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1 Introduction

Concepts. Discuss the definition of patterns, as aspects, specialization, refactoring, and general transformations, and combinations of these.

Refer to AOSD papers, work on refactoring, work in specialization, etc. Include the INRIA paper on Specialization Patterns, and fast path optimization of RPC.  Refer to ATC work with Zen.

The distinction between refactoring and general transformation is important because (for safety-critical applications), it is often important to guarantee the same semantics (refactorings are semantics preserving).  To support refactoring, in general, we therefore begin with a set of primitive refactoring that we can “prove” are semantics preserving, then construct more complicated refactorings from them.

Discuss how aspects, refactoring and specialization are combined in terms of an example, e.g. the OOTiA pattern to replace the use of multiple implementation inheritance with delegation (refactoring) for a class that uses the readers/writers protocol  for synchronization (aspects), optimizing the result (specialization patterns).

Tool architecture. Consider the implementation of this approach based on use of the Observer pattern.  In some cases, the order in which the transformations are performed is important, i.e., specialization should be performed last.  In other cases, the order of composed elements is important (synchronization must wrap all public methods), but the order in which they are performed (readers/writers either before or after observer) is not.  Discuss possible black board architecture, opportunities for parallelization.  Provide an associated diagram.

OMG standards. Discuss the relationship between XPSL and OCL.  Note that XPSL queries are based on OCL queries, and XPSL constraints are identical to OCL constraints.  Note that OCL does not define views or transformations, although these are proposed in a subsequent OMG RFP for a Query-View-Transformation language that is expected to extend OCL.

Organization of the document. Discuss the organization of the document.  Section 2.1 lays a foundation for the definition of XPSL by defining a pointcut as a collection of model elements.  Such pointcuts may be represented using any of the OCL collection types (Collection, Set, Sequence, Bag).

Section 2.2 discusses queries of the basic XCIL model representation.  Such queries provide access to the element types and properties directly defined by the XCIL definition, and the ability to reference XCIL models using OCL expressions and queries to produce pointcuts (collections of model elements).

Section 2.3 extends these basic queries to include additional queries on XCIL elements that require computation or analysis.

Section 2.4 takes this one step further, providing for the construction of views representing the results of more complex forms of analysis.  Such a view is an entity in its own right, apart from the XCIL representation or other views from which it is constructed.  Each view defines its own set of queries and operations which can be used to interrogate/manipulate its contents. 

Subseqent sections define the general concept of a pattern, and its representation in a form that provides a direct link to the underlying technologies we intend to use to implement it (rewriting rules, aspects, refactoring, specialization/partial evaluation). 

Finally section 2.9 discusses the basic queries and transformations available on patterns themselves.  Such pattern level queries and transformations are important because they provide a basis for building tools that reason about the patterns themselves, control the order in which they are applied, detect potential conflicts between them, etc.  The current definitions are insufficient for this purpose, but are provided as a starting point.

2 XPSL definition

2.1 Collections

The following collection types are based on those defined by OCL [20] [23].  Since a pointcut is defined to be a collection of model elements, operations on collection such as union, intersection, and difference can be used to support the composition of pointcuts in a manner similar to AspectJ.

Note: Only the collection operations needed by XPSL are shown.  Other OCL operations on collections do not appear.  An ellipsis (‘…’) at the end of the table indicates this.

Note: It is also possible to extend the current set of operations, e.g. to include other operations on collections supported by XML Query, XSLT, etc.  In this version of the XPSL Reference, we have not done so, restricting ourselves to a useful subset of the operations provided by OCL.

2.1.1 Collection

	Metaclass
	Collection

	TemplateParameter
	(T: type Classifier)

	Extends
	DataType

	Description
	An immutable collection of elements of a given type

	Refs
	[20, p. 6-20, section 6.5.12] [23, p. 3-2, CollectionType] [28, p. 38, section 3.6] [28, p. 94, section A.2.1]

	Operation
	size

	Description
	The number of elements in the collection

	Parameter
	() : Integer

	Post
	result = collection(iterate(elem; acc : Integer = 0 | acc + 1)

	Refs
	Corresponds to size in OCL [20, p. 6-39], xf:count in XML Query/XPath [31, section 14.4.1]

	Operation
	isEmpty

	Description
	Determine whether a collection is empty.

	Parameter
	() : Boolean

	Post
	result = ( collection(size() = 0 )

	Refs
	Corresponds to isEmpty in OCL [20, p. 6-40], xf:empty in XML Query/XPath [31, section 14.2.5]

	Operation
	notEmpty

	Description
	Determine whether a collection is not empty.

	Parameter
	() : Boolean


	Post
	result = ( collection(size() <> 0 )

	Refs
	Corresponds to notEmpty in OCL [20, p. 6-40]

	Operation
	includes

	Description
	Determine whether a collection includes a given element

	Parameter
	(object : Instance) : Boolean

	Refs
	Corresponds to includes in OCL [20, p. 6-39]

Can be implemented using xf:index-of in XML Query/XPath [31, section 14.2.4]

	Operation
	includesAll

	Description
	Determine whether one collection includes another

	Parameter
	(c2 : Collection(T)) : Boolean

	Post
	result = c2(forAll(elem | collection(includes(elem))

	Refs
	Corresponds to includesAll in OCL [20, p. 6-39]

	Operation
	exists

	Description
	Determine whether the collection contains an element that satisfies the constraint.

	Parameter
	(expr : OclExpression) : Boolean

	Post
	result = collection(iterate(elem; acc : Boolean = false | acc or expr)

	Refs
	Corresponds to exists in OCL [20, p. 6-40] , xf:exists in XML Query/Xpath [31,section 14.2.6]

	Operation
	forAll

	Description
	Determine whether all elements of the collection satisfy the constraint.

	Parameter
	(expr : OclExpression) : Boolean

	Post
	result = collection(iterate(elem; acc : Boolean = true | acc and expr)

	Refs
	Corresponds to forAll in OCL [20, p. 6-40]

	Operation
	iterate

	Description
	Iterate repeatedly selects elements from the collection and executes a body that optionally computes an overall result

	Parameter
	(element, initialResult, body)

	Refs
	Corresponds to the iterate operation in OCL [20].

	Operation
	collect

	Description
	The Bag of elements which results from applying expr to every member of set.

	Parameter
	(expr : OclExpression) : Bag(expr.evaluationType())

	Post
	result = set(iterate(elem; acc : Bag(expr.evaluationType() ) = Bag{} | 

acc(including(expr) )

	Refs
	Corresponds to the collect operation in OCL [20].[23, p. 6-15]

	…
	…


Note: In most of our pattern examples, we are concerned primarily with element selection, which provides a context for further selections and transformations (in the associated body).

2.1.1.1 Semantics

…

2.1.2 Set

	Metaclass
	Set

	TemplateParameter
	(T: type Classifier)

	Extends
	Collection (T)

	Description
	A mathematical set representing an unordered collection of elements without duplicates

	Refs
	[20, p. 6-42], [23, pp. 6-8, 6-9, 6-15]

	Operation
	union

	Description
	The union of the set with set2

	Parameter
	(set2 : Set (T)) : Set (T)

	Post
	result(forAll(elem | set(includes(elem) or set2(includes(elem))

	Post
	setforAll(elem | result(includes(elem))

	Post
	set2(forAll(elem | result(includes(elem))

	Refs
	Corresponds to || in AspectJ [2, Primitive Pointcuts, general form]

Corresponds to union in OCL [20, p. 6-42], UnionExpr in XSLT, op:union in XML Query/ XPath [31, section 14.3.3]

	Operation
	equals

	Description
	Determine whether one set includes the same elements as another

	Parameter
	(set2 : Set (T)) : Boolean

	Post
	result = (setforAll(elem | set2includes(elem)) and

set2forAll(elem | setincludes(elem)) )

	Refs
	Corresponds to “=” in OCL [20, p. 6-42]

	Operation
	intersection

	Description
	The set of all elements that are in both the set and in set2

	Parameter
	(set2 : Set (T)) : Set (T)

	Post
	resultforAll(elem | setincludes(elem) and set2includes(elem))

	Post
	setforAll(elem | set2includes(elem) = resultincludes(elem))

	Post
	set2forAll(elem | setincludes(elem) = resultincludes(elem))

	Refs
	Corresponds to && in AspectJ [2, Primitive Pointcuts, general form]

Corresponds to intersection in OCL [20, p. 6-42], op:intersect in XML Query/XPath [31, section 14.3.4]

	Operation
	difference

	Description
	The difference of the two sets (i.e., all elements in the first set that are not In the second)

	Parameter
	(set2 : Set (T)) : Set (T)

	Post
	resultforAll(elem | setincludes(elem) and set2excludes(elem))

	Post
	setforAll(elem | resultincludes(elem) = set2excludes(elem))

	Refs
	Corresponds to “-“ in OCL [20, p. 6-43], op:except in XML Query/ XPath [31, section 14.3.5]

	Operation
	select

	Description
	The subset of the given set for which the expression is true

	Parameter
	(expr : OclExpression) : Set (T)

	Refs
	Corresponds to the select operation in OCL [20] [23, p. 6-15]

	Operation
	reject

	Description
	The subset of the given set for which the expression is false.

	Parameter
	(expr : OclExpression) : Set (T)

	Refs
	Corresponds to the reject operation in OCL [20] [23, p. 6-15]

	Operation
	asSequence

	Description
	A sequence containing the same elements as the set in random order

	Parameter
	() : Sequence(T)

	Post
	resultforAll(elem | selfincludes(elem))

	Post
	selfforAll(elem | resultincludes(elem))

	Refs
	Corresponds to asSequence in OCL [20, p. 6-45] [23, p. 6-10]

	Operation
	asBag

	Description
	The bag containing all elements of the sequence

	Parameter
	() : Bag(T)

	Post
	resultforAll(elem | selfincludes(elem))

	Post
	selfforAll(elem | resultcount(elem) = 1)

	Refs
	Corresponds to asBag in OCL [20, p. 6-45] [23, p. 6-10]

	…
	…


2.1.2.1 Semantics

…

2.1.3 Sequence

	Metaclass
	Sequence

	TemplateParameter
	(T: type Classifier)

	Extends
	Collection (T)

	Description
	An ordered collection that may contain duplicates

	Refs
	[20, p. 6-48], [23, pp. 6-8, 6-12, 6-16]

	Operation
	subsequence

	Description
	The sub-sequence of sequence starting at number lower, up to and including element number upper

	Parameter
	(lower : Integer, upper : Integer) : Sequence(T)

	Pre
	1 <= lower

	Pre
	lower <= upper

	Pre
	upper <= sequencesize()

	Post
	resultsize() = upper - lower + 1

	Post
	Sequence{lower..upper}(forAll( index |

resultat(index - lower + 1) = sequenceat(index))

	Refs
	Corresponds to subsequence in OCL [20, p. 6-50]

	Operation
	at

	Description
	The i-th element of sequence

	Parameter
	(i : Integer) : T

	Pre
	i >= 1 and i <= self(size()

	Refs
	Corresponds to the at operation in OCL [20] [23, p. 6-15]

	Operation
	indexOf

	Description
	The index of object obj in the sequence

	Parameter
	(obj : T) : Integer

	Pre
	self(includes(obj)

	Post
	self(at(i) = obj

	Refs
	Corresponds to the indexOf operation in OCL [20] [23, p. 6-15]

	Operation
	first

	Description
	The first element in self

	Parameter
	() : T

	Post
	result = self(at(1)

	Refs
	Corresponds to the first operation in OCL [20] [23, p. 6-15]

	Operation
	last

	Description
	The last element in self

	Parameter
	() : T

	Post
	result = self(at(self->size() )

	Refs
	Corresponds to the last operation in OCL [20] [23, p. 6-15]

	Operation
	including

	Description
	The sequence containing all elements of self plus object added as the last element

	Parameter
	(object : T) : Sequence(T)

	Post
	result = self.append(object)

	Refs
	Corresponds to the including operation in OCL [20] [23, p. 6-15]

	Operation
	excluding

	Description
	The sequence containing all elements of self apart from all occurrences of object.

