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This paper examines the benefits of using XML to represent source code, with a particular focus on the extens-
ibility and processability aspects.

Using as a basis for the discussion 0:XML, a general-purpose object-oriented language expressed in XML, it is
demonstrated how code can be developed, processed and repurposed using standard XML tools.

Vocabularies for Extreme Programming, Design By Contract, source code documentation and Aspect Oriented
Programming are introduced through examples, and their use is examined in some detail. A method for layering
information using XML namespaces is presented. |mplementations of the extensions using code transformations
are also provided.

The paper demonstrates how the often cited separation of content from presentation achieved in XML publish-
ing has a parallel in software development with the separation of logic from implementation. Using XML, soft-
ware developers are no longer limited by the programming language in what tools and abstraction mechanisms
are available. The source code and the development process itself can be customised to individual needs by
combining elements from different methods and methodol ogies.
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Introduction

There seems to be no end to the innovations that we come up with in our attempts to make software develop-
ment practices more efficient and reliable. The art of writing good code is only one side of it, the art of main-
taining that code is quite another. To make it feasible to update, upgrade, and enhance we have to document, test
and sometimes prove the code. And code updates are one of the most persistent parts of software project life-
cycles. To fix bugs, accomodate changing requirements, add or improve functionality we make hundreds, if not
thousands of changes. And then it's time for another set of requirements, and another release!

Good development practices makes code maintenance much less painful. Unit testing and effective use of pro-
gramming assertions means that we don't go looking for bugs where there are none. Comprehensive documenta-
tion helps us understand the code and models that we are working with.

When examining all the different activities of software development, not only code pushing, it becomes clear
that traditional source code formats leave alot to be desired. XML has severa distinctive qualities that makes it
a highly attractive alternative. This paper focuses on two of them - extensibility, and the ease with which it can
be processed.

Using XML we can extend our source code to include exactly the information we want, whether its documenta-
tion, test cases or process-related data. With extensions we can incorporate our methodology of choice, or com-
bine elements from different programming methods. The source code becomes not just a program description,
but a hub of useful, repurposeable information.

Code transformations make it possible to employ methods and abstraction mechanisms that are not compatible
with most programming languages. This does not require specialised compilers or execution environments,
simply the fact that the code itself can be processed by standard XML toolsis enough.

The focus of this paper is object-oriented development using 0: XML, but many of the ideas expressed can easily
be extended to other languages and paradigms.
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Chapter 1. XML and Software
Engineering

This paper examines how using an XML-based programming language can drastically improve several aspects
of software development.

Better Quality Code. The quality of the code that we produce is determined not only by our own individual
coding talent, but also by the abstraction mechanisms that we use. Theoretically we could write all programs as
a single long sequence of commands and gotos, but it is unlikely that we will produce decent programs unless
we have some means of abstraction. Procedural and functional programming both provides such means, object
oriented design and development gives us several very powerful means of modelling complex systems.

In Chapter 3, Enabling Technology we look at another very powerful abstraction mechanism, Aspect Oriented
Programming. Used together with XML, AOP can be applied in a simple, declarative way, with an implementa-
tion based on code transformations that does not require any special compiler or interpretor. This demonstrates
one of the consequences of using XML in software development, that programs are no longer static descriptions
of logic but can be transformed and repurposed.

Improved Reliability. We will look at two alternative methods for ensuring that the code we write does what it
is supposed to do. The first one is Test Driven Devel opment, often mentioned together with Extreme Program-
ming or Agile Software Development. The idea with TDD is that as a programmer, you first write the test and
then the code. Hence the proof that the code works, or doesn't work, exists right from the start. We present a
simple, effective method for writing tests into your types and functions, without in any way compromising the
code.

The second method presented is Design by Contract. DbC takes the view that the system specification isin fact
acontract that has to be fulfilled by both the code and the client/user. For each software element, there should be
a clause (or severa) in the specification saying what the code can expect as input, and what it must produce as
output. These clauses are then written into the code as assertions. If any part of the system does not fulfill the
contract, ie fails the specification, it is made obvious by an assertion failure.

Leveraging the extensible properties of XML, either or both methods can be seamlessly integrated in away that
would be impossible with traditional programming languages.

Better Quality Documentation. Often good documentation is created by reusing information that is aready
available. If you've written a constructor function that takes five parameters, you shouldn't have to repeat that
fact in the documentation. A great deal of information is already encoded in the function definition. Using an
XML-based programming language, this information can easily be harvested, for example by an XSL
stylesheet. Because the information is not tied into a particular syntax, it becomes available to a much wider
range of processing tools. Furthermore and thanks to the extensibility of XML, the format for inline documenta-
tion can be adapted to the particular needs of documentation, rather than the syntax limitations of the program-
ming language.

The purpose is not to compare development paradigms or methods, ssmply to demonstrate how different ap-
proaches can be easily and naturally integrated using XML. That XML is both extensible and easily processed
opens up aworld of possihilities when applied to software development.

Introducing o0: XML

0:XML is an aobject-oriented language expressed in XML. Unlike XSLT, which is afunctional language created
to solve the problem of transformations, 0:XML is a general-purpose procedural language. Like many other
modern languages it is dynamically typed.

The result of running an 0:XML program is either a stand-alone XML document or an XML fragment. Literal
XML included in a program is simply copied to the output (as long as it's not in the 0:XML namespace). Fur-
thermore 0:XML fragments can be included in any XML document - when processed by an 0:XML engine the
statements will be executed in turn and replaced with their respective output.

The o:XML processing model does not mandate an input document. Programs can open files or input streams
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XML and Software Engineering

but aren't required to take any input at all. This makes it possible to embed dynamic content in XML documents,
and it gives the language a wider range of applicability.

Since every 0:XML program is an XML document it lends itself to processing. This also makes it smple and
safe to generate 0: XML, using for example an XSL stylesheet or another 0:XML program.

0:XML has an expression language which is amost identical to XPath. The one additiona construct is the dot
operator, which is used to denote type functions. Type functions can be invoked on any node, and every object
in 0:XML isanode. The effect of calling a type function on a nodeset is the same as calling it on every node in
the set (composition).

