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This paper presents a framework for evaluating Tk mega-widget extensions. This framework addresses how these
extensions perform, both from the application builder’sview of created widgets as well as from the viewpoint of the
mega-widget builder. Issues addressed include support for building Tk-like widgets, access to component widgets,
and reuse of previouswidget implementations. Severa existing mega-widget extensions are then evaluated using the

framework.

1 Introduction

McLennan defined a mega-widget as “a collection of
primitive widgets [packaged] together as a new widget”
[3]. Because mega-widgets are presented as single wid-
gets, they arefar easier for Tk devel opersto usethan hav-
ing to program many individual components. For exam-
ple, Figure 1l showsavi ewport mega-widget, created
using the Wigwam mega-widget extension. It consistsof
three component widgets: ahorizonta scrollbar, averti-
cal scrollbar and aviewingwidget (any scrollablewidget
contai ning text or graphics). Thiswidget providesagreat
deal of programming flexibility since the scrollbars may
or may not be shown, and their placement (top, bot-
tom, |eft or right) can be atered. The figure shows one
particular configuration, where the viewing widget is a
listbox with a grocery list and the scrollbars are placed
on the left and the bottom. Other common examples of
mega-widgets are combo boxes and file browsers.

Tk has no direct support for building mega-widgets. As
a result, a variety of people have developed extensions
for megarwidget construction. These extensions vary
greatly in the features they provide, as well as the ways
they allow mega-widgets to be constructed. Are all of
these features really needed? Are some features miss-
ing? |s the programming approach appropriate for the
widget creator? Clearly, itistimeto consider what devel -
opers really require when constructing and using mega-
widgets.

This paper presentsaframework that considersthe needs
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Figurel1: The Viewport Mega-widget

of developers, which can be used to evaluate existing
and future mega-widget systems. The framework con-
siders the different features a constructed mega-widget
should support, and the ways in which the programming
paradigm should easeadevel oper’ schores. For example,
likeany widget, a mega-widget will need to worry about
handling configuration optionssuch as- f or egr ound.
A mega-widget, however, al so needsto worry about how
to propagate this option down to its component widgets.
Thus, any mega-widget extension must at the very least
permit the widget builder to define how such an option
propagates.

The evaluation framework is then used to compare sev-
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era of the existing mega-widget extensions, as well as
more general object-oriented extensions which make
some claim to supporting mega-widget devel opment.
Whenever possible, the evaluation is based on our ac-
tual experience with the extension, although we have
also relied on examination of the source code, examples
and written documentation.

The evaluation highlightsthevariety of optionsavailable
in current mega-widget extensionsand common method-
ologies, as well as areas that remain poorly supported.
This information will be useful as the Tcl community
beginsto converge on a“standard” mega-widget model,
as it not only addresses features of mega-widgets, but
identifies deficiencies in the Tk core.

2 Evaluation Framework

This section describes the eval uation framework, which
contains two parts. the application builder’s view and
the widget builder’sview.

The application builder is the person programming a
Tcl/Tk application that contains megarwidgets. They
view mega-widgets indirectly; their concern is whether
or not a mega-widget behaves “properly.” In contrast,
the widget builder is the person developing the mega-
widgets. The widget builder is directly concerned with
thefacilities provided by the mega-widget extensionsto
make building mega-widgets a reasonable chore. These
different perspectives are depicted in Figure 2.

Application Builder View
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Figure 2: The different views of the Mega-widget

This section begins by reviewing the application

builder’sview of theessential componentsin Tk widgets,
aswell as what mega-widgets should offer. It continues
by raising concerns from a widget developer’s point of
view, includingissues such as reuse and namespace con-
flicts.

2.1 Application Builder View

Mega-widgets should behave like standard Tk widgets.
This is desirable to maintain consistency and decrease
learning time for the application builder. To make this
possible, the mega-widget extension should support the
ability to easily create widgets that look and fed “cor-
rect” to their users. A secondary consideration for the
application builder is the ability — under rare circum-
stances — to “get inside’ the mega-widget to access
individual components.

211 Standard Tk Widget Behaviour

Tk widgetsare a set of ready-made controlswithaMotif
look and fed [5] . Some examples include the button,
listbox, text, scrollbar and menu widgets. Application
builders access these widgets through a set of proper-
ties, described below from a functional point of view.
They include the widget creation command, configura-
tion options, thewidget command and usage by other Tk
commands.

