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Good design and implementation are necessary but not sufficient pre-requisites for the
successful reuse of object-oriented frameworks. Although not always recognized, good
documentation is crucial for effective framework reuse and comes with many issues.
Defining and writing good quality documentation for a framework is often hard, costly,
and tiresome, especially when not aware of its key problems and the best ways to address
them. This document presents patterns from a set of related patterns that describe proven
solutions to recurrent problems of documenting object-oriented frameworks. The pattern
language they all form together aims at helping non-experts on cost-effectively
documenting object-oriented frameworks. The patterns here presented address the
problems of explaining how fto use a framework and #lustrating what it can be good for,
respectively the patterns “COOKBOOK & RECIPES” and “GRADED EXAMPLES”.

Object-oriented frameworks are a powerful technique for large-scale reuse capable
of delivering high levels of design and code reuse. As software systems evolve in
complexity, object-oriented frameworks are increasingly becoming more important
in many kinds of applications, new domains, and different contexts: industry,
academia, and single organizations.

Although frameworks promise higher development productivity, shorter time-to-
market, and higher quality, these benefits are only gained over time and require
up-front investments. Before being able to use a framework successfully, users
usually need to spend a lot of effort on understanding its undetlying architecture
and design principles, and on learning how to customize it, which all together
implies a steep learning curve that can be significantly reduced with good
documentation and training material.

This paper contributes with two patterns to the work in progress of writing a
pattern language that focus on problems of documenting frameworks [1], some of
the several technical, organizational, and managerial issues that must be well
managed in order to employ frameworks effectively.

The pattern language comprises a set of interdependent patterns aiming at helping
developers on becoming aware of the typical problems they will face when
documenting object-oriented frameworks. The patterns were mined from existing
literature, lessons learned, and expertise on documenting frameworks, based on a
previous compilation about framework documentation [2].
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Artefact patterns

The pattern language describes a path commonly followed when documenting a
framework, not necessarily from start to end to achieve effective results. In fact,
many frameworks are not documented as completely as suggested by the patterns,
due to different kinds of usage (white-box or black-box) and different balancing of
tradeoffs between cost, quality, detail, and complexity. One of the goals of these
patterns is precisely to expose such tradeoffs in each pattern, and to provide
practical guidelines on how to balance them to find the best combination of
documents to the specific context at hands.

According to the nature of the problems addressed, the patterns are organized in
artefact patterns (which kinds of documents to produce? what should they include? how to relate
them?) to which belong the patterns here documented, and process patterns strictly
related with the process of cost-effectively documenting frameworks (bow to do it?
which activities, roles and tools are needed?).

Artifact patterns address problems related with the documentation itself, here seen
as an autonomous and tangible product independent of the process used to create
it. They provide guidance on choosing the kinds of documents to produce, how to
relate them, and what to include there.

Similarly to other technical documentation, the overall quality of framework
documentation is complex to determine and assess, and this is perhaps the first
issue. Documentation must have quality, that is, it must be easy to find, easy to
understand, and easy to use [3]. Task-orientation, organization, accuracy, and visual
effectiveness are among all documentation quality attributes, the most difficult
ones to achieve on framework documentation [2].

From the reader’s point of view, the most important issues are on providing
accurate task-oriented information, well-organized, understandable, and easy to
retrieve with search and query facilities. From the writet’s point of view, the key
issues are on selecting the contents to include, on choosing the best representation
for the contents, and on organizing the contents adequately, so that the
documentation results of good quality, while easy to produce and maintain.
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Figure 1. Documentation artefact patterns and their relationships.
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Patterns overview

To describe the patterns, we have adopted the Christopher Alexandet's pattern
torm: Namse-Context-Problem-Solution-Example |4]. Before going to the detail of each
pattern, we will overview the pattern language with a brief summary of each
pattern’s intent. For contextual purposes, all the artifact patterns are overviewed
below and depicted in Figure 1. highlighting the two patterns described in this

papet.
Documentation Roadmap helps on deciding what to include in the documentation

overview to provide readers of different audiences with useful and effective hints
on what to read to acquire the knowledge they are looking for [1].

Framework Overview suggests providing introductory information, in the form of a
framework overview, briefly describing the domain, the scope of the framework,
and the flexibility offered, because contextual information about the framework is
the first kind of information that a framework user looks [1].

Cookbook & Recipes explains how to provide readers with information that explain
how-to-use the framework to solve specific problems of application development,
and how to combine this prescriptive information with small amounts of
descriptive information to help users on understanding what they are doing.

