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Abstract

Coordinators are mechanisms for explicitly specifying the important message traffic between groups of
interacting objects and subsequently monitoring, intercepting, and massaging this message traffic to ensure
proper communication. In general, they are useful in applications that require monitoring, statistics
gathering, and coordination. Nevertheless, they were designed primarily to solve some outstanding problems
in user-interface classes that hinder reusability.

Coordinators provide an explicit description of the important message traffic enabling users to quickly
understand the important interaction messages. It replaces the changelupdate mechanism in the model-view-
controller paradigm with one that makes the change messages more explicit. It permits arbitrary models to
be plugged-in without having to instrument them with “self changed:” messages. It also permits new
interaction structures to be constructed out of simpler building blocks and makes the building blocks more
reusable. For example, it would permit components of complex windows like browsers to be reused in
application specific browsers without having to duplicate the inherent functionality.

1 Introduction

As larger and more complex application libraries are developed, the need for highly integrated communities of
interacting objects will grow. For example, a garage application might need to provide models for the garage itself,
the parts department, the service department, and the repair centre (to name a few). A restaurant application might
need to integrate the reservations desk with the kitchen and food supplies. A better known integrated collection of
objects are the model-view-controller classes in the Smalltalk user interface library. Each of the components in an
integrated community is generally designed to interact with the others (where necessary) through a specially designed
protocol,

A major problem is how to reuse these integrated classes. In some cases, the classes are designed explicitly for reuse;
viz. Smalltalk's pluggable views that are intended to permit users to plug in their own models and to interchange
models and views, perhaps even replacing them by user designed components. In general, however, designers cannot
forsee all potential uses. More often than not, the result in hindsight is far less reusable than originally expected.

So as to make our arguments more concrete, we will use the model-view-controller (MVC) classes as a source of
inspiration. We will investigate some of the current barriers to reusability in these classes and suggest what would
be needed to eliminate the inadequacies. These user interfaces classes are particularly appropriate for this investigation
since they are one of the most complex triplet of classes ever designed and one of the richest sources of new ideas.

First, we introduce the notion of a coordinator at a conceptual level in order to provide a unified framework for
subsequent discussion. Next we consider a simple MVC example and consider problems that might arise when a
designer/implementer attempts to reuse it in an application specific context. Third, we discuss some problems that
we encountered from our own experiences that led to the notion of coordinators. Lastly, we consider implementation
techniques for providing the capabilities attributed to coordinators.
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2 Coordinators: Conceptual Definition

A coordinator is an object designed specifically to coordinate the message traffic between collections of interrelated
objects. It must have the capability to

= explicitly store messages of interest and what to do when they are observed,

= monitor and intercept the inter-object messages of interest,

»  perform the activities associated with the messages when they occur,

»  dynamically add and remove members to the collection of communicating objects, and
*  dynamically add and remove messages of interest.

To properly monitor the message traffic, the sender, message selector, and receiver are all needed in the general case.
In a special situation, however, any of the three components may be omitted; i.e., treated as a don't care. This
information can be provided in one of two ways: (1) by having the communicating object send it directly to the
coordinator (the most likely scenario) or (2) by using encapsulators [7] or indirection objects [4] to transparently
monitor all the messages to a particular object. When a message of interest is intercepted, an arbitrary computation
associated with the message may be performed. In the simplest case, the message is simply relayed to its intended
destination — this also happens if the message is removed from the list of messages of interest. The next simplest
case is to relay the message using an alternate message selector. More complicated cases include pre- and post-
processing before relaying it (as provided by systems supporting active values [5, 6, 12]) or relaying it to multiple
destinations.

The notion of coordinators mentioned above permits many implementations and many protocols that satisfy the
general requirements. Some of them might only provide a subset of the general capabilities. It is also possible to
design hierarchies of coordinator classes each with different protocols and capabilities. Which one is used would
depend on the coordination requirements. In some cases, coordinators might be transparent to the community being
monitored. In other cases, the members of the community can be specifically designed to communicate through the
coordinator. This latter approach is likely to be the easiest and most efficient way to provide coordinators.
Coordinators are an extension and elaboration of the manipulator concept introduced in Glazier [1]. The Glazier
notion of a manipulator, by contrast, requires a new manipulator class to be constructed for each new window
configuration and model. It is not possible to use a generic manipulator since extensive methods must be added.