Widget Creation Command. The widget creation
command defines new widgets of a given type or wid-
get class. It aso creates the widget command and ap-
pliestheinitial set of configuration options. For exam-
ple, button .b -foreground red usesthewid-
get creation command but t on which will create the
widget, thecommand. b, and set thebutton’sforeground
colour to red.

Widget Command. Thiscommand hasthe same name
as the widget's path name, and is created by the widget
cregtion command. It isthe main communication link
between the Tcl/Tk script and the widget itself. Config-
urable options and subcommands are changed and exe-
cuted, respectively, via the widget command procedure.
The behaviour of the widget command isdictated by the
type of widget.

Configuration Options.  All widgetsof the same class
support the same configurable options. They typically



are used to view or change parts of the widget's state
information, such as the foreground colour, width, and
border type. Another common use for the configurable
options is to establish event handlers. Two examples
are the listbox yvi ew option and the button command
option.

Widget Subcommands. Widgets may have several
subcommands that invoke operationson the widget. For
example, all button widgets can process af | ash sub-
command which makes the button flash. Another exam-
pleistheconf i gur e subcommand which isresponsi-
blefor listing and changing the configurable optionsfor
each Tk widget.

Bindings. Many widgets have default reactionsto spe-
cific input events. Application builders can change a
widget's behaviour by specifying event bindings with
the bi nd command. An example of a default binding
occurs when mouse button 1 ispressed and | ater released
over a button widget, causing a command (the value of
the conmaind option) to be invoked.

Usage with Other Tk Commands. Severa Tk com-
mands take widgets as their arguments; they should be-
have “correctly”, yielding similar results when standard
Tk widgets and mega-widgets are used with the com-
mand. These commands include bi nd, destr oy,
focus, grab, | oner, pack, pl ace, rai se and
wi nf o.

212 Mega-Widget Components

Idedlly, a good mega-widget will directly supply all the
functionality and flexibility needed by its users. We
realize thisis difficult, and that occasionally users will
have needs not met directly by the mega-widget. Inthese
cases it would be useful to alow the application builders
to“get inside’ the mega-widget, and perform operations
(invoke commands, change bindings, etc.) directly on a
mega-widget’s components.

Thus, we bdlieveit would be useful for amega-widget to
provide access to its components, abeit in a controlled
way. ldedly a mechanism (eg. aconmponent sub-
command) would be provided which takes an “abstract”
name and returns the corresponding window path name.
For example, a file browser may map the abstract name
filelist tothe path name of a listbox containing

the files in the current directory. Using abstract names
serves to hide implementation details that are likely to
change, whilepartially exposing relatively static parts of
the implementation.

Exposing componentsinthisway isanecessary tradeoff
between reuse and the application builder’s frustration
at not being able to make small but necessary changes
in exceptiona circumstances. However, a mega-widget
whose users are forced to rely frequently on thisfacility
shows evidence of poor design.

2.2 Widget Builder View

The widget builder is responsible for constructing a
mega-widget, requiring a view of the extension that is
different from that of the user of a mega-widget. Of
course, thewidget builder needsto consider how well the
mega-widget extension supportstheapplicationbuilder’s
view. Additional concerns are how widgets can be re-
used, namespace conflicts, creation of top-level widgets
and how the extension isactualy installed. These issues
are discussed below.

221 Supporting the Application Builder View

The most important offering of a megawidget devel-
opment environment is how well it helps the devel oper
construct awidget that supportsthe application builder’s
view. To truly support mega-widgets, wefed it isessen-
tial to supply al of the standard Tk properties: widget
creation command, widget command, options, and sub-
commands. It would be ideal for the widget builder if
many of these were created automatically by the exten-
sion and if some of the basics were defined, such as
parsing of configuration options. An extension taking
care of such “housekeeping chores’ can make the job of
the widget builder considerably easier.