The expression language can be extended with user defined functions. There's a range of built-in types repres-
enting XML constructs - String, Number, Boolean, Element, Attribute, Document, etc. There are also types for
exceptions and exception handlers. User defined types inherit functionality from one or more parent types
(multiple inheritance). Type variables are available within the type functions same as any other variable, thereis
also the specia variable $t hi s which refers to the node that the function was invoked on. All type variables
are private, and so can only be accessed by the declaring type.

The reference implementation of 0:XML is ObjectBox, a compiler and interpretor written in Java. 0:XML
source code can interpreted, or it can be transformed to produce platform-specific code. This gives separation of
responsibility, similar to the distinction between content and presentation in XML publishing.

Figure 1.1. Source Code Transfor mations

Below is a ssimple example of an 0:XML program. See Appendix E, 0: XML Quick Reference for a summary of
0:XML constructs and statements.

Example 1.1. o:XML Type Definition

<o0: program xm ns: o="http://ww. o-xmn . org/l ang/"
xm ns: ex="urn: exanpl es" >

<0:type nanme="ex: Stack">
<o: parent nane="Node"/> <!-- default parent type -->
<o:variable name="itenms"/>

<!-- type function -->
<o: function nanme="push">
<o0: param nane="itenl/ >
<o0: do>
<0:do select="$itens. add(Sitem"/>
</ 0: do>
</ o:function>

<o: function nanme="pop">
<o: do>
<o:return select="S$itens[last()].renmove()"/>
</ 0: do>
</ o: function>

<o: function name="enmpty">

<o0: do>
<o:return sel ect="count($itens) = 0"/>
</ 0: do>
</ o:function>
</ o:type>
<0:set stack="ex: Stack()"/> <!-- uses default constructor -->

<0:do sel ect ="$stack. push(' hello')"/>
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<0: do sel ect =" $st ack. push(' goodbye' )"/ >

<o: whi l e test="not ($stack. empty())">
<o: 1 og neg="pop: {$stack.pop()}"/>
</o:while>

</ o: pr ogr anp

0:XML has many features which will not be covered here. Instead the language is used as the basis for a more
genera discussion about XML and software development. For more information about the o:XML project,
please see the 0: XML Web Site [http://www.o-xml.org].
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Chapter 2. X is for eXtensible
Abstract

We present three distinct XML vocabularies and demonstrate integration with o:XML source code. The vocabu-
laries relate to interface documentation, unit tests and Design By Contract conditions. By layering the informa-
tion with XML namespaces, syntax conflicts are avoided and selective processing can be performed using stand-
ard XML tools.

Automated unit tests and the implementation of Design By Contract using code transformations is explained in
detail. There is aso a discussion on the use of extension elements to customize the development process, using
Extreme Programming and Design By Contract as examples.

Embedding Documentation

Practically all programming languages provide support for embedding documentation with the source code in
the form of comments. Some support a standard syntax for documenting application interfaces, and have tools
that automatically generate documentation. In the case of Java, this has resulted in vast improvements in the
overall situation of API documentation. One problem is that in order to harvest the documentation, you need to
parse and understand the source code.

In 0:XML, the core language does not provide a documentation or commenting mechanism. Instead, thisis ac-
complished by adding in a documentation vocabulary, a new syntax superimposed on the code syntax. Clean
separation from the actual codeis achieved by using separate XML namespaces.

The advantage of using extensions this way is that they can be as simple or as sophisticated as is deemed neces-
sary. Since there is no conflict with the source code, there are no real limitations to how the vocabulary is con-
structed. Furthermore existing XML vocabularies can be effectively reused. In the case of adding documentation
to our source code, it would be quite easy to incorporate an existing format such as DocBook
[http://www.dochbook.org].

The vocabulary we use for 0:XML is based on the specific requirements of documenting code - it covers func-
tion and procedure parameters, return values, exceptions and similar information, and it takes full advantage of
the code context.

Example 2.1. Embedding Documentation: Node.insertBefor e(Node)

<o0:type nanme="Node"
xm ns: o="http://ww. o-xm .org/l ang/"
xm ns: doc="http://ww. o-xnl . org/l ang/ docs" >

<doc: p>Node is the base type of all other types.</doc: p>

<o: function nanme="i nsertBefore">
<0: param name="ot her"/ >
<doc: p>
I nsert anot her node before this one in the parents set of child nodes.
</ doc: p>
<doc: par am nanme="ot her">The node to insert.</doc: paranp
<doc: return>The current node. </ doc:return>
<o0: do>
<l-- function body -->
</ o: do>
</ o:function>

</ 0: type>
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X isfor eXtensible

The above example is taken from the 0:XML Node interface definition. All components in the namespace pre-
fixed by o: pertain to the core 0:XML language and make up the actual type definition.

To produce good quality documentation from this markup, the documenting process must be able to take certain
information from the code context - things like type name, function names, parameter information etc. The exe-
cution environment however does not need to know anything about documentation - it can happily disregard
markup that it doesn't recognise.

This gives us a separation of responsibilities - and the ability to write simple but effective tools to process only
certain aspects of the source code. We can easily generate HTML with an XSLT stylesheet using the document-
ation format in the above example.

Example 2.2. Generated Documentation: Node.insertBefor e(Node)

For further examples of what documentation generated from the ObjectBox source tree looks like, see Ap-
pendix A, API Documentation (ObjectBox is the 0:XML reference implementation).

In an attempt to limit the scope of this paper we will not cover the topic of Literal Programming. For a discus-
sion about using XML as the basis for Literate Programming, see for example [Wals01]. It is worth noting that
using 0:XML, the central problem of embedding code is no longer an issue.

More Extensions - Embedding Unit Tests

Automated tests form an important part of most medium to long term development projects, as regression test-
ing is generally required with every software release. The 0:XML compiler and interpretor uses an XML format
for embedding unit tests with the type interfaces. This provides verifiable compliance, and the build and deploy-
ment procedure automatically produces comprehensive test reports with details on code coverage.