The order of the remaining elements is not changed.

	Parameter
	(object : T) : Sequence(T)

	Post
	result(includes(object) = false

	Post
	result(size() = self->size() - self(count(object)

	Post
	result = self->iterate(elem; acc : Sequence(T) = Sequence{} | if elem = object then acc else acc->append(elem) endif )

	Refs
	Corresponds to the excluding operation in OCL [20] [23, p. 6-15]

	Operation
	select

	Description
	The subsequence of the given sequence for which the expression is true

	Parameter
	(expr : OclExpression) : Sequence(T)

	Refs
	Corresponds to the select operation in OCL [20] [23, p. 6-16]

	Operation
	reject

	Description
	The subsequence of the given sequence for which the expression is false.

	Parameter
	(expr : OclExpression) : Sequence(T)

	Refs
	Corresponds to the reject operation in OCL [20] [23, p. 6-16]

	Operation
	asSet

	Description
	The set containing all elements of the sequence with duplicates removed

	Parameter
	() : Set (T)

	Post
	resultforAll(elem | selfincludes(elem))

	Post
	selfforAll(elem | resultincludes(elem))

	Refs
	Corresponds to asSet in OCL [20, p. 6-52] [23, p. 6-14]

	Operation
	asBag

	Description
	The bag containing all elements of the sequence, including duplicates

	Parameter
	() : Bag(T)

	Post
	resultforAll(elem | selfcount(elem) = resultcount(elem) )

	Post
	selfforAll(elem | sequencecount(elem) = resultcount(elem) )

	Refs
	Corresponds to asSet in OCL [20, p. 6-52] [23, p. 6-13]

	…
	…


2.1.3.1 Semantics

…

2.1.4 Bag

	Metaclass
	Bag

	TemplateParameter
	(T: type Classifier)

	Extends
	Collection (T)

	Description
	An unordered collection that may contain duplicates

	Refs
	[20, p. 6-45], [23, pp. 6-8, 6-10, 6-16]

	Operation
	select

	Description
	The sub-bag of the given bag for which the expression is true

	Parameter
	(expr : OclExpression) : Bag(T)

	Refs
	Corresponds to the select operation in OCL [20] [23, p. 6-16]

	Operation
	reject

	Description
	The sub-bag of the given bag for which the expression is false.

	Parameter
	(expr : OclExpression) : Bag(T)

	Refs
	Corresponds to the reject operation in OCL [20] [23, p. 6-16]

	Operation
	asSet

	Description
	The set containing all elements of the bag with duplicates removed

	Parameter
	() : Set (T)

	Post
	resultforAll(elem | selfincludes(elem))

	Post
	selfforAll(elem | resultincludes(elem))

	Refs
	Corresponds to asSet in OCL [20, p. 6-52]

	Operation
	asSequence

	Description
	A sequence containing the same elements as the bag in random order

	Parameter
	() : Sequence(T)

	Post
	resultforAll(elem | selfincludes(elem))

	Post
	selfforAll(elem | resultincludes(elem))

	Refs
	Corresponds to asSequence in OCL [20, p. 6-45]

	…
	…


2.1.4.1 Semantics

…

2.2 Basic XCIL model queries and transformations

XCIL provides an eXtensible Common Intermediate Language representation for meta-models with a semantics based on UML, the JVM, and MS-IL.

All of the attributes, components, and associations defined by the XCIL model are accessible via XPSL meta-level queries.  

The metaclass associated with an instance of a XCIL model element may be requested using the query ‘metaclass()’, corresponding to oclType in [28, p. 51].  Other operations available on all model elements are listed below.

To access a property p of element e, we invoke a query with the same name. The result of the query is a value whose type is that of the property. For example, the name of a model element ‘e’ may be referred to as ‘e.name()’.

Simple set operations on element properties are also assumed.  To assign a value of an appropriate type to property p of element e, we write ‘set_p (value)’.

Properties that represent collections may be manipulated using the operations in section 2.1.

OCL path expressions [20, section 6.5.1 through 6.5.4] can be used to access related elements by following the associations between them.  For example, given an element e, the name of the Namespace to which the element belongs may be referred to as ‘e.namespace().name()’. 

In addition to basic queries/sets and the ability to navigate the model using path expressions, the  metaclass definitions in the following sections provide additional operations on XCIL model elements, and the ability to construct and iterate over collections of such elements.

These operations are based on the OCL operations select, iterate, and collect, and provide a context for the execution of associated transformations.

2.2.1 ModelElement

The following operations are available on all model elements. They extend the definition of ModelElement provided by [6]. 

	Metaclass
	ModelElement

	…
	…

	…
	…

	InfixOperator
	=

	Description
	Is the target model element identical (equal) to another? 

	Parameter
	(element: ModelElement)

	Refs
	[20, p. 6-30, OclAny, “=”], [28, p. 51, “=”]

	InfixOperator
	<>

	Description
	Is the target model element different (not equal) to another? 

	Parameter
	(element: ModelElement)

	Refs
	[20, p. 6-30, OclAny, “<>”], [28, p. 51, “<>”]

	Operation
	metaclass

	Description
	The metaclass of the element

	Refs
	[28, p. 51, “oclType”]


2.2.2 MetaAction

	Metaclass
	MetaAction

	Extends
	Action

	Description
	An action (expression or statement) representing a query or a transformation of the meta model

	Refs
	[20, Chapter 6], [23], [22, OMG MOF View/Query/Transform RFP]

	AssociationEnd
	context

	Description
	The context in which the action is defined

	Type
	ModelElement

	Refs
	[20, Chapter 6, context], [23, context]


2.2.2.1 Semantics

…

2.2.3 MetaStatement

	Metaclass
	MetaStatement

	Extends
	MetaAction

	Description
	An action that does not return a value (is of type void) 

	Attribute
	isReadOnly

	Value
	false


2.2.3.1 Semantics

…

2.2.4 MetaExpression

	Metaclass
	MetaExpression

	Extends
	MetaAction

	Description
	An meta-action that evaluates to a result of a given type 

	Attribute
	strict

	Description
	Is the expression ‘strict’ with respect to evaluation of its arguments?

	Type
	Boolean

	DefaultValue
	true

	AssociationEnd
	type

	Description
	The type of the expression

	Type
	Classifier

	Multiplicity
	1..1


2.2.4.1 Semantics

…

2.2.5 Query

	Metaclass
	Query

	Extends
	MetaExpression

	Description
	An expression that returns a named result based on the content of the meta-model, without side effect

	Attribute
	isReadOnly

	Value
	true


2.2.5.1 Semantics

…

2.2.6 QueryStatement

	Metaclass
	QueryStatement

	Extends
	MetaStatement

	Description
	An statement that assigns the result of a query over a collection of model elements to a local variable with a given name

	AssociationEnd
	from

	Description
	The collection of model elements to be queried

	Type
	ModelElementSet

	Multiplicity
	*

	CompositeEnd
	body

	Description
	A sequence of meta statements to be executed in the context of the query

	Type
	Sequence (MetaStatement)

	Multiplicity
	*


2.2.6.1 Semantics

Unlike a query, which returns a value, a query statement defines a persistent variable to which results are assigned or in which results are collected.  The semantics of QueryStatement are further defined by its subtypes (below).  

2.2.7 IterateStatement

	Metaclass
	IterateStatement

	Parameter
	(elementName: String)

	Extends
	QueryStatement

	Description
	An iteration over the members of a given collection

	Refs
	[20, p. 6-27, section 6.6.5 Iterate Operation]

	AssociationEnd
	elementType

	Description
	The type of element to look for/iterate over

	Type
	Classifier

	DefaultValue
	ModelElement

	LocalVariable
	elementName

	Description
	The local variable that is assigned successive values drawn from the collection

	Type
	elementType


2.2.7.1 Semantics

An IterateStatement defines an iteration variable with a given name whose type is specified by the property elementType. Execution of the statement repeatedly assigns to the iteration variable values drawn from the collection.  An IterateStatement is semantically equivalent to the OCL expression:

<elementName> : <elementType>;

… -- other properties of IterateStatement
while ( <from>.notEmpty() ) do

<elementName> = <from>.nextElement ();

if <elementName>.isSubtypeOf (<elementType>) then <body> endif;

endwhile;

Any meta-statements in same scope or in a nested scope may reference the iteration variable by name.

2.2.8 SelectStatment

	Metaclass
	SelectStatement

	Parameter
	(resultName: String)

	Extends
	QueryStatement

	Description
	A collection representing a selection of elements from a given collection

	Refs
	[20, p. 6-23, section 6.6.1 Select and Reject Operations]

	AssociationEnd
	collectionType

	Description
	The type of collection to be searched

	Type
	Classifier

	DefaultValue
	ModelElementSet

	AssociationEnd
	elementType

	Description
	The type of element to look for

	Type
	Classifier

	CompositeEnd
	given

	Description
	A sequence of OCL let expressions that apply to this and all nested definitions

	Type
	Sequence (OclLetExpression)

	Pin
	constraint

	Description
	The constraint (if any) that must be satisfied for an element to be selected

	Type
	OclConstraint

	LocalVariable
	resultName

	Description
	The local variable that contains the result of the query

	Type
	Collection(ModelElement)

	Multiplicity
	*


2.2.8.1 Semantics

A SelectStatement declares a local variable with a given name whose type is a collection of model elements.  Execution of the statement assigns to this variable the result of a select expression that chooses all elements of a specified element type that satisfy the constraint.  A SelectStatement is equivalent to the OCL expression:

let 

<resultName>: <collectionType> = <from>(select (metaclass().isSubtypeOf(<elementType>) and <constraint>) 

… -- other properties of SelectStatement
in 

<body>

Any meta-statements in same scope or in a nested scope may reference the result by name.