Widget Creation Command. As described earlier,
thiscommand isresponsiblefor creating thewidget, cre-
ating the widget command, and parsing initial configura-
tion options. We believe that the mega-widget extension
should automatically create thiscommand. Thisrequires
defining aprocedure (whose name i sthe same asthewid-
get type) that processes configuration options, createsthe
widget command, and creates the encompassi ng window
which will contain the mega-widget’s components. The



widget builder then creates and places the individual
components and performs any other initializations.

e Encompassing Window. The encompassing window
isthewidget that al of thecomponent widgetsare placed
in. Thiswindow should be automatically created and the
widget builder should be able to specify what type of
widget it is. However, the class of the window must be
defined properly; its class must be the “mega-widget”
class being created, not the type of the window.

Widget Command. This command is responsible for
parsing and evaluating widget subcommands. An ex-
tension could aid the mega-widget builder by automati-
caly creating such a procedure with some well-defined
handling of subcommands and configuration options, al-
though the widget builder should be ableto overrideit if
necessary.

o Automaticaly Creating the Widget Command. The
widget builder needs to create the widget command for
each and every widget, making it a prime candidate for
automation. The command should have the same name
as the path name of the mega-widget it is being created
for. For example, if the request is to make a combo box
widget with the path name . conbol then the proce-
dure'snameis. conmbol. It should also provide some
high-level mechanism for handling subcommands and
options.

Subcommands. Subcommandsare operationsthat can
be applied to a particular widget or mega-widget. Some
examples are the canvas's cr eat e command and the
button’sact i vat e anddeact i vat e commands. All
widgets of the same type have the same subcommands.

¢ Defining New Subcommands.  An important prop-
erty is the ability to redefine new subcommands for a
widget. Ideally, defining the subcommand name and its
behaviour should be no more difficult than defining an
ordinary Tcl pr oc.

o Automatically Parsing Subcommands. When awid-
get command is invoked, the correct subcommand must
be applied. Thisis achieved by parsing the arguments
to determine what subcommand, if any, is actualy be-
ing requested. For example, . | i stbox insert O
{Hel I o Worl d} insertsthetext “Hello World” into a
listbox. Here the alguments arei nsert 0 {Hell o

Wor | d} and the subcommand isi nsert. Since this
parsing is required for every mega-widget, automatic
parsing of subcommands is an ideal candidate for au-
tomation by the extension.

o Fallback Behaviour. Thisissomesort of well-defined
behaviour that the widget command implementsif noth-
ing is specified by the widget builder. For example,
mega-widgets created by an extension may, by default,
implement the same standard Tk configuration options
and subcommands as the frame widget. The fallback
behaviour should also control some of the error detec-
tion and notification. One such possibleerror isusing an
invalid subcommand with a particular widget.

Configuration Options. Configuration options are
part of the widget's state information, such as the fore-
ground colour, width, and border width. Each widget
of aparticular type has the same options, but widgets of
different types may have different options. We've found
that dealing with configuration options correctly can be
very time consuming for widget builders.

o Defining New Configurable Options. The widget
builder should be able to define new configurable op-
tions for a particular mega-widget. This allows mega-
widgets to be extended by increasing the state informa-
tion, thus adding more functionality. The viewport wid-
get described earlier has an additional option, scr ol |,
which defines where the scrollbars are to be placed. An-
other examplewouldbear ever se optionwhichwould
reverse the foreground and background colours.

¢ Defining Option Handlers. This is necessary if new
configurable options are alowed. It alows specified
handlers for a given option(s). One approach isto alow
the widget builder to define a configuration routine that
handlesal of the options. Thistechniqueisuseful when
anumber of optionsare to betreated in asimilar manner.
The second method is to define a separate handler for
each option. Thisisalsouseful, especially whenthereare
only afew optionsthat require “exceptional” handling.
Idedlly some combination of both methods should be
available.

o Automatically Parsing Options. As with subcom-
mands, an extension may eliminate much “housekeep-
ing work” for the mega-widget builder by automatically



parsing configuration options. |deally, configuration op-
tions could be “registered” with the mega-widget exten-
sion along with code to invokewhen the option changes,
and the extension would take care of the rest.

¢ Propagation of Option Changes. A common oper-
ation on mega-widgets is to propagate option changes
down to the component widgets. An extension can help
by alowing a widget builder to specify how changes
propagate. For instance, if the background colour is
changed for the mega-widget, the builder could specify
what component widgets will change their background
colour. There are three useful ways that a mega-widget
extension can support this:

1. Manual propagation is the simplest approach, re-
quiring the widget builder to dea with the prop-
agation. The option handler manually applies the
option to component widgets.

