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1 Introduction

This paper uses the eXtensible Pattern Specification Language (XPSL) to represent a variety of patterns of different types.  These sample patterns are intended both to test the range of the current language, and to serve as a basis for further development of it.

2 Certification patterns for all software

The following patterns are related to software certification to FAA standards. Their purpose is to define general restrictions for all software that complies with DO-178B. More specific guidelines for object-oriented software appear in section 3.

2.1 Loop Termination

2.1.1 Intent

Ensure the termination of all loops. 

2.1.2 Applicability

Applies to DO-178B software levels (A-E) [12, section 3.5.7, Iterator – assignment].

2.1.3 Problem

Loop termination is an important issue in high assurance systems.  Since it is difficult to automatically derive a loop invariant, and prove that a loop terminates in the general case, it is often necessary to restrict the structure of loops to cases in which termination can be more easily proven.

2.1.4 Transformations

The overall strategy consists of the replacement of all loops with for loops, and the proof that all for loops are well formed.  A for-loop is considered well formed if 1) the iteration is monotonic with respect to a value that ensures the eventual failure of the test (termination of the loop), and 2) no assignments executed by the loop body affect the outcome of the test. The patterns referred to in sections 2.1.6 and 2.1.7 address each of these issues.

2.1.5 References

[12, section 3.5.7, Iterator – assignment]

2.1.6 Related Patterns

No Loop Body Test Assignment
2.1.7 To do

Include additional patterns for the replacement of while and do-while loops with for loops, and to check that the iteration statement of a for loop monotonically increases or decreases a value that ensures eventual failure of the test (termination of the loop).

2.2 No Loop Body Test Assignment

2.2.1 Intent

Ensure the termination of all for loops.

2.2.2 Extends

Loop Termination
2.2.3 Problem

Loop termination is an important issue in high assurance systems.  Since it is difficult to automatically derive a loop invariant, and prove that a loop terminates in the general case, it is often necessary to restrict the structure of loops to cases in which termination can be more easily proven.  The following pattern does so for ForLoop’s, issuing a warning if the body of the loop contains a statement that directly or indirectly affects the outcome of the test condition.

Consider a ForLoop in which a loop index monotonically increases or decreases over a fixed range of integer values.  Most programming languages provide support for ForLoop’s. However, most programming languages do not prohibit modification of the loop index within the body of the loop or other practices that make it difficult to prove that the loop always terminates.

The following C++ code illustrates this point:

for (int i = 0; i < n; i++) {

i = …;

}
Here direct assignment to the loop index makes it difficult to prove that this loop terminates after the correct number of iterations.

The same is true of all for loops of the form:

for (#; #; $v_1++) {

$v_1 = …;

}
And other for loops in which generalize on the meaning of assignment:

for (int i = 0; i < n; i++) {

int* p = &i;

*p = …;

}

for (int i = 0; i < n; i++) {

cin >> i;

}
And iteration:

for (i.reset(); ! i.isDone(); i.advance()) {

i.advance();

}

Because the overall program is often very large, it is useful to begin with an abstract definition of the problem that allows us to focus only on those elements that are relevant. In this case, we are interested in all ForLoop’s whose body contains a statement whose execution may affect the outcome of the test that controls execution of the loop body.  

Working from the XML, the general structure of a ForLoop is:

<LoopStatement xsi:type=”ForLoop” …>

<initialization>

…

</initialization >

<increment>

…

</increment>

<clause>

<test>

…

</test>

<Body>

…

</Body>

</clause>

</LoopStatement>
In accordance with [39], all ForLoop’s have a test condition and an increment statement.  The initialization statement is optional. The body of the loop may also be empty.

Abstracting from this only the details that we care about, we have:

Which corresponds to the following table representation:

	SelectPointcut
	loops

	From
	$Pointcut.ownedElement

	ElementType
	ForLoop

	Constraint
	testAssignments(size () > 0

	Body
	

	IteratePointcut
	loop

	From
	loops

	Constraint
	test.variablesReferenced()(intersection (body.variablesAssigned())(size() > 0

	Body
	

	SelectPointcut
	testAssignments

	From
	loop.Body

	ElementType
	Statement

	Constraint
	test.variablesRead ()(intersection (variablesAssigned ())(size() > 0

	end
	

	end
	


2.2.4 Queries

The pointcut definitions for this pattern collect the information needed to manually review/analyze the code.  In this case, we are interested in all dataflows to/from the values referenced by the test condition, i.e., all actions that assign values to the variables referenced by the loop’s test condition, and all actions that read these variables.  This allows us to find the assignments to these variables that we want to eliminate, and assess the impact that such changes will have on the rest of the program.