We define atest to consist of::

e Test definition - the logic that runs the test
* Input data
*  Expected result

To capture this we declare three corresponding elements in our unit test namespace, plus one test element to
wrap them in. Here follows a simple example of testing a String | engt h() function:

Example 2.3. Unit Test: String.length()

<o: functi on nane="| engt h">
<doc: p>Get the size of this string</doc:p>
<d08:return>The nunber of characters in this String</doc:return>
<o: do>
<l-- function body -->
</ 0: do>
<xp:test>
<xp:definition>
<o:return select="string($input).length()"/>
</ xp:definition>
<xp:input>how long is a piece of string?</xp:input>
<xp:resul t >30</ xp:resul t >
</ xp:test>
</ o:function>

Note
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In the o:XML implementation of unit tests, the input data set is available in the test definition through
the (implicit) $i nput variable.

Out of the three unit test subelements only the test definition is mandatory, since we can achive much of the ac-
tual code verification with assertion statements.

Example 2.4. Unit Tests: Node.copy()

<o: function nane="copy">
<doc: p>
Create a deep copy of this node - all child nodes will be copied as well.
</ doc: p>
<doc: sane>Node. deep(true()) </ doc: sane>
<doc: return>A deep copy of this node. </doc:return>
<o: do>
<l-- function body -->
</ o: do>
<Xp:test>
<xp:i nput >
<test attrl="one" attr2="two">
<one>one</ one>
<t wo>t wo</ t wo>
</test>
</ xp:i nput >
<xp: definition>
<o:vari abl e nane="copy" sel ect="3$i nput/test.copy()"/>

<l-- assert that we have copied the child nodes -->

<o0: assert test="count($copy/test/*) = 2"/>

<l-- assert that we have copied the attributes -->
<o0:assert test="$copy/test.attribute('attrl’') = 'one'"/>

</ xp: definition>
</ xp:test>
</ o: function>

Furthermore we want to declare a test definition once and reuse it for many different datasets. Also we would
like to declare datasets separately and reuse them in different tests. The format for specifying testsis fairly flex-
ible, the above could have been expressed using a predefined test definition and datasets:

<!-- declare the test definition and datasets first -->
<xp: definition nane="CopyTest">
<o:vari abl e nane="copy" sel ect="3$i nput/test.copy()"/>
<o0: assert test="count($copy/test/*) = 2"/>
<o:return sel ect="%$copy/test.attribute('attrl')"/>
</ xp:definition>

<xp: dat aset nane="el emrent ">
<test attrl="one" attr2="tw">
<one>one</ one>
<t wo>t wo</ t wo>
</test>
</ xp: dat aset >

<xp: dat aset nane="CopyTest Resul t ">one</ xp: dat aset >

<xp:test name="CopyTest1l">
<xp:definition ref="CopyTest"/>
<xp:input ref="elenent"/>
<xp:result ref="CopyTestResult"/>
</ xp:test>

Using both documentation and unit test extensions we now have three layers of content, with the source code it-
self providing the structure and context.
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The 0:XML test vocabulary has been designed to capture and represent tests as accurately as possible. Since
they don't have to bend around the syntax rules of the language, the test declarations provide valuable informa-
tion and can be reused, processed and transformed. Asit turns out it is quite simple to transform the declarations
into executable test suites, producing XML reports on both results and code coverage.

Figure 2.1. Test Suite Process Flow

Using XML to carry the information through the test and documentation process means that each step uses the
same data format, and can be implemented with standard XML processing tools. Consegquently when we want to
make alterations to the process, whether to produce a different output format or to completely repurpose the
data, these can easily be implemented.

As the diagram shows, the result of transforming our String type will itself be an o:XML program. The
String. | engt h() unittest would look like this:

Example 2.5. Generated Test: String.length()

<o0:type nanme="Test">
<o:variable name="input"/> <!-- test input vector -->
<o:variable name="result"/> <!-- expected test result -->

<o: function nane="Test">
<o0: param nanme="i nput "/ >
<0: param name="result"/>
<o0: do/ >

</ o:function>

<o: function nane="run">
<o0: do>
<o:set ret="$this.test($input)"/>
<0:assert test="$ret = $result"/>
</ o: do>
</ o: function>
</ o:type>

<o:type name="xp: Test1">
<0: parent nane="Test"/>

<o: function nanme="xp: Test 1" >
<o: param name="i nput "/ >
<o0: param name="resul t"/>
<o: parent name="Test" sel ect ="Test($i nput, $result)"/>
<o: do/ >
</ o:function>

<o: function nane="test">
<o0: param nanme="i nput"/>
<0: do>
<o:return select="string(%input).length()"/>
</ 0: do>
</ o:function>
</ o:type>

The Test typeiscommon for all unit tests. The unit tests are controlled by a generated TestSuite that initialises
all Tests with the right input and expected result values. The TestSuites also produce a report when running the
tests, detailing which ones failed, and why. Coverage data is gathered by the source transformation stylesheet.
From the XML test results it is easy to generate for example an HTML formatted report for browser viewing
(see ObjectBox report sample below). A more sophisticated example would be a system test report in PDF
format, with SV G graphs showing test coverage and compliance, that forms part of the product release docu-
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mentation.

Example 2.6. Test Report: String.length()

For a more complete example of generated report output see Appendix B, ObjectBox Test Report.

X is for eXtreme - Applying Methodologies

More and more people are taking on board the ideas described by Kent Beck as Extreme Programming, or XP
for short (see [Beck99]). A prominent feature of XP is the emphasis on unit testing, or test driven development,
and the integral part it plays throughout the development cycle. According to XP, tests should be written before
the actual code, to validate that whatever code there is actually works.

For this to work well, writing tests and verifying the results must be as easy as possible and not take up more
time than necessary. It also helpsif there is a very clear distinction between what is deployment code, and what
forms part of the tests.

As part of the requirements process, most software projects (whether XP projects or not) define test cases that
determine when the requirements are met. Using XML and the sort of information layering employed in the pre-
vious section, it is possible to include both the requirements as well as test cases in aformat that makes accept-
ance test reports part of the build cycle.

It is then easy to monitor the progress of the project - what part of the system is causing problems, what part is
near or far from completion. While the generated reports can't be any more accurate than the tests that produces
them, it gives adifferent level of transparency to devel opment work, without introducing any real overhead once
the build and test procedure has been created and automated.