Graded Examples describes how to provide and organize example applications
constructed with the framework and how to cross-reference them with the other
kinds of artefacts (cookbooks, patterns, and source code).

Customizable Points describes how to provide readers with task-oriented information
with more precision and more design detail than cookbooks and recipes, so that
readers can quickly identify the customizable points of the framework (hot-spots)
and to understand how they are supported (hooks).

Design Internals explains how to provide detailed information about what can be
adapted and how the adaptation is supported, by referring the patterns that are
used in its implementation and where they are instantiated.

Reference Guide suggests what to include as reference information and how to
structure the documentation to make it the most complete and detailed as possible
to assist advanced users when looking for descriptive information about the
artefacts and constructs of the framework.

Traversable Code provides hints on how to organize and present source code, both of
the examples and the framework itself, when desired, to make it easy to browse
and navigate, from, and to, other software artefacts included in the overall
documentation, namely models and documents.

Error Recovery Guide explains how to help users on understanding and solving the
errors they encountered when using the framework.
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Pattern

Problem

Forces

Solution

Cookbook & Recipes

The quality of information explaining how-to-use the framework is very important
to achieve its effective reuse. In most of the cases, the informal communication
channels between framework developers and framework users are not available
anymore, and, as a result, all information has to be communicated in alternative
ways, with different kinds of manuals delivered with the framework, possibly using
different media (documents, animations, videos).

To help application developers being effective on the reuse of a framework, ideally,
the documentation should be organized in a way that can help readers quickly
locate the explanations they strictly need to learn how to use the framework patts
required to implement the specific features of the application at hands.

How to help readers on quickly learning how to use a framework?

Task-orientation. Readers want to learn how to use the framework, so the
documentation must focus on real tasks that users really want to perform, instead
of artificial tasks, imposed by the framework.

Balancing Prescriptive and Descriptive information. To be effective, the documentation must
achieve a perfect balance between the level of detail of the instructions provided to
guide the usage of the framework, and the level of detail and focus used to
communicate how the framework works, i.e. its design internals. This perfect
balance may vary with the reader of the documentation, and thus the “one size fits
all” solution doesn’t work here.

Different Audiences. Readers of different audiences have different needs and interests
that must be addressed by the documentation. New framework users want to
identify, understand and manipulate the flexible features of the framework they
need, as quick as possible, without being forced to understand the detail of the
whole design, but only its basic architecture (static and dynamic views). More
advanced users may want to learn how to do less common customizations that
possibly require a more detailed understanding of the framework’s internal design.

Completeness. Readers appreciate complete information, i.e., that all possible
customizations are mentioned, with all the possible detail, but this is not always
feasible, as it largely depends on the reader’s point of view and the tasks to
suppott.

Easy-to-use. The resulting documentation must be easy to use, otherwise readers
would need to spend more time than needed to browse it, and can get lost on it.

Provide a collection of recipes, one for each framework customization, organized in
a cookbook, which acts as a guide to the contents of all its recipes.

Cookbook. A good cookbook is specific to a particular framework. Users search the
cookbook for the recipe that is most appropriate for their needs, and when found,
they follow the steps it describes. Recipes in a cookbook are usually organized in a
spiral approach, where the most common forms of reuse are presented early, and

C1-4



Patterns for Documenting Frameworks Partll

Variants

concepts and details are delayed as long as possible. A framework overview is often the
first recipe in a cookbook [5], being responsible for presenting the framework.

Recipe. A recipe is a document that informally describes how to use the framework
to solve a specific problem of application development [6]. Recipes present
information in natural language, perhaps with some pictures and fragments of
source code. Although recipes are rather informal documents, they are usually
structured in:

® a purpose section
e ahow to do section containing a sequence of steps to follow, and

e explicit, or implicit, references to other recipes, models, examples and
fragments of soutce code.

The most important kind of information provided by cookbooks and recipes is
prescriptive information, which instructs users on how to use and customize the
flexibility features provided by the framework. In addition, they also informally
describe architectural constructs and design details, but only in a very small
amount, the amount strictly needed to help users understand minimally what they
are doing,.

The best kind of documentation for beginners seems to be one that provides
detailed instructions for using each individual feature of the framework without
describing in detail all the theory behind them. Considering that the main purpose
of a framework is to reuse design, if it is well designed, then there must exist large
parts of its design that are easy to reuse even without knowing them.