	SelectAllPointcut
	testConditionAssigns

	Context
	loop

	From
	Body

	Constraint
	test.variablesReferenced ()(dflowAssigns ()(includes(self)


	SelectAllPointcut
	testConditionReads

	Context
	loop

	From
	Body

	Constraint
	test.variablesReferenced ()(dflowReads ()(includes(self)


Transformations

The transformations for this pattern are expected to be interactive, with the user working from the pointcut information collected (above), to apply other refactorings, or to directly edit the code.  

	DeclareError
	ForLoopTestAssignment

	Context
	loop

	Message
	Assignment to loop test condition

	Body
	

	HypertextDisplay
	Problem

	Hypertext
	Same as problem section, above

	HypertextDisplay
	Recommendations

	Hypertext
	General advice on how to refactor/edit the code TBD

	ElementDisplay
	Actions that assign values to variables associated with the test condition

	Elements
	testConditionAssigns

	ElementDisplay
	Actions that read variables associated with the test condition

	Elements
	testConditionReads

	EditMenu
	Suggested refactorings

	Patterns
	TBD

	end
	


2.2.5 Related Patterns

... 

3 Certification patterns for OO software

The following patterns are related to software certification to FAA standards. Their purpose is to define specific restrictions for object-oriented software that complies with DO-178B. All of the patterns in this section are taken from the AVSI Guide to the Certification of Systems with Embedded Object-Oriented Software [3], and from TBD.

3.1 Multiple Implementation Inheritance

3.1.1 Intent

Avoid problems related to complexity and ambiguity associated with the use of multiple implementation inheritance in high assurance systems. 

3.1.2 Applicability

Applies to DO-178B software levels A, B, and C.

3.1.3 Problem

In high assurance DO-178B certified systems, the use of multiple implementation inheritance is a potential problem due to concerns about complexity and ambiguity.  The 1st FAA/NASA Workshop on Object-Oriented Technology in Aviation provides three patterns to deal with the issues [8].

	SelectPointcut
	classes

	From
	$Pointcut.ownedElement

	ElementType
	Class

	Constraint
	parentClasses ()(size() > 1

	Body
	

	IteratePointcut
	class

	Body
	

	SelectPointcut
	parentClasses

	From
	class.parentClasses ()

	end
	

	end
	


3.1.4 Related Patterns

Replacement Of Multiple Implementation Inheritance With Delegation
3.2 Replacement Of Multiple Implementation Inheritance With Delegation

3.2.1 Intent

Avoid problems related to the use of multiple implementation inheritance in high assurance systems by replacing multiple implementation inheritance with delegation.

3.2.2 Extends

Multiple Implementation Inheritance
3.2.3 Queries

	SelectMaxPointcut
	preferredParentClass

	Description
	Determine which parent class relationship to keep based on the number of dispatching calls to methods of the class

	Context
	parentClasses

	Expression
	allMethods.dispatchingCalls()(size())


	SelectPointcut
	delegateClasses

	Context
	parentClasses

	From
	parentClasses(difference (preferredParentClass.result)


	IteratePointcut
	delegateClass

	Context
	delegateClasses

	Body
	

	SelectPointcut
	inheritedMethods

	From
	delegateClass.allMethods ()

	SelectPointcut
	inheritedFields

	From
	delegateClass.allFields ()

	end
	


We want to reduce the number of parent classes to one.  Ideally this should minimize the impact on clients that depend upon associated class/subclass relationships.  For this reason, we leave intact the subclass relationship with the parent class that is most often called using dynamic dispatch.

Subclass relationships with the remaining parent classes are replaced by the use of delegation. This requires the creation of forwarding methods for all previously inherited methods, and the introduction of calls to forwarding get/set methods in place of direct references to previously inherited fields.