Another aspect of XP is collective code ownership. More than ever, here it really helps having a simple yet ef-
fective code and design documentation system. The other advantage is that irritating details like indentation,
line-breaks etc become irrelevant once you're using an XML editor to write code with. If the team decides on a
set of coding standards or conventions, then an XML schema can be created to enforce them, or source code can
be transformed into the agreed format when submitted to the code repository.

To summarise, using XML gives the individual, as well as the project team, more room to define the devel op-
ment process, more tools to use and less limitations and trade-offs. By layering information nothing is lost and
nothing is compromised. If you can express something well using XML then it can be seamlessly integrated
with the source code.

Design by Contract

Extreme Programming is not the only development method to gain popularity recently. An alternative approach
is provided by Design by Contract, as exemplified by and integrated in the Eiffel language (see [Meye91]). DbC
draws on the notion of viewing the application specification as a contract - if the user or client does this, the pro-
gram or system component must do that.

Just as in a common-law contract between a supplier and a client, there are two sides to a DbC contract. Thisis
represented by function postconditions and preconditions - preconditions say what the client must do, while
postconditions determines what the code must do. (This can also be seen as input/output rules, but only if you
take into account the change of state that a function effects.)

Apart from pre- and postconditions, which are defined on individual type functions, DbC also lets the developer
define type (or class) invariants. Invariants are a sort of global conditions, they must hold true for every type
function both before and after its invocation (the exception is constructor methods, where invariants are only
verified when the function exits).

The way that conditions are enforced is generally by the use of programming assertions. Typically an applica
tion developed using DbC goes through development and test cycles with all assertions operational, but is then
built for production (once specification compliance has been verified) with some or all assertions disabled.
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The key point in DbC lies in creating the specification. Firstly it has to cover all parts of the application, so that
it can say for each software element what it is supposed to do. Secondly it must be defined in or translated to a
form that can be machine-verified. Usually, from the hopefully unambiguous statements of the specification we
write expressions that can be used as assertions.

As aproof of concept and for the purpose of this paper, the author has created an XML notation for expressing
pre/post conditions and invariants. These components were designed to be used within an 0:XML type declara-
tion, using o:Path expressions for conditions, but could probably be easily adapted for other languages.

Example 2.7. Design By Contract: Definitions

<o:type ... >
<dbc:invariant test="Expression"/> *

<o: function ... >
<dbc: pre test="Expression"/> *
<dbc: post test="Expression"/> *
</ o: function>
</o:type>

We also want to be able to give certain meta-information about the conditions. This could be a reference to the
relevant part of the specification, or simply what error message should be generated if the condition is broken.
For simplicity we add an optional error attribute to our three DbC elements. Now on to the example - an 0:XML
FILO (First In Last Out) stack implementation:

Example 2.8. Design By Contract: Stack Type

<o:type nane="Stack">
<o:variable nane="itens"/>
<o:variabl e nane="capacity"/>

<dbc:invariant test="count($itens) & t;= $capacity"”
error="stack overflow"/>

<o: functi on nanme="St ack" >
<0: par am nanme="capacity"/>
<o: do/ >

</ o:function>

<o: functi on nane="pop">
<dbc:pre test="count($itenms) &gt; 0" error="stack underflow "/>
<o: do>
<o:return select="S$itens[last()].renmove()"/>
</ 0: do>
</ o:function>
</ o:type>

The invariant states that the total number of nodes must never exceed our capacity. If it does then that constitues
astack overflow error - we add that information with the error attribute.

Another error condition we have to take into account is stack underflow, which would occur if pop() wasin-
voked when the stack is already empty. That's stated by the precondition. Though we're still missing a couple of
things - for one we don't have a postcondition ensuring that the stack has shrunk after pop has been called.

When writing postconditions, we are generally interested not only in the current object state, but also in the dif-
ference before and after the function call. For example, if we have a function that removes resources from alist,




X isfor eXtensible

we want to verify that the size of the list has diminished by one. We might also want to assert that the return
value of the function call should be equal to the removed item. It would thus help if we had away of referencing
the type variables with their initial values, as well as the functions return value. We can achieve this by assign-
ing shadow variables, with names identical to the original type variables but in a different namespace. For the
return value, we assign it to the variable $dbc: r et ur n.

Example 2.9. Design By Contract: Stack Revised

<o: functi on nane="pop">
<dbc: post test="count($dbc:items) = count($items) + 1"/>
<dbc: post test="$dbc:return = $dbc:itens[last()]"/>

</ 65 f uncti on>

<o: function nane="push">
<0: param name="itent'/ >
<dbc:pre test="$itent error="enpty push value"/>
<dbc: post test="count($itens) = count($dbc:itens) + 1"/>
<o: do>
<0:do select="$itens. add(Sitem"/>
</ 0:do>
</ o:function>

Having adopted a straightforward declarative form, we will now look at how to ensure that the contract is ful-
filled. Thisis of course the implementation aspect, and we can assume that a variety of choices exist. For ex-
ample we could instruct our interpretor or execution engine so that it understands the DbC declarations and
knows how to enforce them. Or we could feed the conditions to a proof system to attempt to prove the correct-
ness of the program. The most straightforward solution however is to transform the code by adding in the re-
quired assertions. It gives us full control over which conditions are used in a certain build, and it does not re-
quire any knowledge of DbC by the interpretor or compiler (another example of separation of responsibilities).

The 0:XML implementation of Design by Contract is an XSL transformation that uses the DbC declarations to
process the code. With all assertions enabled, the resulting code will behave exactly like the original aslong as
no contract clauses are broken. If an invariant or pre/post condition is violated the program will interrupt by
throwing an assertion error. To examine the transformed version of the Stack type, see Appendix C, Design By
Contract Transformation.

Mix n' Match Extensions

In this chapter we have demonstrated how the 0: XML source code format can be extended, and how using XML
allows programs to be efficiently processed. The programming language no longer defines the limits of develop-
ment work in the types and variety of constructs it can incorporate, instead it provides an open structure to build
upon. Creating a tailored development process can be as simple as picking and choosing from a range of inde-
pendently devel oped components, to suit the unique needs of each individual software project.