3 Some Problems That Coordinators Can Solve

Let's imagine that we have a new implementation of a menu view and a menu controller, both designed to interact
with a coordinator (see Figure 1). In Smalltalk, they are called list views and controllers respectively. The pair is
designed to provide a list of items (obtained from the model) in a window and permit users to select one of the items
in the list by pressing the mouse over the desired item. The window can be scrolled when more items exist than can
be displayed in the available space. The coordinator is designed to intercept messages from the controller (or view) to
the model to get the menu list and to indicate which item has been selected (0 for no selection, 1-n for a selection).
In order to gain a better understanding of the benefits of coordinators, we consider three imaginary scenarios that
coordinators were designed to handle easily. For comparison purposes, we also provide a comparable solution to the
problem (if it exists) using the standard MVC approach.

Problem 1: A user wishes to use menu windows for his own application but he's not sure of the protocol he will
need to understand in order to reuse the basic structure. In the absence of documentation, the simplest solution is to
observe an example coordinator. Since the important message traffic is explicitly encoded in the coordinator,
inspecting it will normally be sufficient to determine the needed information.

By constrast, the more traditional MVC design without coordinators is extremely difficult to unravel. The obvious
reason is that the the important message traffic is imbedded in the implementation code. Moreover, it is difficult to
distinguish between the important message traffic (the messages that must be understood to reuse the design in new
contexts) and messages that are internal to the implementation; e.g., private communication between the view and
controller. Another reason is that some of the communication is implicit; e.g., the communication from the model
to the view is implemented using a powerful change/update mechanism. The model simply says “I've changed” and
all views on that model are broadcast the message “update yourselves™. Each view then explicitly asks its model
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Figure 1 A menu window designed to interact through a coordinator.

for new display information. For this to happen, it is sufficient to register each model when it is connected to a view
— the process simply adds the view to a set of views associated with the model — sometimes kept in a global
identity dictionary and sometimes kept in one that is local to the model. Closing the window causes automatic
deregistration - the view releases or decouples itself from the model. To summarize, unravelling the important
message traffic is extremely difficult with the traditional design.

Problem 2: A user wishes to use an existing application object as the model; e.g., he might wish to provide a menu
window on pizza orders for a small pizza shop application. It is a simple matter to plug in the application model.
However, some messages to the application can result in modifications to the pizza order. The modifications must be
reflected in the window displaying the pizza order. To achieve this, messages to the pizza order (the model) must be
monitored to cause “update” messages to be sent to the view whenever the modification messages are observed.
Moreover, this monitoring must be transparent since the messages can come from any object in the system.

By contrast, even though pluggable views in the more traditional design permits application objects to be “plugged
in”, this in itself is not enough. The implementor must physically add “self changed” messages to all methods in
the application object that can result in modifications that should be reflected in the view. Over time, many
application objects would have to be so instrumented. Clearly, the proliferation of such modifications (even when
they behave as no-ops when there is no window using them as models) is undesirable. A less intrusive approach can
be used in systems that provide active objects; i.e., systems that permit pre- and post-processing to be performed
when selected methods are executed. Nevertheless, the user is responsible for adding and removing the additional

processing steps because there is no mechanism for explicitly encoding what needs to be undone when associated
windows are closed.
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Figure 2 A coordinator permitting interaction with two models.



Problem 3: A user might wish to reuse the design in a situation that was totally unexpected. For example, to build
an application specific browser, it might be necessary to use two models (see Figure 2) rather than one — an input
model from which the menu list can be obtained and an output model to which the user's selection ought to be
reported. Without making any changes to the design, it is sufficient to use the input model in the manner specified
by the original design. When a user selection is made, the message that would normally be sent to the input model
is re-routed by the coordinator to the output model.

By contrast, the standard MVC design cannot be extended to two models unless a new class of objects is designed
specifically for the task; e.g., a virtual model for the two real models. This virtual model can be designed to perform
the necessary re-routing. In this case, the user is clearly designing an application specific coordinator. Building a new
class of models is fundamentally less desirable than plugging in rerouting information in an existing coordinator.
More important, this special class is not likely to be reusable. Each new unexpected extension is likely to be
application specific. Note: in an advanced system, we might want to design a special class of coordinators; e.g., if it
serves to provide a capability that is a useful addition to the coordinator sub-library or if there are efficiency concerns
that make the specialization desirable. However, it ought to be an explicit choice on the part of the user — not a
requirement.

In general, coordinators can be used to monitor traffic to, from, and between arbitrary objects. Hence they can be used
for performance monitoring, statistics gathering, and debugging. Indeed, it ought to be possible to take existing
window classes such as an inspector window, build a coordinator that monitors a specific object (without modifying
the object), and have mformauon dynamxcally updated in the window whenever messages of interest are received by
the monitored object. Such reusability is simply not possible with the existing window paradigms (in any system).