2.2.9 CollectStatement

	Metaclass
	CollectStatement

	Parameter
	(resultName: String)

	Extends
	QueryStatement

	Description
	A collection of model elements related by a mapping expression to those in a given collection

	Refs
	[20, p. 6-24, section 6.6.2 Collect Operation]

	AssociationEnd
	collectionType

	Description
	The collection to be mapped

	Type
	Classifier

	DefaultValue
	ModelElementSet

	Pin
	expression

	Description
	A mapping expression whose result is of type elementType

	Type
	MetaExpression

	LocalVariable
	resultName

	Description
	The local variable that contains the result of the query

	Type
	Collection(ModelElement)

	Multiplicity
	*


2.2.9.1 Semantics

A CollectStatement declares a local variable with a given name whose type is a collection of model elements. Execution of the statement assigns to this variable the result of a collect expression.  A CollectStatement is equivalent to the OCL expression:

let 

<resultName> : <collectionType> = <from>(collect (expression) 

… -- other properties of CollectStatement
In 

<body>

Any meta-statements in same scope or in a nested scope may reference the result by name.

2.2.10 Transformation

	Metaclass
	Transformation

	Extends
	MetaStatement

	Description
	A transformation of the meta model

	Refs
	

	Attribute
	isRequired

	Description
	Is the transformation required to implement the pattern?

	Type
	Boolean

	DefaultValue
	true


2.2.10.1 Semantics

A Transformation acts on the elements of the meta-model, adding, removing, replacing, or modifying them.

2.3 Analysis based queries and transformations

In addition to basic queries involoving the properties directly defined by XCIL, analysis tools may extend the XCIL model, and create their own views of it.  The following queries provide access to this information.  

The meta level type associated with an instance of a XCIL model element may be requested using the query ‘metaType ()’, corresponding to oclType in [20].  The meta type of an element may be tested to determine whether it is a subtype of another meta type using ‘isSubtypeOf (metaType)’

Operations may be referred to using OCL path expressions [20, section 6.5.3].  For example, all elements in the control flow of a model element ‘e’ may be requested by writing ‘e.cflow ()’.

Where new operations are provided for exising XCIL definitions, an ellipsis (‘…’) is used to indicate that the definitions given below must be merged with those appearing in [6].  The complete definition of ModelElement, for instance, is obtained by merging the operations defined below with the corresponding definition in [6].

To support a notation similar to AspectJ, many of the same operations are also provided on sets of XCIL elements, e.g., ModelElementSet’s.  In some cases, a particular operation (e.g., sharedVariables) applies only to the set as a whole (ThreadSet), and not to its individual members.  In other cases, an operation applies only to the individual members and not to the set as a whole.

Note: An attempt should be made to match the UML meta-model operations and the naming conventions (for model element collections and operations) used by [21] where it is possible to do so.  These include use of ‘create_’ as a prefix on metaclass instance create operations, use of the simple names of fields in get operations (no get_ prefix), use of a ‘set_’ prefix on operations that set the values of fields, use of the name CollectionT, SetT, etc. for collections of elements of type T, use of the prefix ‘unset_’ on operations that return field values to their defaults, use of the prefix ‘add_’ on operations that add an element to collection associated with a field, use of the prefix ‘remove_’ on opertions that delete an element from a collection associated with a field, and se of the prefix ‘modify_’ on operations that replace one element (old) with another (new) in a collection associated with a field.

2.3.1 ModelElement

	Metaclass
	ModelElement

	…
	…

	…
	…

	Operation
	isInstanceOf

	Description
	Is the element a direct instance of the given metaclass?

	Parameter
	(type: Metaclass)

	Refs
	[20, p. 6-31, OclAny, “oclIsTypeOf”], [28, p. 51, “oclIsTypeOf”]

	Operation
	isSubtypeOf

	Description
	Is the element an instance of either the given metaclass or one of its subtypes?

	Parameter
	(type: Metaclass)

	Refs
	[20, p. 6-31, OclAny, “oclIsKindOf”], [28, p. 51, “oclIsKindOf”]

	Operation
	asType

	Description
	Check that the element is an instance of type or one of its subtypes, returning the element if it is, or an undefined result if it is not

	Parameter
	(type: Metaclass)

	Pre
	object.isSubtypeOf (type)

	Post
	result = self

	Post
	result.isSubtypeOf (type)

	Refs
	[20, p. 6-31, OclAny, “oclAsType”], [28, p. 51, “oclAsType”], [23, p. 2-7, section 2.4.6]

	Operation
	enclosingElement

	Description
	The smallest element that contains this element 

	Parameter
	(): ModelElement

	Operation
	allInstances

	Description
	All instances of the model element 

	OwnerScope
	classifier

	Refs
	[20, p. 6-30, OclType, “allInstances”], [28, p. 53, “allInstances”], [23, p. 2-15, section 2.5.10]

	Operation
	cflow

	Description
	All elements in the control flow of the given element, including the element itself 

	Parameter
	():ModelElementSet

	Refs
	Corresponds to cflow (Pointcut) in AspectJ [2, Primitive Pointcuts, general form]

	Operation
	cflowbelow

	Description
	All elements in the control flow of the given element, excluding the element itself.  

	Parameter
	():ModelElementSet

	Refs
	Corresponds to cflowbelow (Pointcut) in AspectJ [2, Primitive Pointcuts, general form]

	Operation
	if

	Description
	All actions at which the run time boolean expression evaluates to true. 

	Parameter
	(BooleanExpression): ActionSet


2.3.2 ModelElementSet

	Metaclass
	ModelElementSet

	InstantiationOf
	Set (ModelElement)

	Description
	A set of model elements

	Operation
	enclosingElement

	Description
	The smallest element that contains all the elements in the set

	Parameter
	(): ModelElement

	Operation
	cflow

	Description
	All elements in the control flow of the given elements, including the elements themselves 

	Parameter
	():ModelElementSet

	Refs
	Corresponds to cflow (Pointcut) in AspectJ [2, Primitive Pointcuts, general form]

	Operation
	cflowbelow

	Description
	All elements in the control flow of the given elements, excluding the elements themselves.  

	Parameter
	():ModelElementSet

	Refs
	Corresponds to cflowbelow (Pointcut) in AspectJ [2, Primitive Pointcuts, general form]

	Operation
	if

	Description
	All actions at which the run time boolean expression evaluates to true. 

	Parameter
	(BooleanExpression): ActionSet

	Refs
	Corresponds to if (Expression) in AspectJ [2, Primitive Pointcuts, general form]


2.3.3 Package

	Metaclass
	Package

	…
	…

	…
	…

	Operation
	types

	Description
	All classifiers in the package with the properties given by TypeExpression

	Parameter
	(TypeExpression): ClassifierSet

	Refs
	Corresponds to TypePat in AspectJ [2, Primitive Pointcuts, TypePat]


2.3.4 PackageSet

	Metaclass
	PackageSet

	Extends
	ModelElementSet

	InstantiationOf
	Set (Package)


	Description
	A set of Package model elements

	Operation
	types

	Description
	All classifiers in the set of packages with the properties given by TypeExpression

	Parameter
	(TypeExpression): ClassifierSet

	Refs
	Corresponds to TypePat in AspectJ [2, Primitive Pointcuts, TypePat]


2.3.5 Classifier

	Metaclass
	Classifier

	…
	…

	…
	…

	Operation
	parents

	Description
	All parents of the classifier

	Parameter
	(): ClassifierSet

	Operation
	parentInterfaces

	Description
	All parents of the classifier that are interfaces

	Parameter
	():Set (Interface)

	Operation
	parentClasses

	Description
	All parents of the classifier that are classes

	Parameter
	():Set (Class)

	Operation
	ancestors

	Description
	All ancestors of the classifier

	Parameter
	(): ClassifierSet

	Operation
	ancestorInterfaces

	Description
	All ancestors of the classifier that are interfaces

	Parameter
	():Set (Interface)

	Operation
	ancestorClasses

	Description
	All ancestors of the classifier that are classes

	Parameter
	():Set (Class)

	Operation
	children

	Description
	All children of the classifier

	Parameter
	(): ClassifierSet

	Operation
	childInterfaces

	Description
	All children of the classifier that are interfaces

	Parameter
	():Set (Interface)

	Operation
	childClasses

	Description
	All children of the classifier that are classes

	Parameter
	():Set (Class)

	Operation
	descendents

	Description
	All descendents of the classifier

	Parameter
	(): ClassifierSet

	Operation
	descendentInterfaces

	Description
	All descendents of the classifier that are interfaces

	Parameter
	():Set (Interface)

	Operation
	descendentClasses

	Description
	All descendents of the classifier that are classes

	Parameter
	():Set (Class)

	Operation
	inheritancePaths

	Description
	All paths through the inheritance hierarchy that lead to the classier through a sequence of its ancestors

	Parameter
	(): Sequence(ClassifierInheritancePath))

	Operation
	specialization

	Description
	Those generalizations that connect the classifer to its children

	Parameter
	(): Set(Generalization)

	Operation
	depth

	Description
	The depth of the classifier in the overall inheritance hierarchy

	Parameter
	(): Integer

	Operation
	depthInSet

	Description
	The depth of the classifier in an abstraction of the inheritance hierarchy that contains only the classifiers in the given set

	Parameter
	(classifiers: ClassifierSet): Integer

	Operation
	inv

	Description
	The invariant associated with the classifier, including any invariant clauses inherited from its parents

	Parameter
	():Constraint

	Operation
	features

	Description
	All features directly defined by the classifier

	Parameter
	():Set (Feature)

	Operation
	allFeatures

	Description
	All features defined by the classifier (whether directly defined or inherited)

	Parameter
	():Set (Feature)

	Operation
	fields

	Description
	All fields directly defined by the classifier

	Parameter
	():FieldSet

	Operation
	fields

	Description
	All fields defined by the classifier with the properties given by FieldExpression

	Parameter
	(FieldExpression): FieldSet

	Refs
	Corresponds to FieldPat in AspectJ [2, Primitive Pointcuts, FieldPat]

	Operation
	allFields

	Description
	All fields defined by the classifier (whether directly defined or inherited)

	Parameter
	():FieldSet

	Operation
	variableFields

	Description
	All fields directly defined by the classifier whose value is not a compile time constant

	Parameter
	():FieldSet

	Operation
	allVariableFields

	Description
	All fields defined by the classifier (whether directly defined or inherited) whose value is not a compile time constant

	Parameter
	():FieldSet

	Operation
	attributes

	Description
	All attributes directly defined by the classifier

	Parameter
	():Set (Attribute)

	Operation
	allAttributes

	Description
	All attributes defined by the classifier (whether directly defined or inherited)

	Parameter
	():Set (Attribute)