On the other hand, to start using a framework without having a clear
understanding of it seems to be wrong at first, but the fact is that people can’t
understand well a framework until they have really used it. The effective
understanding of a framework thus requires that theory follows practice [7]. After
the first use, the framework user has a much better understanding of what the
framework does and is more capable to understand how it works, ie. to
understand its internal design details.

Active cookbook. The active cookbook is a specialization of the cookbook concept
that provides active guidance to framework users [7]. Active cookbooks extend the
cookbook idea with a hypertext representation, a visual development environment
and supporting tools. The tool support provided by active cookbooks helps the
user navigate the steps of the recipes and provide the tools needed in each step,
thus increasing the productivity.

Johnson’s patterns. Johnson documented the HotDraw framework [7] using a pattern
language comprising a set of patterns, one pattern for each recurrent problem of
using the framework. The pattern language organizes the documentation, as a
cookbook does with the recipes, and each pattern provides a format for each
recipe.

To avoid confusion with design patterns, the term motif was later introduced in [§]
to name Johnson’s patterns [7]. The description of a motif has sections similar to a
recipe, except that use additional references to design patterns, to provide
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Examples

information about the internal architecture, and references to contracts for a more
rigorous description of the collaborations relevant to the motif.

Hook description. Hook descriptions were first introduced in [9] and present
knowledge about framework usage, providing an alternative view to design
documentation. Hook descriptions provide solutions to very well-defined
problems. They detail how and where a design can be changed: what is required,
the constraints to follow, and effects that the hook will impose, such as
configuration constraints. A hook description usually consists of a name, the
problem the hook is intended to solve, the type of adaptation used, the parts of the
framework affected by the hook, other hooks required to use this hook, the
participants in the hook, constraints, and comments. Hooks can be organized by
hot spot: a hot spot tends to have several hooks within it. The usage of hooks can
be semi-automated.

Cookbooks and recipes were historically the first technique used to document
frameworks, namely the MVC framework [5] and the MacApp framework [10].

Junit. Figure 2. presents a recipe for writing a simple test with JUnit, the first of the
five recipes contained in the cookbook provided with JUnit, the “JUnit Cookbook”
document [11].

9 Junit Cookbook - Mozilla Firefox 1Ol x|

Fle Edt Wew Go Bookmatks Tools Help

Q:l - L:/\> - @ |:| @j I._; http:ffjunit, sourceforge. net fdocjcookbookcookbook, htm j @ Go I@,
Unit Cookbook

Eent Becl, Erich Gamma

Here 15 a short cookbook showing you the steps you can follow in writing and organizing your own tests using Tt

Simple Test Case

How do you write testing code?

The simplest way is as an egpression in a debugger. Tou can change debug expressions without recotnpding, and you can wait to decide
what to write until wou have seen the nunning objects. You can also write test expressions as statements which print to the standard output
stream. Both styles of tests are limited because they require human judgment to analyze their results. Also, they don't compose nicely- you
can otly execute one debug expression at a time and a program with too many print staternents causes the dreaded "Scroll Blindness"

Tt tests do not require human judgment to mterpret, and it is easy to run many of them at the same time. When you need to test
something, here is what you do

1. Create an instance of TestCase:

2. Create a constructor which accepts a String as a parameter and passes it to the superclass.

3. Cvernde the method runTest()

4. When you want to check a value, call assertTrue() and pass a boolean that is true if'the test succeeds

For example, to test that the sum of two Moneys with the same currency containg a value which is the sum of the values of the two Moneys,
wnte:

public void testSimpleidddi) {
Money ml2CHF= new Money (12, TCHF"):
Money wl4CHF= new Money (14, "CHF"™);
Money expected= new Money (26, "CHF"):
Money result= mlZCHF.add(ml4CHF) ;
assertTrue (expected.equals (result) ) ;
H

If you want to write a test similar to onie you have already written, write a Foture instead. When you want to run more that one test, create a

Suite
[

Figure 2. Example of a recipe for writing a simple test with JUnit.

C1-6



Patterns for Documenting Frameworks Partll

Consequences

swing. The Sun’s JFC/Swing framework [12] contains several recipes organized in
several cookbooks. Figure 3. shows the cookbook related with layout managers,
which contains a set of recipes explaining how to use layout managers. Figure 4.
shows a specific recipe explaining how to use a BorderLayout manager.

Trail: Creating a GUI with JFC/Hwing
Lesson: Laying Cut Components Within s Container

How to...