Using modern XML editors with namespace and schema support it is practically impossible to write code that is
not well-formed. Syntax color-coding and folding trees means that as a devel oper you see exactly the part of the
code that you're currently interested in. Let's have alook once more at the Stack example, this time combining
all our extensions in asingle type definition.

Example 2.10. Mixing Extensions: Stack Type Revisited
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Chapter 3. Enabling Technology
Abstract

This chapter presents an XML vocabulary for Aspect Oriented Programming called Aspect ML. We give a brief
overview of the main concepts of AOP, and how they can be encapsulated using XML. We also introduce the
Reflection Tree as a model for representing reflective definitions, and explain how it can be used to select and
group logical cross-cutting sections of a program. Lastly there is a discussion on the implementation of Aspect
Oriented Programming using XML transformations.

Beyond the Object Structure

Aspect Oriented Programming seeks to address the inherent difficulty in applying Object Oriented abstraction
mechanisms to implement functionality that doesn't follow the object hierarchy. AOP techniques can also be ap-
plied to many problems in code maintenance, such as refactoring or adapting the behaviour of groups of types
and functions.

The central principle of AOP is separation of concerns, and the observation that often our concerns do not fol-
low the structure of our programs. Instead they cut across the structure, which makes them much more difficult
to implement using traditional methods. Cross-cutting concerns can be implementational in nature, like object
instantiation strategies or resource management, or they can be application-specific such as managing screen up-
dates or program output, or providing consistent behaviour across types and functions.

Generally the effect of implementing cross-cutting concerns using standard Object Oriented methods is one of
code scattering, which is what happens when the same concern is implemented over and over in many different
parts of the system. Sometimes types with scattered code can be refactored, but if the concerns are really cross-
cutting this can be anything from difficult to impossible.

In AOP, we use aspect s to encapsulate concerns, and apply them to logical cross-cutting sections of the ap-
plication.

As an example, consider the problem of managing connections in a networked application. Say that the code has
been developed and is working, but suddenly the requirements change: at no time must there be more than N
active network connections. Refactoring time. Unfortunately the code is full of explicit and implicit network
code, and the libraries used cannot themselves be refactored. To rewrite might involve removing abstraction lay-
ers, making some components network aware that otherwise need not be. The changes required are likely to be
non-trivial - what happens if there are no connections available, what if some code needs priority access, how to
avoid deadlocks, etc. Without very careful modelling, common implementation code will be scattered
throughout. After all, there might be dozens of different library classes in use that may or may not initiate net-
work connections.

The concern is clearly cross-cutting and can be captured by an aspect . Writing the implementation should be
straightforward enough, the trick is to locate the points in the program that we need it to join up with. Aspect
ML provides a declarative method for doing just that.

Aspect Markup Language

In Aspect Oriented Programming there are two main constructs used in an aspect , advi ce andi nt r oduc-
tions.

Ani nt roducti on, or inter-type definition as they are sometimes called, allows us to modify types without
editing the source code directly. It is an extremely effective way of adding in behaviour, or characteristics, to a
whole set of types at once. An example of using introductions could be to make a set of value types implement a
Printable, or Serialisable, interface.

The first thing we need is a means of expressing the information of an aspect. In the case of introductions thisis
fairly straigthforward - we declare the target type or types, and the code that we're introducing.

11



Enabling Technology

Example 3.1. Aspect ML: Introduction Definition

<ao:introduction nanme="\ane"? >

<l-- specify the target type(s) -->
<ao: type name="Regul ar Expr"? parent ="Regul ar Expr"?
ancest or =" Regul ar Expr"? nanmespace="Regul ar Expr"? /> +

<ao: decl arati on>

<l-- added verbatimto matching types -->

<l-- may include parent, variable and function declarations -->
</ ao: decl arati on>

</ ao:introduction>

The target types are selected by any combination of type name, parent type, and namespace (package) name.
The ancestor attribute denotes a parent type that is not immediate, that is a parent of a parent (of a parent...). We
can aso specify any of these in nested elements, to pick for example types that inherit from a (or any) typein a
certain namespace.

We take advantage of regular expressions to select groups or families of types, such as all types in a certain
branch of the package hierarchy.

Another key abstraction mechanismin AOPisadvi ce, which can be seen as code fragments inserted at logical
points in the program execution. The insertion points are called join points, and are grouped together in what is
known as point cuts. In the context of separating concerns, point cuts provide the means with which we single
out those parts of the code that relate to a specific concern. For example we might define a point cut for all func-
tion calls that print out system status information. The functions themselves might be spread across many differ-
ent types and modules, but applying the abstraction mechanisms of AOP we can treat them uniformly.

To define advice, we need a more sophisticated method of declaring join points than the simple type selection
we used for introductions. The applicability of AOP isto a great extent determined by the flexibility and ease
with which we can target specific groups of functionality and logical parts of the system.

By far the most commonly used join point is function calls. Firstly we want to be able to target functions de-
clared by a certain type or family of types (such as a package). It is aso important that we can be selective about
function parameters.

Example 3.2. Aspect ML: Advice Definition

<ao: advi ce nanme="Nane"? >

<ao:cut> +
<ao: type name="Regul ar Expr"? parent="Regul arExpr"? /> *
<ao: function name="Regul ar Expr"? > *
<ao: param type="Regul ar Expr"? /> *
<ao: parans type="Regul ar Expr"?
m n="Nunber"? max="Nunber | unbounded"? /> ?
</ ao: function>
</ ao: cut >

<ao: definition when="before|after|returns|throws|instead">
<l-- code fragnent -->
</ ao: definition>

</ ao: advi ce>
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The when attribute of the advice definition refers to one of the possible interception points. A function call can
be intercepted right before it is executed, when it returns or when it throws an exception. Thei nst ead option
is the same as bef or e, with the difference that the actual function will only be executed when called from
within the advice. There's also the option of using af t er , which means that the advice will run after the func-
tion call, regardless of whether it was terminated normally or by throwing an exception.