3.2.4 Transformations

	RemoveParent
	

	Context
	delegateClasses

	Subclass
	class

	Parents
	delegateClasses


	DeclareDelegate
	

	Context
	delegateClasses

	Class
	class

	Delegates
	delegateClasses


	DelegateMethods
	

	Context
	inheritedMethods 

	Class
	class

	Methods
	inheritedMethods


	DelegateFields
	

	Context
	inheritedFields

	Class
	class

	Fields
	inheritedFields


RemoveParent is applied to the pointcut delegateClasses to break the unwanted parent class relationships.

Once these class/subclass relationships have been broken, we build the delegate relationships that replace them.  DeclareDelegate is used to create corresponding delegate fields in the class, initialized with newly created instances of the delegate classes.  DelegateMethods creates forwarding methods that replace the previously inherited methods of the delegate classes.  DelegateFields creates get/set methods for the delegated class fields, and replaces all direct references to these fields with calls to these methods.

DeclareDelegate, DelegateMethods, and DelegateFields are refactorings defined as separate patterns. They are typical of the use of patterns to define other patterns.

3.2.5 Related Patterns

Replace Inheritance with Delegation [44, p. 352], State [45]

3.2.6 Open issues

When we break a generalization relationship to a parent class, we must eliminate all polymorphic assignments that depend on this relationship.  For example, consider a variable of type A that is assigned an object whose run time class is B, where B is a subclass of A.  Breaking the relationship between A and B, requires we eliminate the polymorphic assignment, e.g. by changing the type of the variable to B if no other subclasses can be assigned to it, or by applying the State pattern if they can.

Consider any problems associated with repeated inheritance, name clashes, etc. and how they are handled (or not) by the pattern.

Note: Application of the pattern to all the ancestors of a class will eliminate repeated inheritance.  However, not all ancestors need be in the same package as the class.

3.2.7 To do

Develop the refactorings for DeclareDelegate, DelegateMethods, and DelegateFields as separate patterns.

4 Synchronization patterns

The following patterns are concerned with synchronized access to shared resources by multiple threads.

4.1 Synchronization

4.1.1 Intent

Ensure the integrity of objects shared by multiple threads.

4.1.2 Problem

The synchronization problem is concerned with the integrity of objects shared by multiple threads. With respect to the class of each shared object, we are concerned with actions that read or assign values to the fields of the object, and with actions that compute the values to be written.  

Often this problem is addressed at the class boundary, by synchronizing access to objects based on the use of locks.  It, however, is also possible to draw this boundary internal to the class, in support of solutions that attempt to minimize the hold time on locks and maximize concurrency.  As a result, data flow within the class is also important, and all methods (whether public, package, protected, or private) that access fields are relevant.  

It is also possible to draw the synchronization boundary outside the class, in support of solutions that minimize the overhead associated with locking by associating locks with groups of objects rather than individual shared objects.

The “best” solution for a given application may depend upon a knowledge of the threads in the system, their priorities, frequency of execution, and interactions; the costs associated with unlocking and locking; requirements regarding data freshness; timing and performance requirements; etc.

Related patterns include [48, p. 76, Synchronized methods and blocks], [48, p. 157, Read-Write Locks], [48, p. 207, Readers and Writers], [55, p. 333, Strategized Locking], [55, p. 345, Thread Safe Interface], and [55, p. 399, Monitor Object].

Solutions must also address issues such as liveness, performance, and reusability [48, p. 37, section 1.2 Design Forces] in order to be acceptable for a given application, and must “fit” the underlying object model [48, p. 26, Object Models and Mappings]. 

	SelectPointcut
	classes

	From
	$Threads(collect(sharedVariables()(collect(subclasses ()

	Body
	

	IteratePointcut
	class

	Body
	

	SelectPointcut
	readers

	From
	class.features ()

	ElementType
	Method

	Constraint
	isQuery=true

	SelectPointcut
	writers

	From
	class.features ()

	ElementType
	Method

	Constraint
	isQuery=false

	SelectPointcut
	visibleFields

	From
	class.features ()

	ElementType
	Field

	Constraint
	visibility <> private

	end
	

	end
	


Here we are interested in data concurrently accessed by more than one thread.  The intent is to add synchronization to all classes whose instances may be assigned to these shard variables.  

Where the same class may be associated with both shared and unshared variables, we may choose to create two versions of the class, one that imposes the necessary overhead for synchronization, the other that does not. 