Each of the following pages describes how to use a particular kind layout manager. Another way to get to these pages is through
A WVisual Guide to Layout Managers ¢

+ Hew to Use BorderLayout
+ How to Use BoxLayout

+ How to Use CardLayout

* How to Use FlewLayout

+ How to Use GridBaglayout
* How to Tse GridLayout

+ How to Use Springlavout

Figure 3. Example of a cookbook from Swing framework to teach how to use layout managers.

Trail: Creating s GUT with JFC/Bwing
Lesson: Laying Out Components Within a Container

How to Use BorderLayout

Here's a snapshot of an application that uses a BorderLayoury,

[ BorderLayoutDemo

Button 1 (PAGE_START)

Button 3 (LINE_START) Button 2 (CENTER) 5 (LINE_END)

Long-Named Button 4 (PAGE_END)

Tou can tun BorderLayoutDeme using Tava™ Web Start’. Itz code is i BorderLayoutDemo. JEvag.

As the preceding picture shows, a BorderLayout has five areas. These areas are specified by the BorderLayout constants
FPAGE START, PAGE END, LINE S3TART, LINE END, and CENTER.

Version note: Before 1.4, the preferred names for the various areas were different, ranging from points of the
compass (for example, BorderLayour . NORTH for the top area) to wordier versions of the constants we use m
our examples. The constants our examples use are preferred because they are standard and enable programs to
adjust to languages that have different orientations

If you enlarge the window, the center area gets as much of the available space as possible. The other areas expand only as
tnuch as necessary to fll all avalable space. Oftet, a container uses only one of two of the areas of the BorderLayout — just
the center, or center and bottom, for example

The following code adds components to a frame's content pane. Because content panes use BorderLayout by default, the
code doesn't need to set the layout manager. You can find the whole program m BorderLayoutDemn. javagy,

.../ Container pane = aFrame.getContentPane()...
JButton button = new JButton("Button 1 (PAGE_START)"):
pane.add(button, BorderLayout.PAGE 3TART);

Figure 4. Example of a recipe from Swing framework to teach how to use the BorderLayout manager.

Providing a cookbook and recipes for a framework helps improve its task-
orientation, usability, and helps on combining prescriptive with descriptive
information.

Because cookbook and recipes focus on teaching how-to-use a framework, it is
useful to combine them with concrete or running examples, and references to the
related customizable points and source code.
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Pattern

Problem

Forces

Solution

Graded Examples

Information explaining what a framework can be used for is of great value for
potential users, as it helps them to evaluate the appropriateness of the framework
for the application at hands, and thus fundaments the selection, or rejection of a
framework.

The first usage of a framework is always the hardest one as it may simultaneously
involve the learning of the problem domain, the domain covered by the
framework, and the range of solutions for which the framework was designed and
is applicable. Subsequent usages of a framework can be easier

How to belp readers on evaluating the appropriateness of a framework to his particular
application at hands?

How to help readers on getting started fast using a framework?

Task-orientation. Framework users want practical information illustrating what can be
done with the framework, and how-to-use it.

Different Audiences. A framework selector is someone (manager, project leader,
developer) who is responsible for deciding which frameworks to use in an
application development project. Among other information, framework selectors
will look for the domain covered and an explanation of the most important
features of the framework. New framework users want to identify, understand and
manipulate the flexible features of the framework they need, as quick as possible,
without being forced to understand the detail of the whole design, but only its
basic architecture (static and dynamic).

Cost-effectiveness. Unfortunately, for many frameworks, the source code of example
applications is the first and only documentation provided to framework users, as
they can be produced during framework development without extra effort.

Provide a small but representative graded set of training examples to illustrate the
framework’s applicability and features, each illustrating a single new way of
customization, and eventually all providing complete coverage.

The usage of hypertext links in the source code and the availability of executable
code are a valuable help for understanding the examples.

Set of examples. A good set of examples can serve as a live catalogue for the basic
vocabulary of the problem domain and the key features of the framework,
constituting a perfect complement to all other purposes of documentation. A
proper selection of examples can be very effective for illustrating the domain
covered, how-to-use the framework, and revealing some design internals.

Examples. Examples play a key role in framework documentation as they make a
framework more concrete, they help on understanding the flow of control, and are
easier to understand than design abstractions, although less general.
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The source code of example applications constructed using the framework is often
the first documentation provided to application developers. The usage of hypertext
links in the source code and the availability of executable code are a valuable help
for understanding the examples.