Named point cuts, as well as code definitions, can also be defined independently of any specific advice, and ref-
erenced by one or several advice sections:

<ao: cut name="QName" ... >
</ ao: cut >
<ao: definition nane="\anme" ... >

</ ao definition>

<ao:advice ... >

<ao: cut ref="QNanme" />

<ao: definition ref="QNanme" />
</ ao: advi ce>

Declaring simple advice definitions this way can be very useful, as it alows us to perform tasks before, after or
instead of the targetted function calls. However we are limited in what we can do unless we have the ability to
pass parameters from the join point to our code fragment. Usually what we want to accomplish is to join up the
arguments to the function call that we're intercepting with parameters of the advice definition.

Example 3.3. Aspect ML: Advice Parameters

<ao:advice ... >
<ao: cut >
<ao:function ... >
<ao: param name="Q\ane" ... />
<ao: parans name="QName" ... />
</ ao: function>

</ ao: cut >
<ao:definition ... >
<ao: param name="QNane" sel ect="thi s| return|throw QName"? /> *
</ ao: def i nition>
</ ao: advi ce>

The select attribute must be either a name matching the name given to a parameter in the point cut, or one of the
special namest hi s, r et ur n or t hr ow. The special names refer to the object the method was invoked on, the
return value of the function and the exception that was thrown respectively. In order not to clash, these names
should not be used as parameter names in point cut declarations.

What we're ultimately interested in is the aspect itself. We group advice and/or introductions in aspects to organ-
ise our code instrumentation. An aspect fillsa similar rolein AOP as the type, or object class, doesin OOP.

Example 3.4. Aspect ML: Aspect Definition

<ao: aspect name="QNanme"? >
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<ao:cut ... /> *

<ao: definition ... /> *
<ao:advice ... [> *
<ao:introduction ... /> *

</ ao: aspect >

We've looked at how to define aspects, advice and instructions using XML, in away that covers most conven-
tional applications of Aspect Oriented Programming. Now let's move on to include a more interesting use of
XML in AOP - to represent type information.

The Reflection Tree

Information about types, functions and other components that make up a programs definitions can be conceptu-
alised as atree. If we reconstruct the data using XML, you would imagine we get something like this:

Example 3.5. Reflection Tree Type Definition

<type nane="TypeNane">
<parent name="TypeNane"/> *
<function nane="Functi onNane" access="public]|protected|private"> *
<param type="TypeNane"/> *
</ function>
</type>

Of course, thislooks an awful lot like 0:XML source code. It's worth noting however that it would be quite easy
to construct atree like this using Java's reflection mechanism, or the parse tree of C++ source code. (More inter-
estingly, it would be straightforward to turn a query of the above tree into Java reflection method calls, but more
about that later.)

The reflection tree gives us a simple but powerful conceptual model. What's more it's a model that can be quer-
ied and indexed using an existing structural query language - XPath. If for example you want to group al func-
tions of My Type that takes at least one String parameter, you could do that using the reflection tree model and
the following X Path expression:

[type[ @ame = 'MyType']/function[paraneter/ @ype = 'String']

The tree would have to be constructed with the specifics of the targetted programming language. For example,
in the case of Java we may want to include class fields in the reflection information. The similarities of object-
oriented languages makes it possible to define a common subset, probably not too dissimilar to the above pro-
posed definition.

Now we want to include this indexing mechanism in our aspects - we do so by extending the function and type
elements:

Example 3.6. Join Pointsusing Reflection Tree

<ao: cut >
<l-- join all type functions that take paraneters of type ' MType' -->
<ao: function path="/type/function[paraneter/ @ype = ' MyType'|"/>
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</ ao: cut >
<ao: cut >
<l-- join functions of types that inherit directly from'MType' -->

<ao: function path="/typel/[parent/ @anme = 'MType']/function"/>
</ ao: cut >

<ao: i ntroducti on>
<l-- join all types that have factory functions -->
<ao:type path="/type[function/ @ane. matches('create.*")]"/>
</ ao:introduction>

Note how in the type path we use the 0:XML regular expression function mat ches() .

Instrumentation vs Transformation

Now that we've defined a data format for aspects, we want to be able to apply them to our code. As with Design
by Contract, there are afew different choices available for the way we implement this. Again we can either cre-
ate an execution engine or interpretor that understands Aspect Oriented Programming, and intercepts the target-
ted functions and types as they are being used. This is likely to not only produce an extremely complex inter-
pretor, but also have a serious impact on efficiency and reliability.

If we are lucky to use a programming language that provides the reflection capabilities required, and gives us
the ability to make code modifications at runtime (self-modifying code), we could instruct the program to instru-
ment itself. With the new reflection mechanism of 0:XML thisisadistinct possiblity.

However, since here we are interested in XML processing, we will look instead to transforming the source code
itself. One advantage of this approach is that the result of the transformation is easily verifiable. In some cases
we might even want to modify the code permanently, and have the transformed code replace the original .

The method we will use gives a further example of an interesting application of XML processing. We create an
XSL stylesheet that takes the aspect definitions as input. The output it produces is an 0:XML program, one that
itself is capable of transforming source code. This is a custom-built, automatically generated code transformer
that contains all the information of the aspect declarations.

Figure 3.1. Aspect Oriented Programming: Code Transformation

15



Chapter 4. Conclusion

XML source code: easy to extend, easy to generate, easy to transform. Transformations can be used to generate
documentation, test suites, UML diagrams, platform-specific code. Can also be used for automated code trans-
formations based on XML definitions, such as applying AOP aspects or DbC assertions.

Extensions make it easy to integrate highly specific or proprietary information with the code. This includes ac-
ceptance tests, component or unit tests, design metainformation and specialised documentation such as the rel-
evant parts of the requirements or specification.

XML source code can be generated - test suites from test definitions, type interfaces from UML diagrams, code
transformers from aspect definitions.

Using namespaces to separate extensions and source code means that there is never any conflict or compromise.
By using well-defined XML vocabularies, the information contained with the source code has increased value
and can be repurposed. Test suites can be reused for new implementations. Specifications can be generated from
code interfaces that use Design By Contract extensions.

Transformations and processing can harvest specific information to generate automated, up-to-date reportsin al-
most any format.

XML opens up the software development playing field, making available an unlimited choice of programming
methods and techniques.
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Appendix A. APl Documentation

HTML output of documentation generated from the String type source code, part of the ObjectBox source tree.