2. Automatic propagationisamore sophisticated ap-
proach, alowing the widget builder to specify a
list of component widgets an option applies to.
Alternatively, alist of optionscan be specified for
each component widget. Then, when a configura-
tionoptionischanged, theextensionautomatically
propagates the change to the appropriate compo-
nent widgets.

3. Renaming options when propagating is the abil-
ity to map one option to another during propage-
tion, offering fine-grained control. For example,
thisallows afilebrowser mega-widget to specify a
-1i st bg optionthat isautomatically propagated
toitslistbox component asa - bg option.

2.2.2 Reuse

Being able to reuse previously defined widgets promises
the benefits of easier debugging, reduced programming
time, and more easily maintained programs. Reuse
means being able to specify anew mega-widget in terms
of existing widgets or mega-widgets.

By definition, mega-widgets support one form of reuse:
composition. That is, mega-widgets are created by com-
posing (reusing) other widgets. This is different from
the type of reuse where a mega-widget is created by
changing or extending an existing widget.

Reuse in the composition sense is usualy specified as
an extension of the object-oriented metaphor that defines
Tk commands. Mega-widget types are analogous to ob-
ject classes, and changing or extending a widget without
composing it into another widget is analogous to creat-
ing a subclass of the original widget that inheritsall the
origina’sbehaviours.

Although a recent discussion on conp. | ang. tcl
about the merits of object-oriented inheritance for build-
ing mega-widgets reminds us that the debate isfar from
resolved, we use the terminology of inheritance here.

Reuse of Existing Tk Widgets. One consideration is
thetype of widgetsthat can bereused. Oneset of widgets
that would be useful to reuse are the core Tk widgets.
An extension will be more valuableif it allows reuse of
these widgets, and not just mega-widgets created with
the extension.

Inheriting Subcommands. The ability to inherit sub-
commands saves the widget builder from redefining
them. However, the builder should be able to redefine
subcommands as well as access the origina ones. For
instance, the builder may want to display a message on
the screen when a particular subcommand isinvoked —
this would require redefining the subcommand to first
display the message and then invokethe original.

Inheriting Configuration Options. The ability toin-
herit options saves the builder from redefining these op-
tions over and over again. As with subcommands, the
builder should be free to redefine, yet have access to the
original optionsand their handlers.

Reuse With Any Encompassing Widget. Severa of
the extensions automatically create an encompassing
frame for the mega-widget. This does not lend itself
well to reuse in the form of extending or changing an
existing widget; it encourages the placement of a base-
level widget within a number of frame widgets due to
multiple redefinitions and/or extensions to a base-level
widget. The encompassing widget should be allowed to
beany valid widget type, sincethisallowschangestothe
base-level widget rather than composing it.

2.2.3 Miscelaneous

Other considerations are the creation of top-level wid-
gets, how the extension deal s with the namespace prob-



lem, automatic option database handling, and if the ex-
tensionisingtalled in a standard manner.

Top-Level Widget Support. It is definitely useful to
allow the creation of top-level mega-widgets, rather than
creating a“normal” widget and then composingit inside
of atop-level window. This alows a mega-widget to
be a top-level, separate window, rather than something
inside of atop-level widget. Thisisan important feature
that shouldn’t be overlooked by extensions.

Namespace Support. Mega-widgets contain internal
state, both in terms of configuration options as well as
codewrittento support themega-widget. Extensionscan
help reduce the conflicts between names used for inter-
nal state information and the globa information space
via some sort of namespace mechanism to provide ap-
propriate scoping [2].

Automatic Database Handling. Thisisan important
featuresinceit alowsaquick method of changing default
values for a particular widget type. For example, op-
tion add Vi ewport*bg red shouldset the back-
ground colour of al viewport widgetstored. Thisissim-
ilar to, but not the same as, reuse of widgets by changing
base-widgets.

“Standard” Ingallation. Megawidget extensions
(like other Tcl extensions) should beinstallablein astan-
dard way (eg. using GNU autoconf), and not require
complex installation, modifications to core facilities, or
make assumptions on where the installation will be.