The creation of a synchronized classes typically requires that we draw a distinction between read and write operations on the data, and identify any externally accessible fields.

4.1.3 Related Patterns

Monitor, Readers-Writers
4.2 Monitor

4.2.1 Intent

Ensure the integrity of objects shared by multiple threads by ensuring that at a given time at most one thread may access an object.

4.2.2 Extends

Synchronization
4.2.3 Applicability

The Monitor pattern sets the synchronization boundary at the class/object boundary.  It is generally simple to implement, although the overhead of locking and unlocking an object can be significant.  In comparison to other patterns such as Readers-Writers, a monitor limits concurrency by blocking access by multiple threads even when these threads might not interfere with one another (e.g., all the threads are readers).

4.2.4 Queries

	SelectPointcut
	visibleMethods

	Context
	class

	From
	readers(union (writers)

	Constraint
	visibility <> private

	Body
	

	IteratePointcut
	visibleMethod

	Body
	

	PointcutParameter
	target

	Type
	Object

	Value
	target

	end
	

	end
	


In the Monitor pattern, we are concerned with the synchronization of all externally accessible methods, readers and writers whose visibility is not private.

When a visible method is called, we need access to the target of the call, the object containing the data we wish to protect.  This is specified as a pointcut parameter of type Object whose name is target.

4.2.5 Transformations

	DeclareField
	lock

	Context
	class

	Type
	Lock

	OwnerScope
	instance

	Visibility
	private

	InitialValue
	new Lock();

	Language
	Java


	BeforeAdvice
	

	Context
	visibleMethod

	Parameter
	

	AdviceParameter
	target

	Type
	Object

	end
	

	Body
	

	MonitorEnter
	

	Shared
	target

	end
	


	AfterAdvice
	

	Context
	visibleMethod

	Parameter
	

	AdviceParameter
	target

	Type
	Object

	end
	

	Body
	

	MontiorExit
	

	Shared
	target

	end
	


The field declaration introduces a lock upon which competing threads can wait.  The field is initialized to a newly created instance of Lock. The code for this is written in Java, but can be written in any language that can be parsed to XCIL.

Before the execution of a visible method, the executing thread attempts to enter the monitor associated with the target of the call, waiting in queue if necessary.  This is an operation defined directly by XCIL.

After the execution of a visible method, the executing thread exits the monitor associated with target object, unblocking the waiting thread at the head of the queue (if any).  This operation is also directly defined by XCIL.

4.2.6 Related Patterns

Readers-Writers
4.2.7 Open issues

In the current version of the pattern, we assume that all fields are encapsulated by the class.  In a more general implementation, we should first introduce get and set methods on visible fields, and convert ReadField and WriteField operations to calls to these methods.

4.3 Readers-Writers

4.3.1 Intent

Ensure the integrity of objects shared by multiple threads by ensuring that at a given time at most one writer may access an object.

4.3.2 Extends

Synchronization 

4.3.3 Applicability

The Readers/writers pattern sets the synchronization boundary at the class/object boundary.  It is generally simple to implement, although the overhead of locking and unlocking an object can be significant.  In comparison to other patterns such as Monitor, readers/writers provides a greater degree of concurrency (multiple readers may access the same object at the same time) for many applications at only a slight cost in complexity.

4.3.4 Queries

	SelectPointcut
	visibleReaders

	Context
	class

	From
	readers

	Constraint
	visibility <> private

	Body
	

	IteratePointcut
	visibleReader

	Parameter
	

	PointcutParameter
	target

	Type
	Object

	Value
	target

	end
	

	end
	


	SelectPointcut
	visibleWriters

	Context
	class

	From
	writers

	Constraint
	visibility <> private

	Body
	

	IteratePointcut
	visibleMethod

	Parameter
	

	PointcutParameter
	target

	Type
	Object

	Value
	target

	end
	

	end
	


 In the readers/writers pattern, we are interested in adding before and after advice to all externally visible read and write operations.  Access to the target object is provided by a pointcut parameter of type Object.

