCombinedTool

— PCCServiceProvider

— PCCActivitySet

Figure 3.11-1 PCoC classhierarchy
These dasses are named as described in Chapter 3, where detail ed explanations to these dements
are provided.

Note that all PCoC classes have the prefix “PCC’. In most of the figuresin this thesis the
prefixes have been amitted for simplicity.
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4 Using PCoC

This chapter describes the implementation and customization d comporents based onPCoC.

4.1 Overview
PCoC comporents can be eaily creded in afew steps:

v Derive a class from a small base class For interadive comporents (comporents with
graphicd user interfacg derive from PCCSimpleTool , and for norninteradive
comporents from PCCServiceProvider . SeeSedion4.2

v Set upaset of Activities. SeeSedion4.3.
v Use Dispatchers or Tasks to invoke Activities. SeeSedions 4.4and 4.5,

4.2 The First Tool

Program 4.2-1 and Program 4.2-3 show a first Smple Tod. The class SimpleTooll  derives
from PCCSimpleTool , overriding makePresentation  to return avisual representation of
itself. All presentation oheds of PCoC Todls currently require Java Swing (respedively ET++ in
C++4). In this case a JScrollPane containing a list of four strings is displayed.
makePresentation is sbjed to be overridden by ead Smple Tod.

‘ Program 4.2-1 SmpleToadl 1.java (1) ‘

package examplel;
import pcoc.tools.*;
import javax.swing.*;

/** A Tool providing and displaying a list of strings.
*/

public class SimpleTooll extends PCCSimpleTool {
JList fList;

/** Constructor. Base classes do some initialization.
*/
public SimpleTooll() {}

[** Set up the Tool's GUI
* @return A JComponent representing the GUI of this Tool
*/
public JComponent makePresentation () {
String[] data = "Hello World!";
fList = new JList(data);
return new JScrollPane(fList);

}

[** Set up the Tool's Activity Set which holds and manages an
* Activities-Provider's Activities.
*
protected void setupActivitySet 0{
super.setupActivitySet();
addActivity(new ClipboardPasteActivity()); /I add an Activity and set this
} /I as its provider (fProvider)

setupActivitySet instantiates and adds Activities (operations) to this Activities Provider.
In this case we add an instance of ClipboardPasteActivity . See Program 4.2-3 for the
implementation d this class
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do

\Program 4.2-2 SmpleToad 1.java (2)

/** Do some extra initialization. doActivate is called after basic

* initialization of the Activities Provider. */
public void doActivate () {
... Il do something, for example synchronize data models between siblings

}

/** Do some extra deinitialization. doTerminate is called before basic
* deinitialization of the Activities Provider. */
public void doTerminate () { ... // do something }

Activate  and doTerminate can be overridden to perform required tasks in the startup

and termination phase of a comporent. Examples for required tasks are data synchronization,
sharing of data, adding referencesto aher objeds, or removing references.

\ Program 4.2-3 SimpleToal 1.java (2) \

[** A concrete Activity which is an implementation of a specific operation-in
* this case paste from clipboard.
class ClipboardPasteActivity extends PCCSingleActivity {
/** Activity constructor. It sets the "dynamic" type of this operation.
* Type declaration: name "clipboardPaste”, category "Edit",
* result type (void: "), parameter types (void: ")
ClipboardPasteActivity() { super(“clipboardPaste", "Edit", ", "); }

/** Perform an Activity. It throws an exception if an unexpected error
* occurs during its execution.
* @param si Sender and receiver context (involved Activity Sets)
* @param arg The argument list provided for the execution
* @return The result(s) of the performed Activity
*/
protected PCCMaterial doPerform (PCCSenderinfo si, PCCMaterial arg)
throws PCCPerformException {
String str = Clipboard.getAsString(); // add clipboard content
if (str = null && !str.equals(™)) { // to list
((SimpleTooll)fProvider).addElement(str);

return null;

}

/** Get the current state; is triggered by a direct call of update or
* indirectly by a call of updateActivity of the provider of the Activity.
* @return The current state of this Activity
*/
protected String doGetState () {
return defaultState(true); // is always " Enabled" in this case

}

... Il other Activity classes
}// end of SimpleTooll

Program 4.2-3 shows a simple implementation of an Activity. In the constructor, we spedafy its

“dynamic” type (its name, caegory, and interfacg. The dynamic type of Activitiesis described in

Sedion4.3.4

doPerform implements the core functionality of this Activity defined in the context of the
comporent in Program 4.2-1. It is the most relevant method and must be overridden. It is cdled

indiredaly when we cdl the perform  method d this Activity.

The PCCSenderinfo objed hads references to the Activity Set where the Activity has been
invoked (the recaver), and to the cdler (the sender). The recaver is nat necessarily the Activity

Set where the Activity finally is exeauted. The structure usualy isfill ed by PCoC.



4.2TheFirst Tod 57

doGetState returns the current state of this Activity. This method must also be overridden. It
can return any state represented as a string. For the most common states, there are predefined
methodk: defaultState(bool) , disabledState() (corresponds to
defaultState(false) ), enabledState() (corresponds to defaultState(true) ).
In the disabled state an Activity is not exeautable, i.e., doPerform  will not be exeauted when
the Activity is invoked. In the enabled or ancther state, the Activity is exeautable, i.e., acdl of
perform will | ead to an invocaion d thedoPerform  method.

Note that in the given example, an Activity is explicitly defined. There are easier ways to creae
Activities. Seethe following code fragment.

\Program 4.2-4 Semi-automatic generation d Activiti es \

public class SimpleTooll extends PCCSimpleTool {
protected void setupActivitySet() {
super.setupActivitySet();

addActivity( "doPaste", "getPasteState" );
}
void doPaste(String, String) {.}
String getPasteState() {.}

With this code fragment, an Activity is implicitly creaed by the framework, and added to the
Activity Set of SimpleTooll . The framework uses the Java re