	Operation
	associationEnds

	Description
	All association ends directly defined by the classifier

	Parameter
	():Set (AssociationEnd)

	Operation
	allAssociationEnds

	Description
	All association ends defined by the classifier (whether directly defined or inherited)

	Parameter
	():Set (AssociationEnd)

	Operation
	constructors

	Description
	All object initialize methods defined by the classifier with the properties given by ConstructorExpression

	Parameter
	(ConstructorExpression): Set (ObjectInitialize)

	Refs
	Corresponds to ConstructorPat in AspectJ [2, Primitive Pointcuts, ConstructorPat]

	Operation
	staticInitialization

	Description
	The body of the ClassInitialize method associated with the classifier

	Parameter
	():Block

	Refs
	Corresponds to staticinitialization (TypePat) in AspectJ [2, Primitive Pointcuts, general form]

	Operation
	operations

	Description
	All operations directly defined by the classifier

	Parameter
	():OperationSet

	Operation
	inheritedOperations

	Description
	All operations inherited by the classifier

	Parameter
	():OperationSet

	Operation
	allOperations

	Description
	All operations defined by the classifier (whether directly defined or inherited)

	Parameter
	():OperationSet

	Operation
	operations

	Description
	All operations defined by the classifier with the properties given by OperationExpression

	Parameter
	(OperationExpression): OperationSet

	Refs
	Corresponds to MethodPat in AspectJ [2, Primitive Pointcuts, MethodPat]

	Operation
	redefinedOperations

	Description
	All operations directly defined by the classifier that redefine inherited operations

	Parameter
	():OperationSet

	Operation
	methods

	Description
	All methods directly defined by the classifier

	Parameter
	():MethodSet

	Operation
	methods

	Description
	All methods defined by the classifier with the properties given by MethodExpression

	Parameter
	(MethodExpression): MethodSet

	Refs
	Corresponds to MethodPat in AspectJ [2, Primitive Pointcuts, MethodPat]

	Operation
	allMethods

	Description
	All methods defined by the classifier (whether directly defined or inherited)

	Parameter
	():MethodSet

	Operation
	handlers

	Description
	All exception handlers that handle an exception of a given type

	Parameter
	():Set (CatchClause)

	Refs
	Corresponds to handler (TypePat) in AspectJ [2, Primitive Pointcuts, general form]

	Operation
	within

	Description
	All actions defined within the classifier

	Parameter
	():ActionSet

	Refs
	Corresponds to within (TypePat) in AspectJ [2, Primitive Pointcuts, general form]

	Operation
	this

	Description
	All actions in methods where the currently executing object (the object bound to this) is an instance of the classifier. Will not match any elements from class methods.

	Parameter
	(): ActionSet

	Refs
	Corresponds to this (TypePat | Var) in AspectJ [2, Primitive Pointcuts, general form]

	Operation
	target

	Description
	All actions where the target object (of a call or field reference) is an instance of the classifier. Will not match any calls, gets or sets to class methods or fields.

	Parameter
	(): ActionSet

	Refs
	Corresponds to target (TypePat | Var) in AspectJ [2, Primitive Pointcuts, general form]

	Operation
	testSuite

	Description
	The set of test cases (if any) associated with the classifier

	Parameter
	(): Set(TestCase)

	Operation
	declareParents

	Description
	Declare the classifiers to be new parents of the target classifier

	Parameter
	(parents: ClassifierSet)

	Refs
	Corresponds to ‘declare parents’ in [2, Other Inter-type Declarations]

	Operation
	removeParents

	Description
	Break the parent relationship between the target classifier and the specified parent classifiers

	Parameter
	(parents: ClassifierSet)

	Operation
	declareOperation 

	Description
	Declare the operation to be a new member of the classifier

	Parameter
	(operation: Operation)

	Refs
	Corresponds to ‘abstract [Modfiers] Type TypePat.Id (Formals) [throws TypeList] ;‘ in [2, Inter-type Member Declarations]


Note: The property depthInSet is based on an abstraction of the overall inheritance hierarchy which includes only the classifiers in a given set. Other classifiers, not in this set, are still part of the hierarchy, but do not count when calculating depth.

Note: operations returns all operations directly defined by the classifier.  This includes operations that redefine inherited operations, i.e. operations includes redefinedOperations.

2.3.5.1 Subtypes

2.3.5.1.1 Interface

	Metaclass
	Interface

	…
	…

	…
	…

	Operation
	declareParentInterfaces

	Description
	Declare the interfaces to be new parents of the target interface

	Parameter
	(parents: ClassifierSet)

	Refs
	Corresponds to ‘declare parents’ in [2, Other Inter-type Declarations]


2.3.5.1.2 Class

	Metaclass
	Class

	…
	…

	…
	…

	Operation
	declareParentClasses

	Description
	Declare the classes to be new parents of the target class

	Parameter
	(parents: Set (Class))

	Refs
	Corresponds to ‘declare parents’ in [2, Other Inter-type Declarations]

	Operation
	declareMethod

	Description
	Declare the method to be a new member of the class

	Parameter
	(method: Method)

	Refs
	Corresponds to ‘[Modfiers] Type TypePat.Id (Formals) [throws TypeList] {Body}‘ in [2, Inter-type Member Declarations]

	Operation
	declareConstructor

	Description
	Declare the constructor method to be a new member of the class

	Parameter
	(method: ObjectInitialize)

	Refs
	Corresponds to ‘[Modfiers] Type TypePat.new (Formals) [throws [TypeList] {Body}‘ in [2, Inter-type Member Declarations]

	Operation
	declareField

	Description
	Declare the field to be a new member of the class

	Parameter
	(field: Field)

	Refs
	Corresponds to ‘[Modifiers] Type TypePat.Id [= Expression] ;‘ in [2, Inter-type Member Declarations]

	Operation
	hideField

	Description
	Hide a field (reduce its visibility), introducing get/set methods to access it, and changing reads and assignments to it to calls to these methods

	Parameter
	(visibility: visibilityKind)

	Operation
	declareDelegate

	Description
	Introduce and initialize fields in the target class representing delegates of each of the specified types. Return a set containing these fields

	Parameter
	(delegatedClasses: Set (Class)): FieldSet

	Operation
	delegateMethods

	Description
	Declare forwarding methods for the given methods of delegate classes

	Parameter
	(methods: Set (Method))

	Operation
	delegateFields

	Description
	Replace direct references to the given fields of delegate classes with calls to associated get/set methods

Get/set methods for the fields are introduced in the delegate classes if they do not exist

	Parameter
	(fields: Set (Field))


2.3.5.2 Related classes

2.3.5.2.1 ClassifierInheritancePath

	Metaclass
	ClassifierInheritancePath

	Operation
	classifiers

	Description
	The classifiers that lie along the path, ordered from most general to most specific

	Parameter
	(): Sequence(Classifier)

	Operation
	generalizations

	Description
	The generalizations that connect the classifiers that form the path, ordered from most general to most specific

	Parameter
	(): Set(Generalization)

	Operation
	generalization

	Description
	The generalization (if any) that connects a given classifier to its parent on the path

	Pre
	-- The given classifier lies on the path and does not appear first

classifiers()(includes(classifier) and (classifier <> classifiers()(first())

	Parameter
	(classifier: Classifier): Generalization

	Operation
	specialization

	Description
	The generalization (if any) that connects a given classifier to its child on the path

	Pre
	-- The given classifier lies on the path and does not appear last

classifiers()(includes(classifier) and (classifier <> classifiers()(last())

	Parameter
	(classifier: Classifier): Generalization


2.3.6 ClassifierSet

	Metaclass
	ClassifierSet

	Extends
	ModelElementSet

	InstantiationOf
	Set (Classifier)

	Description
	A set of Classifier model elements

	Operation
	parents

	Description
	All parents of the classifiers

	Parameter
	(): ClassifierSet

	Operation
	parentInterfaces

	Description
	All parents of the classifiers that are interfaces

	Parameter
	():Set (Interface)

	Operation
	parentClasses

	Description
	All parents of the classifiers that are classes

	Parameter
	():Set (Class)

	Operation
	ancestors

	Description
	All ancestors of the classifiers

	Parameter
	(): ClassifierSet

	Operation
	ancestorInterfaces

	Description
	All ancestors of the classifiers that are interfaces

	Parameter
	():Set (Interface)

	Operation
	ancestorClasses

	Description
	All ancestors of the classifiers that are classes

	Parameter
	():Set (Class)

	Operation
	children

	Description
	All children of the classifiers

	Parameter
	(): ClassifierSet

	Operation
	childInterfaces

	Description
	All children of the classifiers that are interfaces

	Parameter
	():Set (Interface)

	Operation
	childClasses

	Description
	All children of the classifiers that are classes

	Parameter
	():Set (Class)

	Operation
	descendents

	Description
	All descendents of the classifiers

	Parameter
	(): ClassifierSet

	Operation
	descendentInterfaces

	Description
	All descendents of the classifiers that are interfaces

	Parameter
	():Set (Interface)

	Operation
	descendentClasses

	Description
	All descendents of the classifiers that are classes

	Parameter
	():Set (Class)

	Operation
	inhereritancePaths

	Description
	All paths through the inheritance hierarchy that lead to the classiers through a sequence of their ancestors

	Parameter
	(): Sequence(ClassifierInheritancePath)

	Operation
	generalization

	Description
	Those generalizations that connect the classifers to their parents

	Parameter
	(): Set(Generalization)

	Operation
	specialization

	Description
	Those generalizations that connect the classifers to their children

	Parameter
	(): Set(Generalization)

	Operation
	features

	Description
	All features directly defined by the classifiers

	Parameter
	():Set (Feature)

	Operation
	allFeatures

	Description
	All features defined by the classifiers (whether directly defined or inherited)

	Parameter
	():Set (Feature)

	Operation
	fields

	Description
	All fields directly defined by the classifiers

	Parameter
	():FieldSet

	Operation
	fields

	Description
	All fields defined by the classifiers with the properties given by FieldExpression

	Parameter
	(FieldExpression): FieldSet

	Refs
	Corresponds to FieldPat in AspectJ [2, Primitive Pointcuts, FieldPat]

	Operation
	allFields

	Description
	All fields defined by the classifiers (whether directly defined or inherited)

	Parameter
	():FieldSet

	Operation
	variableFields

	Description
	All fields directly defined by the classifiers whose value is not a compile time constant

	Parameter
	():FieldSet

	Operation
	allVariableFields

	Description
	All fields defined by the classifiers (whether directly defined or inherited) whose value is not a compile time constant

	Parameter
	():FieldSet

	Operation
	attributes

	Description
	All attributes directly defined by the classifiers

	Parameter
	():Set (Attribute)

	Operation
	allAttributes

	Description
	All attributes defined by the classifiers (whether directly defined or inherited)

	Parameter
	():Set (Attribute)