4.3.5 Transformations

	DeclareField
	rw

	Context
	class

	Type
	ReadWriteLock

	OwnerScope
	instance

	Visibility
	private

	InitialValue
	new RWLock();

	Language
	Java


	BeforeAdvice
	beforeRead

	Context
	visibleReader

	Parameter
	

	AdviceParameter
	target

	Type
	Object

	end
	

	Body
	rw.readLock().acquire();

	Language
	Java


	AfterAdvice
	afterRead

	Context
	visibleReader

	Parameter
	

	AdviceParameter
	target

	Type
	Object

	end
	

	Body
	rw.readLock().release();

	Language
	Java


	BeforeAdvice
	beforeWrite

	Context
	visibleWriter

	Parameter
	

	AdviceParameter
	target

	Type
	Object

	end
	

	Body
	rw.writeLock().acquire();

	Language
	Java


	AfterAdvice
	afterWrite

	Context
	visibleWriter

	Parameter
	

	AdviceParameter
	target

	Type
	Object

	end
	

	Body
	rw.writeLock().release();

	Language
	Java


Where the advice code is taken from [48, p. 158].

The field declaration introduces a lock upon which competing threads can wait.  The field is initialized to a newly created instance of RWLock. The code for this is written in Java, but can be written in any language that can be parsed to XCIL.

Before the execution of a read, the executing thread attempts to acquire the read lock associated with the target of the call, waiting in queue if a writer is currently active, but proceeding otherwise. After execution of the read, this lock is released.  The code for both pieces of advice is written in Java.

Before the execution of a write, the executing thread attempts to acquire the write lock associated with the target of the call, waiting in queue if either a reader or a writer is currently active, but proceeding otherwise. After execution of the read, this lock is released.  The code for both pieces of advice is written in Java.

4.3.6 Related Patterns

Monitor
4.3.7 Open issues

In the current version of the pattern, we assume that all fields are hidden by the class.  In a more general implementation, we should first introduce get and set methods on visible fields, and convert ReadField and WriteField operations to calls to these methods. 

5 Structural patterns

The following patterns are concerned with the structure of the software and its organization in order to design for change.

5.1 Façade 

5.1.1 Intent

“You want to simplify how to use an existing system.  You need to define your own interface” [54, p. 90].

5.1.2 Applicability

TBD

5.1.3 Problem

“You need only a subset of a complex system.  Or you need to interact with the system in a particular way” [54, p. 90].

To build a Façade for a user specified subsystem (referred to as $Package), we are interested in refactoring client calls to subsystem operations into calls to operations defined by the Façade class.  For an operation to be visible to clients in other subsystems/packages, it must be a public operation of a public class
.  Sequences of calls to subsystem operations in method outside the subsystem (in client methods) are considered candidates for refactoring to create Façade methods.

	SelectPointcut
	subsystemClassifiers

	Description
	The public classifiers defined by the user specified subsystem 

	From
	$Package.classifiers()

	Constraint
	-- Include only public interfaces and classes
visibility = public

	Body
	

	SelectPointcut
	subsystemOperations

	Description
	The public operations accessible to subsystem clients

	From
	subsystemClasses(operations()

	Constraint
	-- Include only public operations
visibility = public

	Body
	

	SelectPointcut
	clientMethods

	Description
	Client methods of that contain calls to subsystem operations

	From
	subsystemOperations(clientCalls()(enclosingMethods()

	Constraint
	-- Exclude internal calls
not (enclosingPackages()(includes($Package)) 

	Body
	

	IteratePointcut
	clientMethod

	Description
	A client method that contains calls to subsystem operations

	From
	clientMethods

	Body
	

	SelectPointcut
	subsystemCallsInMethod

	Description
	The subsystem calls appearing within the method

	From
	clientMethod.Body()

	ElementType
	CallOperation

	Constraint
	-- Include only calls to subsystem operations

subsystemOperations(includes(self.operation())

	end
	

	end
	

	end
	

	end
	


The pointcut subsystemClassifiers represents all interfaces and classes within the subsystem visible to clients.

The pointcut subsystemOperations represents the operations of these interfaces and classes that clients can potentially call.

The pointcut clientMethods represents all calls to these operations by methods defined outside the subsystem which are do not belong to descendants of subsystem classes. [Calls by subclass methods to inherited methods are not considered client calls no matter where the subclass is defined].

The pointcut subsystemCallsInMethod represents all calls to subsystem operations within a given client method.  It is these calls that we want to extract into methods associated with the Façade.

5.1.4 Transformations

“The Façade presents a new interface for the client of the existing system to use” [54, p. 90].