The cost of producing examples to deliver with the framework is usually reduced,
if well planned, as the examples can also be used to drive the development, to
verify the real reusability of the framework, and to help on documenting the
framework.

The examples must be used to show what the framework is good for, and not for
showing how to use the framework, nor for explaining how the framework is
designed.

Because good examples help new users on getting started fast, the study of working
examples is a nice and motivating way of learning a framework, and help drive the
learning of the framework to the points of most interest to users, thus making the
learning more effective.

Examples The documentation of many successful frameworks provides a lot of examples,
which make them easier to understand, to use, and to extend [16]. It was observed
that the most typical documentation of successtul frameworks includes examples
that work right “out-of-the-box”. Some examples are: MVC [7], ET++ [13], and
Java Swing [14].

Junit. Figure 6. presents an extract from the article “Test Infected: Programmers
Love Writing Tests” [15] that uses and describes an example named MoneyTest
provided with JUnit.

Example e

As youread, pay attention to the mterplay of the code and the tests. The style here 15 to wrie a few lnes of code, then a test that should
run, or even better, to wnte a test that won't run, then write the code that will malce 1t run.

The program we write will solve the problem of representing atithmetic with multiple currencies. Arithmetic between single currencies is
trivial, yeu can just add the two amounts. Simple rumbers suffice. You can ighore the presence of currencies altogether.

Things get more interesting once multiple currencies are involved. You cannot just convert one currency into another for doing arithmetic
since there is no single conversion rate- you may need to compare the value of a portfolio at vesterday's rate and today's rate.

Let's start simple and define a class hloney to represent a value in a single currency. We represent the ameount by a simple mt. To get full
accuracy you would probably use double or java math BigDecimal to store arbitrary-precision signed decimal numbers. We represent a
currency as a string holding the ISO three letter abbreviation (753D, CHF, etc.). In more complex implementations, currency might
deserve its own object.

class Money {

private int fimount;
private Itring fCurrency:

public Moneyiint amount, 3tring currency)] {
famount= amount;

fCUrrency= cCurrency;

}
public int amount() {

return fimount;
+

nihlie Strine currenceil 0

Figure 5. MoneyTest: an example provided with JUnit.
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Consequences

Swing. Swing provides a rich set of graded examples, very helpful for both new and
experienced users on better evaluating the applicability and feasibility of the
framework regarding the specific needs of the application at hands. Figure 6. shows
part of a Swing tutorial fully based on examples.

The Java™ Tutorial =
Search
=] modl [==]| Start of Tutorial » Start of Trail Feedback Form
- Examples Index (1 &)

Trail: Creatitnng a GUI with JEC/Swing
Lesson: Learning Swing by Example

This lesson explains the concepts you need to use Swing components in building a user interface. First we examine the simplest Swing
application you can write. Then we present several progressively complicated examples of creating user mterfaces using components in
the javax.swing package. We cover several Swing components, such as buttons, labels, and text areas. The handling of events is also
discussed, as are layout management and accessibility. This lesson ends with a set of questions and exercises so you can test yourself on
what you've learned

Note: Mozt of the topics this lesson discusses are covered in depth in later lessons--for example, vou can get detailed
information on how to use components from Using Swing Componentsg. This lesson is designed for readers whe wart to
learn the bagics quickly by examining some simple examples

Note: You can download all the examples (including images) used in this trail from the Example Index

Example One: Your First Swing Programg,
This small exarple has all the code that every Swing application must have

Example Two: Swingapplicationg
This section takes you through the code for a small Swing application. The topics covered include: look and feel, setting up
buttons and labels, handling events, and adding borders

Example Three: CelsiusConvertery -
The third example, a program that converts a given temperature from Celsius to Fahrenheit, illustrates how to add an event listener
to a text field and display the converted temperature on a label

Example Four: An Improved CelsiusConvertery
The fourth example improves our temperature conversion example and ilustrates how to add HTML and icons to components,
seting the default butten and how to create a formatted text field.

Example Five: LunarPhasesy
The fifth example covers how to set up multiple panels, compound borders, combo boxes, and how to load multiple rmages

Figure 6. An example-based tutorial provided with Swing.

Providing a good set of graded examples for a framework is usually not expensive,
useful during framework development and testing, and helps both new and
experienced users on quickly evaluating what can be done with the framework and
also reveals a little about how to use it. Despite their value, they are however not
sufficient to completely document a framework.

Therefore, include in the examples references to the cookbook and recipes that explain
the customizable points used in the example, optionally referencing information about
the design internals and source code.
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