	Operation
	associationEnds

	Description
	All association ends directly defined by the classifiers

	Parameter
	():Set (AssociationEnd)

	Operation
	allAssociationEnds

	Description
	All association ends defined by the classifiers (whether directly defined or inherited)

	Parameter
	():Set (AssociationEnd)

	Operation
	constructors

	Description
	All object initialize methods defined by the classifiers that have the properties given by ConstructorExpression

	Parameter
	(expression: ConstructorExpression): Set (ObjectInitialize)

	Refs
	Corresponds to ConstructorPat in AspectJ [2, Primitive Pointcuts, ConstructorPat]

	Operation
	staticInitializations

	Description
	The bodies of the ClassInitialize methods associated with the classifiers

	Parameter
	():Set (Block)

	Refs
	Corresponds to staticinitialization (TypePat) in AspectJ [2, Primitive Pointcuts, general form]

	Operation
	operations

	Description
	All operations directly defined by the classifiers

	Parameter
	():OperationSet

	Operation
	inheritedOperations

	Description
	All operations inherited by the classifiers

	Parameter
	():OperationSet

	Operation
	allOperations

	Description
	All operations defined by the classifiers (whether directly defined or inherited)

	Parameter
	():OperationSet

	Operation
	operations

	Description
	All operations defined by the classifiers with the properties given by OperationExpression

	Parameter
	(OperationExpression): OperationSet

	Refs
	Corresponds to MethodPat in AspectJ [2, Primitive Pointcuts, MethodPat]

	Operation
	redefinedOperations

	Description
	All operations directly defined by the classifiers that redefine inherited operations

	Parameter
	():OperationSet

	Operation
	methods

	Description
	All methods directly defined by the classifiers

	Parameter
	():MethodSet

	Operation
	methods

	Description
	All methods defined by the classifiers with the properties given by MethodExpression

	Parameter
	(MethodExpression): MethodSet

	Refs
	Corresponds to MethodPat in AspectJ [2, Primitive Pointcuts, MethodPat]

	Operation
	allMethods

	Description
	All methods defined by the classifiers (whether directly defined or inherited)

	Parameter
	():MethodSet

	Operation
	handlers

	Description
	All exception handlers that handle an exception of a given type

	Parameter
	():Set (CatchClause)

	Refs
	Corresponds to handler (TypePat) in AspectJ [2, Primitive Pointcuts, general form]

	Operation
	within

	Description
	All actions defined within any of the classifiers

	Parameter
	():ActionSet

	Refs
	Corresponds to within (TypePat) in AspectJ [2, Primitive Pointcuts, general form]

	Operation
	this

	Description
	All actions in methods where the currently executing object (the object bound to this) is an instance of one of the classifiers. Will not match any elements from class methods.

	Parameter
	(): ActionSet

	Refs
	Corresponds to this (TypePat | Var) in AspectJ [2, Primitive Pointcuts, general form]

	Operation
	target

	Description
	All actions where the target object (of a call or field reference) is an instance of one of the classifiers. Will not match any calls, gets or sets to class methods or fields.

	Parameter
	(): ActionSet

	Refs
	Corresponds to target (TypePat | Var) in AspectJ [2, Primitive Pointcuts, general form]

	Operation
	not

	Description
	All classifiers in the scope of the system that do not appear in the set

	Parameter
	(): ClassifierSet)

	Refs
	Corresponds to ! in AspectJ [2, Primitive Pointcuts, general form]

	Operation
	covers

	Description
	Are all instances of the classifiers in the target set also instances of the classifiers in the second set?

	Parameter
	(classifiers: ClassifierSet): Boolean


2.3.7 Field

	Metaclass
	Field

	…
	…

	…
	…

	Operation
	redefinitionPaths

	Description
	All paths through the redefinition hierarchy that lead to the field 

	Parameter
	(): Sequence(FieldRedefinitionPath))

	Operation
	root

	Description
	The root definition of the field, which is the most general version of the field if it is redefined, and the field itself if it is not

	Parameter
	():Operation

	Operation
	gets

	Description
	All actions that directly read the field

	Parameter
	():Set (ReadObjectField)

	Refs
	Corresponds to get (FieldPat) in AspectJ [2, Primitive Pointcuts, general form]

	Operation
	sets

	Description
	All actions that directly assign a value to the field

	Parameter
	():Set (AssignObjectField)

	Refs
	Corresponds to set (FieldPat) in AspectJ [2, Primitive Pointcuts, general form]

	Operation
	signature

	Description
	The field’s signature

	Parameter
	():FieldExpression

	Refs
	[3, p. 31, getSignature()], [3, p. 73, Signatures]

[2, Primitive Pointcuts, general form, FieldPat]


2.3.7.1 Related classes

2.3.7.1.1 FieldRedefinitionPath

	Metaclass
	FieldRedefinitionPath

	Operation
	fields

	Description
	The operations that lie along the path, ordered from most general to most specific

	Parameter
	(): Sequence(Field)


2.3.8 FieldSet

	Metaclass
	FieldSet

	Extends
	ModelElementSet

	InstantiationOf
	Set (Field)

	Description
	A set of Field model elements

	Operation
	redefinitionPaths

	Description
	All paths through the redefinition hierarchy that lead to the fields

	Parameter
	(): Sequence(FieldRedefinitionPath))

	Operation
	gets

	Description
	All actions that directly read any of the fields

	Parameter
	():Set (ReadObjectField)

	Refs
	Corresponds to get (FieldPat) in AspectJ [2, Primitive Pointcuts, general form]

	Operation
	sets

	Description
	All actions that directly assign a value to any of the fields

	Parameter
	():Set (AssignObjectField)

	Refs
	Corresponds to set (FieldPat) in AspectJ [2, Primitive Pointcuts, general form]


2.3.9 Operation

	Metaclass
	Operation

	…
	…

	…
	…

	Operation
	redefinitionPaths

	Description
	All paths through the redefinition hierarchy that lead to the operation 

	Parameter
	(): Sequence(OperationRedefinitionPath))

	Operation
	root

	Description
	The root definition of the operation, which is the most general version of the operation if it is redefined, and the operation itself if it is not

	Parameter
	():Operation

	Operation
	type

	Description
	The classifier that defines the operation

	Parameter
	(): Classifier

	Refs
	See [3, p. 73, method execution join point]

	Operation
	name

	Description
	The name of the operation

	Parameter
	(): Name

	Refs
	See [3, p. 73, method execution join point]

	Operation
	pre

	Description
	The precondition associated with the operation, including any precondition clauses inherited from parent versions of the operation

	Parameter
	(): Constraint

	Operation
	post

	Description
	The postcondition associated with the operation, including any postcondition clauses inherited from parent versions of the operation

	Parameter
	(): Constraint

	Operation
	parameterTypes

	Description
	A list of the types of the parameters associated with the operation

	Parameter
	(): Sequence (Classifier)

	Refs
	See [3, p. 73, method execution join point]

	Operation
	returnType

	Description
	The return type associated with the operation if any.

The size of the sequence is either zero or one.

	Parameter
	():Sequence (Classifier)

	Refs
	See [3, p. 73, method execution join point]

	Operation
	signature

	Description
	The operation’s signature

	Parameter
	():OperationExpression

	Refs
	[3, p. 31, getSignature()], [3, p. 73, Signatures]

[2, Primitive Pointcuts, general form, MethodPat]

	Operation
	methods

	Description
	All methods that implement the operation or any redefinition of it

	Parameter
	():MethodSet

	Operation
	methods

	Description
	All methods that implement the operation (or any redefinition of it) in the subtypes of a given classifier

	Parameter
	(classifier: Classifier): MethodSet

	Operation
	calls

	Description
	All calls to the operation

	Parameter
	():Set (CallOperation)

	Refs
	Corresponds to call (MethodPat) in AspectJ [2, Primitive Pointcuts, general form]

	Operation
	dispatchingCalls

	Description
	All calls to the operation that could involve dynamic dispatch

	Parameter
	():Set (CallOperation)


2.3.9.1 Related classes

2.3.9.1.1 OperationRedefinitionPath

	Metaclass
	OperationRedefinitionPath

	Operation
	operations

	Description
	The operations that lie along the path, ordered from most general to most specific

	Parameter
	(): Sequence(Operation)


2.3.10 OperationSet

	Metaclass
	OperationSet

	Extends
	ModelElementSet

	InstantiationOf
	Set (Operation)

	Description
	A set of Operation model elements

	Operation
	redefinitionPaths

	Description
	All paths through the redefinition hierarchy that lead to the operations

	Parameter
	(): Sequence(OperationRedefinitionPath))

	Operation
	calls

	Description
	All calls to the given operations

	Parameter
	():Set (CallOperation)

	Refs
	Corresponds to call (MethodPat) in AspectJ [2, Primitive Pointcuts, general form]

	Operation
	dispatchingCalls

	Description
	All calls to operations in the set that could involve dynamic dispatch

	Parameter
	():Set (CallOperation)


2.3.11 Method

	Metaclass
	Method

	…
	…

	…
	…

	Operation
	class

	Description
	The class that defines the method

	Parameter
	(): Class

	Refs
	See [3, p. 73, method execution join point]

	Operation
	overrides

	Description
	All superclass methods overridden by the method

	Parameter
	(): MethodSet

	Operation
	name

	Description
	The name of the method

	Parameter
	(): Name

	Refs
	See [3, p. 73, method execution join point]

	Operation
	parameterTypes

	Description
	A list of the types of the parameters associated with the method

	Parameter
	(): Sequence (Classifier)

	Refs
	See [3, p. 73, method execution join point]

	Operation
	returnType

	Description
	The return type associated with the method if any.  

The size of the sequence is either zero or one.

	Parameter
	():Sequence (Classifier)

	Refs
	See [3, p. 73, method execution join point]

	Operation
	signature

	Description
	The method’s signature

	Parameter
	():MethodExpression

	Refs
	[3, p. 31, getSignature()], [3, p. 73, Signatures]

[2, Primitive Pointcuts, general form, MethodPat]

	Operation
	body

	Description
	The body of the method

	Parameter
	(): Block

	Operation
	calls

	Description
	All calls to the method

	Parameter
	(): Set (CallOperation)

	Refs
	Corresponds to call (MethodPat) in AspectJ [2, Primitive Pointcuts, general form]

	Operation
	dispatchingCalls

	Description
	All calls to the methods that could involve dynamic dispatch

	Parameter
	():Set (CallOperation)

	Operation
	executions

	Description
	The body of the method

	Parameter
	(): Block

	Refs
	Corresponds to execution (MethodPat) in AspectJ [2, Primitive Pointcuts, general form]

	Operation
	withincode

	Description
	All actions defined within the method

	Parameter
	(): ActionSet

	Refs
	Corresponds to withincode (MethodPat) in AspectJ [2, Primitive Pointcuts, general form]


The overrides property is analogous to the redefines property for operations in XCIL.  It returns all superclass methods that implement the same operation as the given method and are overridden by it.