To implement the Façade pattern, we:

· Define a new class (or classes) that has the required client interface,

· Have this new class use the existing system in the same manner as clients (providing clients with a simpler interface)

Gamma, et. al recommend that the Façade be either an interface or an abstract class [45, p. 188], with concrete subclasses for different implementations of the subsystem.  Classes within the subsystem whose public operations are no longer needed by clients can be made private.

The methods of the Façade class may be created by extracting sequences of calls to subsystem operations from client methods, when dependencies between these calls and the code appearing between them permit this without affecting the overall program semantics.  More complex cases must be handled by the user.

Following the advice of Gamma et. al, [45, p. 188], the pattern declares a façade interface, and a class that implements it.  By default, both classifiers have names derived from the name of the subsystem (e.g., X_Interface and X_Class for a subsystem ‘X’).

For each client method that contains a sequence of calls to subsystem operations, we consider creating a method of the façade class that encapsulates these calls, which then allows us to replace the first of the individual calls with a call to this façade method.  If the calls can be extracted without affecting the program semantics, we provide the user with the option of applying the ExtractFacadeMethod pattern to do so automatically.  If this pattern does not apply, the user may still interactively define façade methods, working from the client methods that have been found and displayed.  This may involve either direct editing of the code or the use of other patterns which the user selects and applies from a pattern specific menu.

In terms of the user interface, the user first decides to apply the Façade pattern to a given subsystem (specified above as $Package).  In response, a façade interface and class are declared for the subsystem.  Both of these appear within the subsystem’s own package.  The interface is declared to be public, in order to be accessible to clients.  The class, which need not be public, implements the interface.

The user is then presented with a display that describes the pattern and displays the elements of interest (all client methods containing calls to subsystem operations, and all calls to subsystem operations within each of these client methods).  

To perform the needed transformations, the user is given a menu that allows the ExtractFacadeMethod pattern to be applied to any (or all) client methods that can be automatically refactored in this way.  When ExtractFacadeMethod does not apply, the user is still able to edit the code directly and add operations/methods to the façade using other related patterns.

An additional menu provides supporting analysis methods, e.g. to measure the coupling and cohesion of the Façade class. 

	DeclareInterface
	$Package.concat(”_Interface”)

	Package
	$Package

	Visibility
	public


	DeclareClass
	$Package.concat(”_Class”)

	Package
	$Package

	Parent
	$Package.concat(”_Interface”)


	PatternDisplay
	Facade

	Context
	subsystemCallsInMethod

	Body
	

	HypertextDisplay
	Problem

	Hypertext
	Same as problem section, above

	HypertextDisplay
	Recommendations

	Hypertext
	General advice on how to implement Facade

	ElementDisplay
	All client methods containing calls to subsystem operations

	Elements
	clientMethods

	ElementDisplay
	All calls to subsystem operations within a user selected client method

	Elements
	subsystemCallsInMethod

	EditMenu
	Suggested refactorings

	Constraint
	-- ExtractFacadeMethod applies to the currently selected client method

	Patterns
	ExtractFacadeMethod, …

	AnalysisMenu
	Suggested analysis methods

	Patterns
	MeasureCouplingAndCohesion

	end
	


5.1.5 Related Patterns

As described in [45, p. 193]. “AbstractFactory [45, p. 87] can be used with Façade to provide an interface for creating subsystem objects in a subsustem-independent way.  AbstractFactory can also be used as an alternative to Façade to hide platform specific classes.”

“Mediator [45, p. 273] is similar to Façade in that it abstracts functionality of existing classes.  However, Mediator’s purpose is to abstract arbitrary communication between colleague objects, often centralizing functionality that doesn’t belong to any one of them.”

“Usually only one Façade object is required.  Thus Façade objects are often Singletons [45, p. 127]”.

The refactoring Extract Method [44, p. 110] informally defines the type of transformations needed to extract calls to subsystem operations into methods of the Façade class. 

5.2 Extract Façade Method

5.2.1 Intent

Extract a sequence of subsystem calls from a client method into a new façade method with a given name, replacing the first of these calls with a call to the new method, and eliminating the rest.

5.2.2 Applicability

It must be possible to move the sequence of subsystem calls to the point of the first subsystem call without affecting the overall semantics of the program. 