4 Experiences That Led To The Notion of Coordinators

The idea for coordinators originated from our experiences in building different kinds of browsers in Smalltalk. We
observed that very little code could be reused, even though many of the browsers shared common features. Even in
the cases where new windows were created using existing windows as “subparts”, it was virtually impossible to
simply “port” the old into the new. The reason, we discovered, was that browsers were traditionally designed using a
super-model specific to each browser (a new class that can be used as the model for all subviews). All of the
behaviour of the window is provided in this one class. This is a problem because most of these windows don't
browse just one object, but instead each subwindow typically provides a view on some component of the
information being displayed.

Consider a class hierarchy browser found in Smalltalk V (similar remarks also apply to Smalltalk-80). The model for
each of the panes] is an instance of the ClassHierarchyBrowser class itself (that's why we refer to it as a super-
model). But of course this isn't correct. If you consider the three primary panes of the browser, namely the class list,
the method list, and the edit pane, each of these models is a different "object”. The class list is really a view on the
list of subclasses of class Object. The method list is really a view on the list of methods of the class selected within
the class list. The edit pane models either the class selected within the class list, or the method selected within the
method list, depending upon which of the two lists was last activated. In the current implementation of this class,
the interdependencies between the panes are "hardwired”. Each time an action occurs that causes a modification to the
contents of the browser, the instance variables for the browser (the instance of ClassHierarchyBrowser) must be set
explicitly, and then the appropriate change messages must be sent to each of the panes.

Reuse becomes an issue when we attempt to use part of the existing behaviour of the class hierarchy browser. For
example, assume we want to build an instance browser — a window containing just two lists: the first list
containing the classes in the system, and the second containing the names of global variables bound to instances of
the class selected in the first pane. This can be easily determined by scanning dictionary Smalltalk which contains all
global variables. The class list pane should have the same behaviour as in the class hierarchy browser. Once a class
is selected from the class list, a list should be displayed of all the instances of this class.

So, why require coordinators? First, consider implementing this without using coordinators. The first thought is to
subclass ClassHierarchyBrowser, and try to inherit the existing behaviour. This is a problem, though, because a
large number of the existing methods would have to be modified since the relationships between the existing panes
is hardwired throughout the methods. Another choice is to try to copy the needed methods from the
ClassHierarchyBrowser into a new class. But of course, this is the wrong approach since what we want has already

1Smalltalk V terminology for view.



been written. Even so, if we do copy, it is often difficult to determine what methods to leave out; i.e., that are
superfluous to the new browser. For example, consider removing the code that provides the hide/show behaviour in
the class list from the ClassHierarchyBrowser class in Smalltalk V/286!!

We found that the proper way to implement browsers so that we could reuse the code was to develop each pane
independently, and have their interdependent behaviour controlled by coordinators. Thus, the class hierarchy browser
would be viewed as having three separate models. A coordinator would intercept messages sent to any of the three
coordinated objects, and notify the other "panes” when a change was made. For example, when the class list receives
the message ‘addSubclass', the coordinator can recognize that this message will cause a change in the list of classes,
and that both of the other panes will have to change. Moreover, the coordinator can determine what type of change is
required of the others, not just the fact that something has changed. In this manner, using coordinators effectively
allows us to replace the current change/update mechanism with one that is both more explicit and more general.
Instead of a model being forced to simply say "I've changed”, the coordinator can determine exactly what the change
was, and the appropriate response engaged.

Note that coordinators can be part of the abstraction for a particular class of windows. When they are integrated as
components of other windows, designers have a choice for the top level coordinator: (1) coordinate with the existing
lower-level coordinators (i.e., maintain the lower-level abstractions, avoid decomposing them) or (2) integrate the
lower-level coordinators into the top level and discard the lower level coordinators. This new design dimension may
prove to be an advantage - but more experience is needed to determine that.

Another problem we found with implementing browsers this way was that it was impossible to reuse existing
browsers as parts of other browsers. For example, suppose we want to create a new class browser that consists of
three list panes instead of two, where the third list contains the names of global variables bound to instances of the
selected class. That is, once a class is selected from the class list, the methods defined for the class are shown in the
methods list as before, but additionally, the globally named instances are shown in the third pane. When a user
selects one of these globally named instances, an inspector on that instance is opened. Clearly, a powerful
mechanism and organizational structure was needed to promote rather than hinder reusability.