2.3.11.1 Subtypes

2.3.11.1.1 InitializeObject

	Metaclass
	InitializeObject

	…
	…

	…
	…

	Operation
	class

	Description
	The class that defines the constructor

	Parameter
	(): Class

	Refs
	See [3, p. 73, method execution join point]

	Operation
	parameterTypes

	Description
	A list of the types of the parameters associated with the constructor

	Parameter
	(): Sequence (Classifier)

	Refs
	See [3, p. 73, method execution join point]

	Operation
	calls

	Description
	All calls to the given constructors

	Parameter
	():Set (CallOperation)

	Refs
	Corresponds to call (ConstructorPat) in AspectJ [2, Primitive Pointcuts, general form]

	Operation
	executions

	Description
	The bodies of the InitializeObject methods

	Parameter
	():Set (Block)

	Refs
	Corresponds to execution (ConstructorPat) in AspectJ [2, Primitive Pointcuts, general form]


2.3.12 MethodSet

	Metaclass
	MethodSet

	Extends
	ModelElementSet

	InstantiationOf
	Set (Method)

	Description
	A set of Method model elements

	Operation
	calls

	Description
	All calls to the given methods

	Parameter
	():Set (CallOperation)

	Refs
	Corresponds to call (MethodPat) in AspectJ [2, Primitive Pointcuts, general form]

	Operation
	dispatchingCalls

	Description
	All calls to methods in the set that could involve dynamic dispatch

	Parameter
	():Set (CallOperation)

	Operation
	executions

	Description
	The bodies of the methods

	Parameter
	():Set (Block)

	Refs
	Corresponds to execution (MethodPat) in AspectJ [2, Primitive Pointcuts, general form]

	Operation
	withincode

	Description
	All actions defined within any of the methods

	Parameter
	():ActionSet

	Refs
	Corresponds to withincode (MethodPat) in AspectJ [2, Primitive Pointcuts, general form]

	Operation
	args

	Description
	All actions in methods where each method argument matches one of the classifiers listed at its argument position.

	Parameter
	(methodType: Sequence (ClassifierSet)): ActionSet

	Refs
	Corresponds to args (TypePat | Var) in AspectJ [2, Primitive Pointcuts, general form]


2.3.13 Pin

	Metaclass
	Pin

	…
	…

	…
	…

	Operation
	isConstant

	Description
	Determine whether the argument associated with the pin represents a constant expression

	Parameter
	(): Boolean

	Operation
	value

	Description
	Return the constant value of the argument associated with the pin

	Pre
	isConstant()

	Parameter
	(): Classifier


2.3.14 Variable

	Metaclass
	Variable

	…
	…

	…
	…

	Operation
	types

	Description
	The types of a given variable, i.e. all classifiers that are ancestors of the variable’s declared type.

	Parameter
	():  ClassifierSet

	Operation
	classes

	Description
	The classes of a given variable, i.e. all classes that are ancestors of the variable’s declared type.

	Parameter
	():Set (Class)

	Operation
	subtypes

	Description
	The subtypes of a given variable, i.e. the variable’s declared type and all classifiers that are descendants of this type.

	Parameter
	(): ClassifierSet

	Operation
	subclasses

	Description
	The subclasses of a given variable, i.e. the variable’s declard type (if it is a class) and all classes that are descendants of this type

	Parameter
	():Set (Class)

	Operation
	references

	Description
	All actions that either directly assign a value to the variable or directly read from it

	Parameter
	():ActionSet

	Operation
	assigns

	Description
	All actions that directly assign a value to the variable

	Parameter
	():ActionSet

	Operation
	reads

	Description
	All actions that directly read from the variable

	Parameter
	():ActionSet

	Operation
	dflowReferences

	Description
	All actions that contribute to a value assigned to the variable or depend on a value read from it

	Parameter
	():ActionSet

	Operation
	dflowAssigns

	Description
	All actions that contribute to a value assigned to the variable

	Parameter
	():ActionSet

	Operation
	dflowReads

	Description
	All actions that depend on a value read from the variable

	Parameter
	():ActionSet

	Operation
	dflowReferencesIn

	Description
	All actions within the definition of a given action and its subactions that contribute to a value assigned to the variable or depend on a value read from it 

	Parameter
	(action: Action):ActionSet

	Operation
	dflowAssignsIn

	Description
	All actions within the definition of a given action and its subactions that contribute to a value assigned to the variable 

	Parameter
	(action: Action):ActionSet

	Operation
	dflowReadsIn

	Description
	All actions within the definition of a given action and its subactions that depend on a value read from the variable

	Parameter
	(action: Action):ActionSet

	Operation
	dflowReferencesInMethodBefore

	Description
	All actions before a given action of a method that contribute to a value assigned to the variable or depend on a value read from it.

	Post
	-- Return all actions before the given action that appear in the same method and

-- contribute to a value assigned to the variable or depend on a value read from it

	Parameter
	(action: Action):ActionSet

	Operation
	dflowAssignsInMethodBefore

	Description
	All actions before a given action of a method that contribute to a value assigned to the variable

	Post
	-- Return all actions before the given action that appear in the same method and

-- contribute to a value assigned to the variable

	Parameter
	(action: Action):ActionSet

	Operation
	dflowReadsInMethodBefore

	Description
	All actions before a given action of a method that depend on a value read from the variable

	Post
	-- Return all actions before the given action that appear in the same method and

-- depend on a value read from the variable

	Parameter
	(action: Action):ActionSet

	Operation
	polymorphicAssignments

	Description
	All assignments to the variable that involve associating a subclass instance with a variable whose declared type is a supertype

	Parameter
	():Set (WriteVariable)


2.3.15 VariableSet

	Metaclass
	VariableSet

	Extends
	ModelElementSet

	InstantiationOf
	Set (Variable)

	Description
	A set of Variable model elements

	Operation
	references

	Description
	All actions that either directly assign a value to the variables or directly read from them

	Parameter
	():ActionSet

	Operation
	assigns

	Description
	All actions that directly assign a value to the variables

	Parameter
	():ActionSet

	Operation
	reads

	Description
	All actions that directly read from the variables

	Parameter
	():ActionSet

	Operation
	dflowReferences

	Description
	All actions that contribute to a value assigned to one of the variables or depend on a value read from one of them

	Parameter
	():ActionSet

	Operation
	dflowAssigns

	Description
	All actions that contribute to a value assigned to one of the variables

	Parameter
	():ActionSet

	Operation
	dflowReads

	Description
	All actions that depend on a value read from one of the variables

	Parameter
	():ActionSet

	Operation
	dflowReferencesIn

	Description
	All actions within the definition of a given action and its subactions that contribute to a value assigned to the variable or depend on a value read from it 

	Parameter
	(action: Action):ActionSet

	Operation
	dflowAssignsIn

	Description
	All actions within the definition of a given action and its subactions that contribute to a value assigned to the variable 

	Parameter
	(action: Action):ActionSet

	Operation
	dflowReadsIn

	Description
	All actions within the definition of a given action and its subactions that depend on a value read from the variable

	Parameter
	(action: Action):ActionSet

	Operation
	dflowReferencesInMethodBefore

	Description
	All actions before a given action in a method that contribute to a value assigned to the variable or depend on a value read from it.

	Post
	-- Return all actions before the given action that appear in the same method and

-- contribute to a value assigned to the variable or depend on a value read from it

	Parameter
	(action: Action):ActionSet

	Operation
	dflowAssignsInMethodBefore

	Description
	All actions before a given action in a method that contribute to a value assigned to the variable

	Post
	-- Return all actions before the given action that appear in the same method and

-- contribute to a value assigned to the variable

	Parameter
	(action: Action):ActionSet

	Operation
	dflowReadsInMethodBefore

	Description
	All actions before a given action in a method that depend on a value read from the variable

	Post
	-- Return all actions before the given action that appear in the same method and

-- depend on a value read from the variable

	Parameter
	(action: Action):ActionSet

	Operation
	polymorphicAssignments

	Description
	All assignments to the variables that involve associating a subclass instance with a variable whose declared type is a supertype

	Parameter
	():Set (WriteVariable)


2.3.16 Thread

	Metaclass
	Thread

	…
	…

	…
	…


2.3.17 ThreadSet

	Metaclass
	ThreadSet

	Extends
	ModelElementSet

	InstantiationOf
	Set (Thread)

	Description
	A set of Thread model elements

	Operation
	sharedVariables

	Description
	All variables concurrently accessible by more than one thread from the given set.

	Parameter
	(): VariableSet


2.3.18 Action

	Metaclass
	Action

	…
	…

	…
	…

	Operation
	definingClass

	Description
	The class that defines the action

	Parameter
	():Class

	Operation
	pins

	Description
	The pins associated with the action

	Parameter
	():Set(Pin)

	Operation
	dataElementsRead

	Description
	All data elements (variables and constants) that may be read  (either directly or indirectly) by executing the action

	Parameter
	():Set(DataElement)

	Operation
	variablesRead

	Description
	All variables that may be read  (either directly or indirectly) by executing the action

	Parameter
	():VariableSet

	Operation
	variablesAssigned

	Description
	All variables that may be assigned to  (either directly or indirectly) by executing the action

	Parameter
	():VariableSet

	Operation
	variablesReferenced

	Description
	All variables that may be read or assigned to  (either directly or indirectly) by executing the action

	Parameter
	():VariableSet

	Operation
	canMoveAfter

	Description
	Can the action be moved to follow another without a change in semantics?

	Parameter
	(action: Action):Boolean

	Operation
	applySetUseAnalysis

	Description
	Apply an analysis to determine which variables within the control flow of the action are read before explicitly assigned an initial value

	Parameter
	():SetUseAnalysisView

	Operation
	insertBefore

	Description
	The code is inserted in all control flows into the action

	Parameter
	(action: Action)

	Refs
	Corresponds to ‘before’ in [2, Advice Declarations]

	Operation
	insertAfterReturning

	Description
	The code is inserted in all control flows that represent normal returns from the action

	Parameter
	(action: Action)

	Refs
	Corresponds to ‘after returning’ in [2, Advice Declarations]

	Operation
	insertAfterThrowing

	Description
	The code is inserted in all control flows that represent the throwing of exceptions by the action

	Parameter
	(action: Action)

	Refs
	Corresponds to ‘after throwing’ in [2, Advice Declarations]

	Operation
	insertAfter

	Description
	The code is inserted in all control flows out of the action

	Parameter
	(action: Action)

	Refs
	Corresponds to ‘after’ in [2, Advice Declarations]

	Operation
	insertAround

	Description
	The code is inserted in place of the action

	Parameter
	(block: Block)

	Refs
	Corresponds to ‘around’ in [2, Advice Declarations]

	Operation
	insertAroundThrows

	Description
	The code is inserted in place of the action and is allowed to throw the specified exception

	Parameter
	(block: Block, exception: Exception)

	Refs
	Corresponds to ‘around throws’ in [2, Advice Declarations]


2.3.18.1 Subtypes

2.3.18.1.1 CallOperation

	Metaclass
	CallOperation

	…
	…

	…
	…

	Operation
	declaredTargetType

	Description
	The declared type of the target of the call

	Parameter
	(): Classifier

	Refs
	See [3, p. 73, method call join point]

	Operation
	operation

	Description
	The operation called

	Parameter
	():Operation

	Refs
	See [3, p. 73, method call join point]

	Operation
	methods

	Description
	The method or set of methods that may be called.