3 Extension Evaluation

The above criteria were used to evaluate six Tcl/Tk ex-
tensions. The results from the evaluation highlight their
successes and failures. Inorder to aid in this assessment
a brief description of the extensions is given, followed
by tablesthat rate the various mega-widget extensions.

3.1 Extension Description

The six extensions evauated are [incr Tcl], Wigwam,
[incr TK], Tix, TkMegaWidget, and theObjects. Table 1
providesdetailed information on these extensi onsinclud-
ing the version examined, the implementation language,
the designer(s) and the basis for evaluation. The Y/N

Version|Language| Paper| Tested | Code
[incr Tcl] 15 C Y Y Y
M. McLennan
Wigwam 15b ([incr Tc]| N Y Y
J. Wight
L. Marshall
[incr TK] ? ? Y N N
M. McLennan
Tix 3.6d | Tc/Tk N Y Y
I. K. Lam
TkMegaWwidget| 3.6 C Y Y Y
S Delmas
theObjects 31 C N N Y
J. Wagner

Table 1: Summary of Extension Languages

valuesin the Paper, Tested, and Codefields indicateif a
paper was read, if widgetsweredesignedinit, and if the
code was examined, respectively.

The focus of some of the extensions is not the support
of mega-widgets. For instance, [incr Tcl] is intended
as a genera-purpose object-oriented extension of Tcl.
Wigwam extends [incr Tcl] by adding a set of inherita-
ble classes for the standard Tk widgets. [incr TK] also
extends [incr Tcl], by adding support for building mega-
widgets. Tix is designed more from a procedural point
of view, and itsmain purposeisto provide complex wid-
gets. Tix is aso the only extension written entirely in
Tcl/Tk. The latest version of Tix, which was not ex-
amined here, has eliminated some of its shortcomings
and is now written in C. TkMegaWidget is designed to
make building mega-widgets easier and alows modify-
ing subcommands and options on a per-widget basis[1].
theObjectsis a prototype-based object extension, which
has been used to creste a number of mega-widgets.

3.2 Evaluation Summary

Theevaluation summary ispresentedintwotables: Table
2 detail s the application builder’sview and Table 3, the
widget builder’sview.



Application Builder View  |[incr Tdl] Wigwam [incr TK] Tix TkMegaWidget theObjects
Standard Tk widget behaviour
Widget creation command S S S S S S
Widget command S S S S S S
Configuration options S S S S S S
Widget subcommands S S S S S S
Bindings P P P P P P
Usage with other Tk commands P P P P P P
Mega-widget behaviour
Access to component widgets S S S S P P
S supports

D doesn’t support
P possibly supports

Table 2: Application Builder View



Widget Builder View [incr Tcl] Wigwam [incr Tk] Tix TkMegaWidget theObjects
Supporting the application builder view
Widget creation command + + + + + +
encompassing window o o ° + + o
Widget command
automatically creating thewidget command|  ++ ++ ++ o+t + +
Subcommands
defining new subcommands ++ ++ ++ + + +
automatically parsing subcommands ++ ++ ++ o + +
fallback behaviour + + + + + ?
Configuration options
defining new configurable options + + + + + o
defining option handlers + + + + + o
add option handlers without parsing + + + ° ° o
automatically parsing options + + + ° o
manua propagation of options o o o o o o
automatic propagation of options o o + o o o
renaming options when propagating o o + o o o
Access to component widgets
abstract names for components o o ++ ° ° °
hiding some abstract names from user + + ? o o o
providing procedure to return path name o o ++ ) ) o
Reuse of widgets
Reuse existing Tk widgets o + + + — ?
Inheriting subcommands + + ++ + o —
redefining subcommands + + ++ ° o —
access to origina + + + ° o —
Inheriting configuration options + + + + o —
redefining configuration handlers + + + o o —
access to origina + + + ° o —
Reuse with any encompassing widget o o o — — °
Miscellaneous
Top-level widget support o o o + + o
Namespace support ++ ++ ++ — + —
Automatic database handling o ° + + + —
Standard installation ++ ++ ++ o+t + +

++ supportsvery well

+ supports

o doesn’t support but possible
— doesn’t support

? don’t know

Table 3: Widget Builder View



4 Discussion

The previous evaluation tables guide this discussion on
the various extensions. While our criteria are not the
only ones that may be used, our experience with mega-
widgetsindicates that having these festuresin an exten-
sion makes programming easier for both the application
and the mega-widget builders.