5 Implementation Strategies

In general, the target system used to implement coordinators will influence the implementation strategies and in
some cases limit their capabilities. For example, a system like C++ [11] can easily be provided with coordinators
that require explicit communication between the coordinated objects and the coordinator. However, it is substantially
more difficult to provide it with efficient mechanisms for transparently monitoring objects. More powerful systems
like Smalltalk [3] or Trellis/Owl [9] with built-in garbage collection and mutation operations can easily provide the
notion of encapsulators [7] and proxies [4] for trapping messages entering and leaving selected objects. Loops [2, 10]
with its notion of active values can similarly perform the same task. Class based systems, however, do have a slight
disadvantage compared with newer generation systems like Self [13] that is based on instance inheritance and
prototypes. The important message traffic and the re-routed destinations cannot be easily determined from static
comments (they can be out of date) or methods that explicitly construct a coordinator (the code can be difficult to
read). It is most convenient to browse an existing example. Exemplar or prototype-based systems like Self require
the designer to construct examples just to provide it with the behavior methods. Hence the examples are available for
inspection. Additionally, it is easier to build new coordinators by copying and subsequently modifying existing
coordinated groups. Transparent monitoring can also be provided easily in law-based systems [8] because they are
explicitly designed to permit transparent message monitoring.

To briefly review how encapsulators are implemented in Smalltalk, consider an object O to be monitored and an
encapsulator E. To begin with, O and E are mutated into each other so that all messages sent to O actually go to E.
Encapsulator E explicitly keeps track of O. Moreover, the encapsulator is explicitly designed with almost no
protocol — it does not even inherit from Object. However, it does provide a method for handling
doesNotUnderstand:. When an arbitrary message originally intended for O is received by E instead, the message
is not understood and it is therefore processed by the doesNotUnderstand: method. The method is provided with
one parameters, a Message object that contains both the message selector and the message arguments. With this
information, the encapsulator can execute pre-processing code, send the original message to O, execute post-
processing code, and finally return the result to the original sender. Note that the sender of the message originally
intended for O can be easily determined by the receiver (there are explicit messages in Smalltalk for getting this
information) so that all information needed by a coordinator is available.



It is clear that a coordinator can simply maintain a list of elements each consisting of a message selector, a sender
(potentially don't care), a list of receivers with corresponding associated actions, and an indicator that specifies
whether or not the monitoring is to be implicit (invisible) or explicit. The coordinator itself must determine which
objects (if any) require encapsulators and must create them when needed. Closing the window must undo the changes
that were made. Indeed, a robust implementation should still work even if the application window fails to close itself
properly. It is a relatively simple task for the coordinator to determine if the window is still scheduled for execution.
If it is not, it can undo all the changes invisibly. Such coordinators, however, would only make sense for top level
views (scheduled windows). Hence a small set of distinct coordinator classes organized in a straigthforward hierarchy
would be useful.

In general, the hierarchy could provide coordinators with different levels of capability. For example, one class of
© coordinators might permit arbitrary blocks as the actions associated with messages. Another might require only a
message selector. A general coordinator might also permit both. Of course, there is no point having specialized
subclasses unless there is an implementation or conceptual advantage.

Efficiency Considerations: In order to be as efficient as possible, we would likely design our windows so that
views and controllers interact directly with the coordinator. This is not possible, however, with the models. In that
case, less efficient encapsulators must be used. Overall, this general strategy should be acceptable for the design of
user interface components since the bottleneck in the man/machine loop is usually the “man”.

6 Conclusions

As designers and programmers tackle larger and more complex application areas, it becomes more and more
important to reuse parts of existing libraries. Often, components are reused in ways that were not anticipated by the
original designers. More often, however, components can almost be reused but not quite. Coordinators were designed
to help alleviate this problem — to remove some of the barriers to effective reusability. Their major innovation is
making this message traffic explicit. Notions like encapsulators, active values, and manipulators provide a suitable
substrate for implementing encapsulators which itself is a higher level abstraction.

In general, coordinators are not super-controllers — they are distinct from controllers since they play a different role.
However, controllers could be made obsolete by merging them with their associated views as was done in
Smalltalk/V running on OS/2's Presentation Manager. With the view/controller pair replaced by a single window
object, the coordinator is still needed to permit effective pluggability and reusability. Neither are coordinators super-
models, sometimes referred to as a model for a model since they are primarily intended for application independent
reconfiguration. Why, for example, would a super-model monitor some other object?

As part of our ongoing research, we are developing a prototype of coordinators. The prototype will serve as a “proof
of concept” to ensure that coordinators can actually be implemented and integrated into an existing environment, to
develop further extensions to the notions, and to verify our intuitions about their usefulness for promoting
reusability.
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