5.2.3 Problem

The condition we must satisfy in order to apply ExtractFacadeMethod is defined in terms of the XPSL query canMoveAfter.  The query ActionSet(canMoveAfter(target: Action) determines whether a set of actions can be moved to follow a given action, without affecting the semantics of the program.

For example, consider the following code:

declarations of a and b, whose classes are defined by the subsystem X

{

a.f();

otherCode

b.g();

}
We would like to extract the calls to f() and to g(), to create a façade method that we can call in place of the call to f():

declaration of x, an instance of the façade class, X_Class, that defines the client interface to subsystem X

{

x.m();

otherCode

}

void X_Class::m() {

a.f();

b.g();

}
Whether we can do so, and preserve the original program semantics, depends upon whether we can move the call to g() after that to f().  Referring to the ‘otherCode’ appearing between the calls as ‘between(a.f(), b.g())’, we must satisfy the condition
:
(between(a.f(), b.g())(variablesAccessed()(intersection(b.g()(variablesWritten())(isEmpty() and

between(a.f(), b.g())(variablesWritten()(intersection(b.g()(variablesRead())(isEmpty())

Similarly, for the following sequence of subsystem calls:

declarations of a, b, and c, whose classes are defined by the subsystem X

{

a.f();

otherCode1

b.g();

otherCode2

c.h();

otherCode3

}
We would like to define a façade method n that can be used to encapsulate these calls:

declaration of x, an instance of the façade class, X_Class, that defines the client interface to subsystem X

{

x.n();

otherCode1

otherCode2

otherCode3

}

void X_Class::m() {

a.f();

b.g();

c.h();

}
Which depends upon whether we can move the calls to both g() and to h() after the call to f(), i.e. whether we can satisfy the condition
:

(between(a.f(), b.g())(variablesAccessed()(intersection(b.g()(variablesWritten())(isEmpty() and

between(a.f(), b.g())(variablesWritten()(intersection(b.g()(variablesRead())(isEmpty()) and

between(a.f(), c.h())(difference({b.g()})(variablesAccessed()(intersection(c.h()(variablesWritten())(isEmpty() and

between(a.f(), c.h())(difference({b.g()})(variablesWritten()(intersection(c.h()(variablesRead())(isEmpty())
Where between(a.f(), b.g()) represents otherCode1.

Similarly between(a.f(), c.h())(difference({b.g()}) represents both otherCode1 and otherCode2 (all the code between the call to h() and the call to g() other than the call to g() – which we also plan to move).

This leads us to the following definition of canMoveAfter that selects a set of actions that can be moved after a specified action
:

let actionsToBeMoved = self in 

result = actionsToBeMoved(select (

let 

-- The code between the action to be moved and the target, excluding any other actions to be moved
betweenCode = between(action, self)(difference(actionsToBeMoved)

in 

(

-- The action does not write to any variables accessed by the between code
betweenCode.variablesAccessed()(intersection(variablesWritten())(isEmpty() and

-- The action does not read From any variables written to by the between code
betweenCode.variablesWritten()(intersection(variablesRead())(isEmpty()

)

)

Issue: Are these conditions sufficient, or is there an implicit assumption that the extracted calls all lie on a common path through the client method?  If so, it seems we should also extract any decisions on this path in addition to the calls themselves.

5.2.4 Transformations

Using the above definition of canMoveAfter, we can define the transformations that support this pattern as follows, where we assume we are given a reference to the façade class to which we wish to add the method as facadeClass, the name of the façade method we wish to create as newMethodName, a reference to the client method as clientMethod, and a sequence of calls to subsystem operations within this client method as subsystemCallsInMethod.

	Parameter
	(facadeClass: Class, newMethodName: String, clientMethod: Method, subsystemCallsInMethod: MethodSet)

	SelectPointcut
	extractableMethodCalls

	Description
	The subsystem calls in the client method that can be automatically extracted into a façade method

	From
	subsystemCallsInMethod(canMoveAfter(firstSubsystemCall)

	Given
	firstSubsystemCall = subsystemCallsInMethod(first()

	Body
	

	CollectPointcut
	clientCallArguments

	Description
	The arguments to the extractable methods

	From
	extractableMethodCalls

	Expression
	argument()

	DeclareOperation
	

	Description
	The new operation in the façade interface

	Name
	newMethodName

	DefiningTypes
	facadeClass.parentInterface()