Equivalent to asking for all methods that implement the called operation that are subtypes of the declaredTargetType.

	Parameter
	():MethodSet

	Refs
	See [3, p. 73, method call join point]

	Operation
	parameterTypes

	Description
	A list of the types of the parameters associated with the call

	Parameter
	(): Sequence (Classifier)

	Refs
	See [3, p. 73, method call join point],  [3, p. 73, constructor call join point]

	Operation
	returnType

	Description
	The return type associated with the call if any.  

The size of the sequence is either zero or one.

	Parameter
	(): Sequence (Classifier)

	Refs
	See [3, p. 73, method call join point]

	Operation
	type

	Pre
	-- If a constructor call
operation.isSubtypeOf (InitializeObject)

	Description
	The type of the object to be constructed


	Parameter
	(): Classifier

	Refs
	See [3, p. 73, constructor call join point]


2.3.18.1.2 ReadField

	Metaclass
	ReadField

	…
	…

	…
	…

	Operation
	accessAsType

	Description
	The type used to access the field

	Parameter
	(): Classifier

	Refs
	See [3, p. 73, field reference join point]

	Operation
	fieldname

	Description
	The name of the field

	Parameter
	(): Name

	Refs
	See [3, p. 73, field reference join point]

	Operation
	fieldType

	Description
	The type of the field

	Parameter
	(): Classifier

	Refs
	See [3, p. 73, field reference join point]


2.3.18.1.3 AssignField

	Metaclass
	AssignField

	…
	…

	…
	…

	Operation
	assignAsType

	Description
	The type used to assign to the field

	Parameter
	(): Classifier

	Refs
	See [3, p. 73, field assignment join point]

	Operation
	fieldname

	Description
	The name of the field

	Parameter
	(): Name

	Refs
	See [3, p. 73, field assignment join point]

	Operation
	fieldType

	Description
	The type of the field

	Parameter
	(): Classifier

	Refs
	See [3, p. 73, field assignment join point]

	Operation
	insertBefore

	Description
	The code is inserted in all control flows into the action

	Parameter
	(action: Action)

	Refs
	Corresponds to ‘before’ in [2, Advice Declarations]

	Operation
	insertAfterReturning

	Description
	The code is inserted in all control flows that represent normal returns from the action

	Parameter
	(action: Action)

	Refs
	Corresponds to ‘after returning’ in [2, Advice Declarations]

	Operation
	insertAfterThrowing

	Description
	The code is inserted in all control flows that represent the throwing of exceptions by the action

	Parameter
	(action: Action)

	Refs
	Corresponds to ‘after throwing’ in [2, Advice Declarations]

	Operation
	insertAfter

	Description
	The code is inserted in all control flows out of the action

	Parameter
	(action: Action)

	Refs
	Corresponds to ‘after’ in [2, Advice Declarations]

	Operation
	insertAround

	Description
	The code is inserted in place of the action

	Parameter
	(block: Block)

	Refs
	Corresponds to ‘around’ in [2, Advice Declarations]

	Operation
	insertAroundThrows

	Description
	The code is inserted in place of the action and is allowed to throw the specified exception

	Parameter
	(block: Block, exception: Exception)

	Refs
	Corresponds to ‘around throws’ in [2, Advice Declarations]


2.3.18.1.4 Throw

	Metaclass
	Throw

	…
	…

	…
	…

	Operation
	handlers

	Description
	The set of catch clauses that handle the thrown exception

	Parameter
	():Set(CatchClause)


2.3.18.1.5 CatchClause

	Metaclass
	CatchClause

	…
	…

	…
	…

	Operation
	exceptionType

	Description
	The exception type that the catch clause handles

	Parameter
	(): Classifier

	Refs
	See [3, p. 73, handler execution join point]

	Operation
	body

	Description
	The body of the catch clause

	Parameter
	(): Block


2.3.19 ActionSet

	Metaclass
	ActionSet

	Extends
	ModelElementSet

	InstantiationOf
	Set (Action)

	Description
	A set of Action model elements

	Operation
	dataElementsRead

	Description
	All data elements (variables and constants) that may be read  (either directly or indirectly) by executing the action

	Parameter
	():Set(DataElement)

	Operation
	variablesRead

	Description
	All variables that may be read  (either directly or indirectly) by executing the actions

	Parameter
	():VariableSet

	Operation
	variablesAssigned

	Description
	All variables that may be assigned to  (either directly or indirectly) by executing the actions

	Parameter
	():VariableSet

	Operation
	variablesReferenced

	Description
	All variables that may be read or assigned to  (either directly or indirectly) by executing the actions

	Parameter
	():VariableSet

	Operation
	applySetUseAnalysis

	Description
	Apply an analysis to determine which variables within the control flow of the actions are read before explicitly assigned an initial value

	Parameter
	():SetUseAnalysisView

	Operation
	insertBefore

	Description
	The code is inserted in all control flows into the actions

	Parameter
	(action: Action)

	Refs
	Corresponds to ‘before’ in [2, Advice Declarations]

	Operation
	insertAfterReturning

	Description
	The code is inserted in all control flows that represent normal returns from the actions

	Parameter
	(action: Action)

	Refs
	Corresponds to ‘after returning’ in [2, Advice Declarations]

	Operation
	insertAfterThrowing

	Description
	The code is inserted in all control flows that represent the throwing of exceptions by the actions

	Parameter
	(action: Action)

	Refs
	Corresponds to ‘after throwing’ in [2, Advice Declarations]

	Operation
	insertAfter

	Description
	The code is inserted in all control flows out of the actions

	Parameter
	(action: Action)

	Refs
	Corresponds to ‘after’ in [2, Advice Declarations]

	Operation
	insertAround

	Description
	The code is inserted in place of the actions

	Parameter
	(block: Block)

	Refs
	Corresponds to ‘around’ in [2, Advice Declarations]

	Operation
	insertAroundThrows

	Description
	The code is inserted in place of the actions and is allowed to throw the specified exception

	Parameter
	(block: Block, exception: Exception)

	Refs
	Corresponds to ‘around throws’ in [2, Advice Declarations]


2.3.20 PatternDisplay

	Metaclass
	PatternDisplay

	Description
	A user interface display of a pattern consisting (optionally) of one or more subdisplay elements

	Operation
	generate

	Description
	Generate a display describing the pattern, listing all instances of the problem that were found, and providing the results of any related pointcut queries

If the pattern is interactive, a menu of related patterns and transformations is provided

	Parameter
	(pattern: Pattern)

	Refs
	Corresponds to ‘declare warning’ and ‘declare error’ in [2, Other Inter-type Declarations].

	CompositeEnd
	subdisplays

	Description
	Any subdisplays associated with the overall user interface display

	Type
	Sequence (PatternDisplay)


The overall user interface associated with the application of a given pattern.

2.3.20.1 Subtypes

2.3.20.1.1 Subdisplay

	Metaclass
	Subdisplay

	Extends
	PatternDisplay

	Description
	A hypertext display


A display that appears as part of the overall user interface. The subdisplay may be a separate panel or window.

2.3.20.1.2 HypertextDisplay

	Metaclass
	HypertextDisplay

	Extends
	Subdisplay

	Description
	A hypertext display

	CompositeEnd
	constraint

	Description
	The constraint (if any) that must be satisfied for the display to appear

	Type
	OclConstraint

	DefaultValue
	true

	Attribute
	hyperText

	Type
	HTML


A hypertext display can be used to present the user with any information that can be represented in HTML, e.g. a description of the problem the pattern addresses, recommendations for refactoring/editing the model/program, or a review check list.

2.3.20.1.3 ElementDisplay

	Metaclass
	ElementDisplay

	Extends
	Subdisplay

	Description
	A display that contains a graphical or textual representation of one or more XCIL model elements and the relationships between them

	CompositeEnd
	constraint

	Description
	The constraint (if any) that must be satisfied for the display to appear

	Type
	OclConstraint

	DefaultValue
	true

	Attribute
	hyperText

	Description
	An optional hypertext description, with links to the elements

	Type
	HTML

	AssociationEnd
	elements

	Type
	Collection (ModelElement)

	Multiplicity
	*

	AssociationEnd
	in

	Description
	An enclosing context in which the elements are to be displayed (if any)

	Type
	ModelElement


An ElementDisplay presents the user with a view of one or more elements in either the source code or the corresponding XCIL representation. The source code representation is used as the default, although the user should be able to easily switch between the two.  Typically the elements are highlighted in an enclosing context.  The hypertext provides an optional commentary on what is presented. 

2.3.20.1.4 EditMenu

	Metaclass
	EditMenu

	Extends
	Subdisplay

	Description
	A menu of patterns and refactorings which the user can apply to XCIL model elements selected by the user

	CompositeEnd
	constraint

	Description
	The constraint (if any) that must be satisfied for the menu to appear

	Type
	OclConstraint

	DefaultValue
	true

	AssociationEnd
	patterns

	Type
	Collection (Pattern)

	Multiplicity
	*


An edit menu provides the user with a number of options (menu items) for refactoring or editing the software. Typically one or more patterns are provided to support refactoring.  The user is also always provided with the option to directly edit and reparse the source code.

2.3.20.1.5 ReviewMenu

	Metaclass
	ReviewMenu

	Extends
	Subdisplay

	Description
	A menu that permits the user to record the results of a model/code review

	CompositeEnd
	constraint

	Description
	The constraint (if any) that must be satisfied for the menu to appear

	Type
	OclConstraint

	DefaultValue
	true


A review menu provides the user with the opportunity to specify the results of a model/code review in response to a warning.  If the current version of the software is accepted “as is”, the particular warning should not appear again until the reviewed portion of the code is again edited.  

If the user makes changes in response to the warning, the new version of the software should be parsed and rechecked, and the user should respond to any subsequent warnings in accordance with the review results. 

2.3.20.1.6 AnalyisMenu

	Metaclass
	AnalysisMenu

	Extends
	Subdisplay

	Description
	A menu of analysis methods (patterns without transformations) that support interactive editing and evaluation of the results

	CompositeEnd
	constraint

	Description
	The constraint (if any) that must be satisfied for the menu to appear

	Type
	OclConstraint

	DefaultValue
	true

	AssociationEnd
	patterns

	Type
	Collection (Pattern)

	Multiplicity
	*


An analysis menu provides the user with a number of options (menu items) that support interactive editing and evaluation of the results. 