4.1 Application Builder View

Theapplicationbuilder’sview isfairly well supported by
most of theextensions. For instance, all of theextensions
support standard Tk widget behaviour well sincethey all
have awidget creation command, widget command, con-
figurable options and widget subcommands. However,
keep in mind that a“S’ in the table only means that it
ispossible to create widgets satisfying this aspect of the
application builder’s view and it may depend on what
the widget builder provides. For example, many exten-
sions were given a“S’ for “access to component wid-
get” because it was possible, but only [incr Tk] defines
a standard mechanism (the component subcommand)
for doing so.

A common area where all of the extensions are ques-
tionable is Tk command support for mega-widgets and
proper bindings for mega-widgets. For example, the
bi nd command does not scale to mega-widgets; it is
not clear which component widget (if any) shouldreceive
an event. Similarly, f ocus returns one of the compo-
nent widgets rather then the mega-widget itsdf. An-
other command that poses aproblemisw nf o. Specif-
ically, wi nf o chi | dr en returns the components of
the mega-widget instead of an empty string.

4.2 Widget Builder View

In contrast to the application builder’sview, thereisvery
little support for the widget builder. A number of the
extensions come close to providing al that is needed,
but some really miss the mark. One issue that arises
is the tradeoff between flexibility and ease of use. For
instance, the extensionsthat automatically create the en-
compassing frame do not provide a mechanism to not do
this. The only extension that manages to retain flexibil-
ity while gtill automatically doing a large portion of the
widget builder’swork is [incr TK].

4.2.1 Supporting the Application Builder View

Almost none of the extensions help the widget builder
with the various components required for supporting the
application builder’s view. The extension that does it
best is[incr Tk]. All of the extensions create the widget
creation command, have support for subcommand im-
plementation, and have the basi ¢ support for implement-
ing configurable options. All of the extensions (except
[incr Tk]) need to add support for the various methods
of propagating options. This is a very useful feature,
alowing the widget builder to list what is to be propa-
gated to a component widget instead of having to define
procedures to handle this. The extensions also need to
provideabetter means for accessing the component wid-
gets. Four of the extensionshave used common methods
from object-oriented programming to hide optionsby al-
lowing the widget builder to declare optionsas public or
private,

4.2.2 Reuseof the Widgets

There are two different methodol ogies used to meet the
requirementsfor reuse. [incr Tcl]-based systems achieve
reuse by using class-based inheritance which handles
subcommand reuse very well, but by itself does not
handle the configurable options properly. The second
method, used by TkMegaWidget, is an instance-based
customi zation which only handlesreusemoderately well.
The current trend in the extensions appears to be a class-
based inheritance method. However, it still remains an
open issue as to which is better.

42.3 Miscellaneous

In order to maintain consistency with Tk, top-level wid-
get creation is a necessity and should be a part of the
extensions. Automatic option database handling and
namespace support are not necessary but very useful
in mega-widget applications, although they have their
own set of problems. For instance, namespaces avoid
name clashing but exhibit similar problem with bi nd
not unlike those experienced with mega-widgets. Fi-
nally, extensions must install in standard ways, as those
that do prevent many hours of frustration!



5 Conclusion

This paper has developed a framework for evaluating
mega-widget extensions to Tcl/Tk. The framework was
dividedintotwo parts: the needs of the mega-widget user
and the needs of the mega-widget builder. This evalu-
ation framework was then used to evaluate six Tcl/Tk
extensions.

From the evaluation we have identified four important
issues for mega-widget extensions. First, the tradeoff
between ease of use and flexibility; extensions that are
easy to use often restrict their flexibility. Second, many
of the “housekeeping” chores such as automatic parsing
are very useful to provide, but care must be taken to
maintain flexibility. Third, some of the Tk commands,
suchasf ocus andwi nf 0, need to be extended in order
to support mega-widgets. Fourth, thereisthe open ques-
tion regarding reuse: whether class-based inheritance or
instance-based customization is better.
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