	Parameter
	TBD

	OwnerScope
	instance

	Visibility
	public

	DeclareMethod
	

	Description
	The corresponding method in the façade class

	Name
	newMethodName

	DefiningTypes
	facadeClass

	Parameter
	TBD

	OwnerScope
	instance

	Visibility
	public

	Body
	extractableMethodCalls

	AroundAdvice
	

	Description
	Replacement of the first subsystem call with a call to the new façade operation

	Pointcut
	firstSubsystemCallInClientMethod

	Parameter
	()

	Body
	{ newMethodName (TBD); }

	Language
	Java

	AroundAdvice
	

	Description
	Elimination of all other extracted subsystem calls

	Pointcut
	otherSubsystemCallsInClientMethod

	Parameter
	()

	Body
	{}

	Language
	Java

	end
	


Note: I believe the current transformations are sufficient to deal with the example Dr. Kothari originally proposed.  To deal with more complicated examples, however, we need to deal with subsystem calls that accept arguments, and with the other issues discussed below.
Note: We should look for a previously defined façade method that contains the same extracted code before creating new one.

Note: We may be able to automatically extract some subsystem calls, but not others.  The pattern will extract all calls that can be moved after the first subsystem call without affecting the semantics.  

Note: It is assumed that argument expressions are extracted as part of the calls themselves.  However, in addition to extracting the subsystem calls, we should probably also extract any actions used only to compute argument values for these calls.  For example, the assignment to x in: “double x; … x = some_complicated_expression; f(x);”.

Doing so should allow us to extract calls that we otherwise could not (since this would cause the call to read from a variable written by the between code, and make it impossible to move by itself).
Note: In addition to extracting the subsystem calls, we should extract any local variables used to hold intermediate results, i.e., results computed by one extractable call, then supplied as an argument to another.  If these local variables are referenced only by the extracted subsystem calls, they can be eliminated in the original client method.  Otherwise they must remain, and are passed as in, out or inout parameters to the façade method.

Note: We may also need to extract decisions that guard the execution of the extracted calls on the path that connects them.  See related Issue, above.

Note: Perhaps the tool should highlight the calls and surrounding code it suggests should be extracted. The user would then be allowed to adjust this selection (e.g., in some controlled way) before the pattern was applied.

Note: The parameters to the façade operation represent the parameters to the extracted calls, excluding any parameters whose values are the values of extracted local variables.

Note: Often the target objects of the subsystem calls are the same across all calls since subsystem components used as targets are often singletons.  In such cases, instances of these target objects may be declared as private fields of the façade class (and need not be passed as parameters to the associated façade operations).

Note: The refactoring ExtractMethod is viewed as separating the goats (serious tools) from the sheep (the rest) when it comes to tool support for refactoring.  So it isn’t expected to be easy.

5.2.5 Related Patterns

The refactoring Extract Method [44, p. 110] informally defines the transformation needed to extract the calls to subsystem operations into a method of the Façade class.  

Extract Method, in turn, uses the refactorings Split Temporary Variable [44, p. 128] and Replace Temp with Query [44, p. 120] to deal with local variables in the source method that may be referenced by the extracted code.
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� Protected operations may also be visible to subclasses defined outside the subsystem.  This, however, is not a client relationship.


� Assuming the original order of the actions with respect to one another is preserved by the move.
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So RS(otherCode) ( WS(b.g()) = ( is written as 


otherCode(variablesRead()(intersection(b.g()(variablesWritten())(isEmpty()





And WS(otherCode) ( WS(b.g()) = ( is written as


otherCode(variablesWritten()(intersection(b.g()(variablesWritten())(isEmpty()





Which we can combine, to write


otherCode(variablesAccessed()(intersection(b.g()(variablesWritten())(isEmpty()





Similarly WS(otherCode) ( RS(b.g()) = ( is written as


otherCode(variablesWritten()(intersection(b.g()(variablesRead())(isEmpty()





So I believe these two expressions are equivalent to the three in your equation, rewritten in an OCL syntax, using the XPSL queries ‘variablesRead’, ‘variableWritten’, and ‘variablesAccessed’.





I have referred to otherCode as between(a.f(), b.g()) simply because this leads us in the direction of a general expression of the condition for an arbitrary set of subsystem calls.
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