Note

Many of the String and Node functions have been excluded for brevity.

FigureA.l. String Type APl Documentation
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Appendix B. ObjectBox Test Report

The ObjectBox uses a simple HTML report format, which is XSLT generated from the output of the test run.
The test suite itself is an 0:XML program, automatically generated from the unit tests that are embedded in the
the source code.

Figure B.1. Node Type Test Report
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Appendix C. Design By Contract
Transformation

The 0:XML implementation of Design by Contract is a straightforward XSLT stylesheet that transforms the in-
put source code by adding in assertions. The result is an modified source file that uses only standard 0:XML to
enforce the contract declarations.

Note

At the time of writing, the XSLT stylesheet does not take into account inherited conditions, nor does it
produce entirely exception safe code. Thisisleft as an exercise for the interested reader!

Example C.1. Design By Contract: Transformation XSLT

<?xm version="1.0"?>

<xsl:styl esheet xm ns:xsl="http://ww. w3. org/ 1999/ XSL/ Transfornf versi on="1.0"
xm ns:o="http://ww.o-xm .org/lang/"
xm ns: dbc="ur n: Desi gnByCont ract " >
<xsl : param nanme="shadow' sel ect="true()"/>

<xsl : out put met hod="xm " indent="yes"/>

<xsl:tenpl ate match="node()">
<xsl : copy>
<xsl :copy-of select="@"/>
<xsl : appl y-tenpl at es/ >
</ xsl : copy>
</ xsl : tenpl at e>

<xsl:tenplate match="o0:type">
<xsl : copy>
<xsl:copy-of select="@"/>
<xsl : appl y-tenpl at es/ >

<xsl:if test="$shadow'>
<xsl : appl y-tenpl ates sel ect="0:vari abl e node="shadow'/ >
</xsl:if>

<o: function nane="dbc:invariants">
<o: do>
<xsl : appl y-tenpl ates sel ect="dbc:invariant" node="define"/>
</ 0:do>
</ o:function>

<o: function nane="dbc:exit">
<0: do>
<0:do select="$this.dbc:invariants()"/>
<xsl:if test="$shadow'>
<xsl : appl y-tenpl ates sel ect="o0:vari abl e" node="copy"/>
</xsl:if>
</ o: do>
</ o:function>
</ xsl : copy>
</ xsl:tenpl at e>

<xsl:tenpl ate match="o:vari abl e node="shadow'>
<o:vari abl e name="dbc: { @ane}"/ >
</ xsl : tenpl at e>

<xsl:tenplate match="o0: vari abl e" nbde="copy">
<o:vari abl e nane="dbc: { @ane}" sel ect ="${ @ane}. copy()"/>
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</ xsl : tenpl at e>

<xsl:tenpl ate match="o0: function/o: do">
<xsl : copy>
<xsl :copy-of select="@"/>
<xsl:if test="parent::o:function/parent::o:type
[@anme = current()/parent::o:function/ @ane]">
<l-- type function (that is not a constructor),
check invariants on entry -->
<0:do select="$this.dbc:invariants()"/>
</xsl:if>
<xsl : appl y-tenpl ates sel ect="parent::o:function/dbc:pre" node="define"/>
<o:varl abl e nane="dbc: return">
<xsl : appl y-tenpl at es/ >
</ o:vari abl e>
<xsl :apply-tenpl ates sel ect="parent::o:function/dbc:post” node="define"/>
<o:do select="%$this.dbc:exit()"/>
<o:return sel ect="%dbc:return"/>
</ xsl : copy>
</ xsl : tenpl at e>

<l-- post conditions shadow vari abl es:
$dbc:return = return val ue
$dbc: {varnane} = value before function entry
>

<xsl:tenplate match="o:return[ancestor::o:function]">
<xsl : apply-tenpl ates select="." node="val ue"/ >
<xsl : appl y-tenpl ates sel ect ="ancestor::o: function/dbc: post" node="define"/>

<xsl:if test="ancestor::o:type">

<l-- type function, check invariants and set shadow vari ables on exit -->
<o:do select="$this.dbc:exit()"/>
</xsl:if>

<o:return select="%$dbc:return"/>
</ xsl : tenpl at e>

<xsl:tenplate match="o:return[ @el ect]" node="val ue">
<o:varl abl e nane="dbc:return" select="{@elect}"/>
</ xsl : tenpl at e>

<xsl:tenplate match="o:return" node="val ue">
<o:vari abl e nane="dbc: return">
<xsl : copy-of sel ect="node()"/>
</ o:vari abl e>
</ xsl : tenpl at e>

<xsl:tenpl ate match="dbc: i nvari ant| dbc: pre| dbc: post" node="defi ne">
<0:assert test="{@est}">
<xsl:if test="@error">
<xsl:attribute nane="nsg">
<xsl :val ue-of select="@rror"/>
</ xsl:attribute>
</xsl:if>
</ 0: assert>
</ xsl : tenpl at e>

</ xsl : styl esheet >

Example C.2. Design By Contract: Stack Transformed

<0:type nane="Stack"
xm ns: o="http://ww. o-xm.org/lang/"
xm ns: dbc="ur n: Desi gnByCont ract " >
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<o:variable nane="itens"/>
<o:variabl e nane="capacity"/>
<o:variabl e nane="dbc:itenms"/>
<o:vari abl e name="dbc: capacity"/>
<o: function nanme="Stack">
<0: par am nanme="capacity"/>
<o0: do>
<o:variabl e nanme="dbc:return"/>
<0:do select="$this.dbc:exit()"/>
<o:return sel ect="%dbc:return"/>
</ 0: do>
</ o: function>
<o: function nane="pop">
<o0: do>
<0:do select="$this.dbc:invariants()"/>
<0:assert test="count($itens) &gt; 0" nsg="stack underflow "/>
<o:vari abl e nane="dbc: return">
<o:variable select="%itens[last()].renove()" nane="dbc:return"/>
<o0:assert test="count($dbc:itens) = count($itens) + 1"/>
<0:assert test="$dbc:return = $dbc:itens[last()]"/>
<0:do select="$this.dbc:exit()"/>
<o:return sel ect="%dbc:return"/>
</ o:vari abl e>
<o0: assert test="count($dbc:itenms) = count($itenms) + 1"/>
<o:assert test="$dbc:return = $dbc:itens[last()]"/>
<0:do select="$this.dbc:exit()"/>
<o:return sel ect="%dbc:return"/>
</ 0: do>
</ o: function>

<o: functi on name="push">
<o0: param name="itent'/ >
<o0: do>
<0:do select="$this.dbc:invariants()"/>
<0:assert test="$item nsg="enpty push val ue"/>
<o:variabl e nane="dbc: return">
<0:do select="$itens. add($item"/>
</ o:vari abl e>
<o0: assert test="count($itens) = count($dbc:itens) + 1"/>
<o0:do select="%$this.dbc:exit()"/>
<o:return sel ect="%dbc:return"/>
</ o: do>
</ o:function>

<o: function nanme="dbc:invariants">
<o: do>
<o0:assert test="count($itens) & t;= $capacity"
nsg="stack overflow "/>
</ 0: do>
</ o:function>

<o: functi on name="dbc: exit">
<o: do>
<o:do select="$this.dbc:invariants()"/>
<o:variable select="8$itens. copy()" nane="dbc:itens"/>
<o:variabl e sel ect ="$capacity. copy()" nanme="dbc: capacity"/>
</ 0: do>
</ o:function>

</ o:type>
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Appendix D. Aspect Oriented
Programming Implementation

Aspect Oriented Programming paradigms, preferrably expressed using an XML vocabulary such as Aspect ML,
form an efficent basis for implementing aspects as source code transformations. The transformations are gener-
ally straightforward. Thisis especialy true for introductions, where there's no need to intercept function calls or
generate new types.

Below is the definition of an 0:XML function that transforms 0:XML source code by adding in introductions
(akainter-type declarations). It takes two parameters - the first one is the aspectsin Aspect ML form, the second
is the source code to transform.

For a complete AOP implementation in XML, follow the links on the 0: XML web site [http://www.o-xml.org].

Example D.1. Aspect Oriented Programming: Introductions Transfor mation

<o: function name="aop:introduce">
<0: par am name="aspect s"/ >
<0: param name="i nput"/ >
<o: do>
<l-- handle all inter-type declarations (introductions) -->
<o: for-each nane="dec" sel ect ="$aspects//aop:introduction">
<o:variabl e name="targets"/>
<o:for-each nanme="joi n" sel ect="%dec/ aop: type">
<o0: set match="$i nput//o:type"/>
<o:if test="$join/ @ath">

<l-- filter out types with matching paths -->

<o: set match="j ava: eval uat e( $j oi n/ @ath, $match)"/>
</o:if>
<o:if test="$join/ @ane">

<l-- filter out types with nmatching nanes -->

<o0: set match="$nmatch/o: type
[ mat ch( @ane, $join/ @ane)]"/>
<lo:if>
<o:if test="%join/ @arent">
<l-- filter out types with matching parents -->
<o0:set match="$match/ o: type
[ mat ch(o: parent/ @ane, $join/ @arent)]"/>
</o:if>
<o0: do sel ect ="$t argets. add($match)"/>
</ o:for-each>
<o: for-each nane="type" sel ect="$targets/o:type">
<o:log nsg="adding introduction to type: {$type/ @ane}"/>
<l-- for each matching type, append declaration -->
<o0: do sel ect ="$t ype. append( $dec/ aop: decl arati on/ node() . copy())"/>
</ o: for-each>
</ o:for-each>
</ 0: do>
</ o:function>

22


http://www.o-xml.org

Appendix E. 0: XML Quick Reference

<!-- conditionals -->
<o:if test="Expr">
</6Eif>

<0: choose>
<0:when test="Expr"> +

</ 0: when>
<0: ot herwi se> ?

</ o: ot herw se>
</ 0: choose>

<o:while test="Expr">

</ 0: whi | e>

<l-- iterations -->

<o:for-each name="Nane"? from"Nunber"? to="Nunber" step="Nunber"? >
</ o: f or - each>

<o: for-each nanme="QNanme"? in="M xedExpr" delinm="M xedExpr"? >

</ o: f or - each>

<o:for-each name="@ane"? sel ect =" Expr">

</b§f0r—each>

<l-- exceptions and assertions -->

<o: catch exceptions="QNarme (, QNane)*"? handl er="Expr"? >
</ o:catch>

<o:throw sel ect="Expr"/>

<0: assert test="Expr"/>

<l-- process flow -->
<o:return sel ect="Expr"/>
<o: return>

</o:return>

<!-- result output -->

<o0: eval select="Expr"/>

<o: el emrent name="M xedExpr" nanespace="URI"? />

<o:attribute name="M xedExpr" namespace="URI"? sel ect="Expr"? />

<o0: processing-instruction target="M xedExpr" select="Expr"? />
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<o0: conmment sel ect="Expr"? />

<o:text select="Expr"? />

<l-- log output -->

<o:log nsg="M xedExpr"? | evel ="debug]| i nfo|warning|error"? />

<l-- expression evaluation -->

<0:do sel ect="Expr"/>

<l-- variables -->
<o:variabl e nane="QNane" sel ect="Expr"? />

<o:set Nane="Expr"+ />

<l-- procedures -->

<0: procedur e nane="(QNang" >
<0: par am name="QNane" select="Expr"? /> *
<o0: do>
<l-- procedure body -->
</ o: do>
</ o: procedur e>

<l-- procedure calls -->

<ONane QName="Expr"* />

<l-- functions -->

<o: functi on nane="(QNane" access="private|protected|public"? >
<o0: par am name="Q\ame"/> *
<o: do>
<l-- function body -->
</ 0: do>
</ o:function>

<l-- constructors -->
<o: function name="\ane" access="private| protected|public"? >
<0: parent nane="(Nanme" sel ect ="Expr"/> *
<0: par am name="\ane"/ > *
<o: do>
</6;do>
</ o: function>
<l-- types -->
<0:type nanme="QNanme" >
<0: parent nane="(QNanme"/> *
<o:vari abl e name="ane"/> *
<o: function nanme="QNanme"> *

</6;function>
</o:type>
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