2.4 Analysis views

Some forms of analysis based queries do not return a simple collection of elements as a result.  Instead they produce a ‘view’ representing a number of related results that can itself be queried.

2.4.1 SetUseAnalysisView

	Metaclass
	SetUseAnalysisView

	Description
	A view that represents the results of a set/use analysis

	Operation
	variablesReadBeforeSet

	Description
	All variables thyat are read before being set to an initial value

	Parameter
	(): VariableSet

	Operation
	variablesReadBeforeAssigned

	Description
	All variables that are read before being explicitly assigned an initial value (either by Assign, or as part of the variable’s declaration)

	Parameter
	(): VariableSet

	Operation
	readsBeforeAssign

	Description
	All reads of a given variable that occur before it is explicitly assigned an initial value

	Parameter
	(): ActionSet

	Operation
	assignsAfterRead

	Description
	All explicit assignments to a given variable after it has first been read

	Parameter
	(): ActionSet

	CreateObject
	create

	Description
	Create a new set/use analysis view

	Parameter
	(ActionSet): SetUseAnalysisView


A SetUseAnalysisView provides access to the results of a set/use analysis.  The analysis results themselves are generated by invoking an operation such as applySetUseAnalysis on a set of actions.  This invokes the view’s constructor (above). 

2.4.2 SubtypeCompatibilityView

	Metaclass
	SubtypeCompatibilityView

	Description
	A graph specifying which subtyping relationships must be checked for compatibility to ensure the correct use of polymorphic assignment and dynamic dispatch 

	Operation
	allGeneralizations

	Description
	A sequence of all subtyping relationships (generalizations) in no particular order

	Parameter
	():GeneralizationSet

	Operation
	allGeneralizationsDepthFirst

	Description
	A sequence of all subtyping relationships (generalizations) in depth first order

	Parameter
	():GeneralizationSet

	Operation
	allGeneralizationsBreadthFirst

	Description
	A sequence of all subtyping relationships (generalizations) in breadth first order

	Parameter
	():GeneralizationSet

	Operation
	allClassifiers

	Description
	The set of all classifiers appearing in the view in no particular order

	Parameter
	(): ClassifierSet

	Operation
	allClassifiersDepthFirst

	Description
	The set of all classifiers appearing in the view in depth first order

	Parameter
	(): ClassifierSet

	Operation
	allClassifiersBreadthFirst

	Description
	The set of all classifiers appearing in the view in breadth first order

	Parameter
	(): ClassifierSet

	Operation
	addGeneralizations

	Description
	Add all generalizations between the given classifiers to the view

	Parameter
	(classifiers: ClassifierSet)

	CreateObject
	create

	Description
	Create a new subtype compatibility view

	Parameter
	(classifiers: ClassifierSet): DispatchCoverageView


A SubtypeCompatibilityView organizes the results of an analysis of the subtyping relationships upon which a body of software depends.  It is based on the actual use of polymorphic assignment by a given application, and includes only those subtyping relationships that must be LSP compatible in order to ensure the correctness of the software (a subset of the overall inheritance graph).

The view may be constructed incrementally, e.g. as the analysis uncovers the need for compatibility between the declared type of a particular variable and the classes associated with the values assigned to it.  

Where the need for a parent-child relationship recurs during the analysis, it is represented only once in the graph.  The view also takes advantage of the transitive nature of the subtyping relationship to eliminate redundant relationships such as {child: C, parent: A} when a path between the child and parent through an intermediate classifier exists, e.g. {child: C, parent: B} and {child: B, parent: A}.

2.4.3 DispatchCoverageView

	Metaclass
	DispatchCoverageView

	Description
	A mapping from methods to run time classes that represents 100% coverage of dynamic dispatch 

	Operation
	methods

	Description
	All methods called using dynamic dispatch

	Parameter
	(): MethodSet

	Operation
	runTimeClasses

	Description
	The run time classes associated with the calls to a given method

	Parameter
	(method: Method): ClassSet

	Operation
	uncoveredClasses

	Description
	The run time classes not yet marked as covered

	Parameter
	(method: Method): ClassSet

	Operation
	markRunTimeClassAsCovered

	Description
	Mark a given run time call as covered

	Parameter
	(method: Method, runTimeClass: Class)

	CreateObject
	create

	Description
	Create a coverage view for a given set of dispatching calls

	Parameter
	(calls: DispatchingCallSet): DispatchCoverageView


…

… 

2.4.4 CallGraph

	Metaclass
	CallGraph

	Description
	A graph specifying which methods call each other 

	Operation
	recursiveMethods

	Description
	All methods that recursively call the same operation that they implement

	Parameter
	():MethodSet

	Operation
	callTree

	Description
	A subtree of the overall graph representing all non-recursive calls rooted in a particular set of methods

	Parameter
	(MethodSet): CallGraph

	CreateObject
	create

	Description
	Create a new call graph

	Parameter
	(methods: MethodSet): CallGraph


A CallGraph describes which methods in a set of methods call one other.  These calling relationships are represented as a graph, which becomes a tree in the absence of recursion.  

The user may query the graph to obtain a list of recursive methods.  A method is considered to be recursive if it either directly or indirectly calls the same operation that it implements.

The user may also query the graph to obtain subtrees representing the non-recursive calls rooted in a particular method.  A stack depth analysis can use this information to help determine the maximum stack depth required for a particular thread in the absence of recursion.  The information in the call graph can also be used to enforce architectural rules related to layering and partitioning.

The advantage of constructing this graph once (as a view), then executing queries upon it, is that this avoids the redundant computation that would be necessary if we queried individual methods using cflow. 

2.5 Patterns

TBD: Based on [7], discuss the need to extend AOP, patterns as a generalization of aspects, transformation pointcuts as an extension of join pointcuts.

Discuss the parts of a pattern: problem abstraction, solution related queries, and transformations.

Discuss applicability (finding the pattern that best matches a problem) and relationships between patterns (patterns required by other patterns, and conflicts between patterns).

Discuss families of patterns that address the same problem and their representation using generalization/ subclassing.

Discuss variations on the same solution and their representation, again using generalization/ subclassing.

Discuss the ordering of patterns when multiple patterns are applied.

Move AOP definitions that apply to all types of patterns to this level, e.g., Pointcut.

…

2.5.1 Pattern

	Metaclass
	Pattern

	Extends
	Transformation

	Description
	A “design pattern” which can be defined using a combinatioin of AOP, refactoring, software specialization, and general rewriting transformations

	Refs
	[7]

	AssociationEnd
	extends

	Type
	Sequence (Pattern)

	Refs
	extends Type in [2, Aspects, general form]

	AssociationEnd
	implements

	Type
	Sequence (Pattern)

	Refs
	implements TypeList in [2, Aspects, general form]

	AssociationEnd
	dominates

	Type
	Sequence (Pattern)

	Refs
	dominates TypeList in [2, Aspects, general form]

	CompositeEnd
	parameter

	Description
	The pattern parameters.

	Type
	Sequence (Parameter)

	Multiplicity
	*

	CompositeEnd
	problem

	Description
	An abstraction of the problem addressed by the pattern

	Type
	Sequence (PointcutQuery)

	Multiplicity
	1..*

	CompositeEnd
	queries

	Description
	A sequence of queries over the problem related to its solution

	Type
	Sequence (PointcutQuery)

	Multiplicity
	*

	CompositeEnd
	transformations

	Type
	Sequence (Transformation)

	Multiplicity
	*

	Attribute
	isRequired

	Description
	Is the pattern required to generate a complete version of the system?

	Type
	Boolean

	DefaultValue
	false

	Refs
	[4, p. 4, Figure 4]


2.5.1.1 Semantics

All queries (above) must be based on the elements identified in the problem, and on elements accessible from them.

Because a pattern itself is a transformation, patterns may be composed of other patterns, applied in a given order.

…

2.5.2 PointcutQuery

	Metaclass
	PointcutQuery

	Extends
	QueryStatement

	Description
	A collection of model elements that represent transformation points, a generalization of join point from AOP.  A pointcut picks out join points and exposes some of the values in the execution context of those [transformation] points [3, p. 66].

	Refs
	[2, Pointcut definitions]

	Attribute
	isAbstract

	Type
	Boolean

	Refs
	abstract in [2, Pointcut definitions, general form]

	Attribute
	visibility

	Description
	What level of access/visibility is associated with the resulting collection?

	Type
	VisibilityKind

	Refs
	private | package-level | public 

[20, VisbilityKind]
Modifiers in [2, Pointcut definitions, general form]

	CompositeEnd
	parameter

	Description
	Information extracted from the runtime environment when execution passes through a point of the pointcut

	Type
	Sequence (PointcutParameter)

	Refs
	Formals in [2, Pointcut definitions, general form]

[3, p. 26, Pointcut Parameter]


2.5.2.1 Semantics

A pointcut is a set of model elements used to abstract a problem or to define transformation points related to its solution. As a result, a PointcutQuery is a type of QueryStatement.

Like pointcuts in AspectJ, a PointcutQuery may have parameters representing values taken from the runtime environment.

As sets of model elements, Pointcuts may also be composed using set operations (such as intersection, difference, union, and not).

	AspectJ
	XPSL

	&&
	intersection

	||
	union

	!
	not


Note: An abstract pointcut corresponds to a PointcutQuery that defines a name for the resulting collection, but does not fully specify the members of this collection.

Note: Visibility can be defined individually for each pointcut appearing in a nested pointcut definition.  Issue: Should there be restrictions on the visibility of nested pointcuts based on the visibility of enclosing pointcut definitions. Analogy = variables appearing in nested states.  Related to pre/post.

2.5.2.2 Subtypes

2.5.2.2.1 IteratePointcut

	Metaclass
	IteratePointcut

	Extends
	IterateStatement (name), PointcutQuery

	Description
	A pointcut representing an iteration over the model elements of a given collection


2.5.2.2.2 SelectPointcut

	Metaclass
	SelectPointcut

	Extends
	SelectStatment (name), PointcutQuery

	Description
	A pointcut representing a selection of model elements from a given collection


2.5.2.2.3 SelectAllPointcut

	Metaclass
	SelectAllPointcut

	Extends
	SelectStatment (name), PointcutQuery

	Description
	A pointcut representing a selection of model elements from a given collection and recursively from the components of these elements


2.5.2.2.4 SelectMaxPointcut

	Metaclass
	SelectAllPointcut

	Extends
	SelectStatment (name), PointcutQuery

	Description
	A pointcut representing the selection of a single model element from a collection based on the value of a numeric expression


2.5.2.2.5 CollectPointcut

	Metaclass
	CollectPointcut

	Extends
	CollectStatement (name), PointcutQuery

	Description
	A pointcut representing a collection of model elements related by a mapping expression to those in a given collection


2.5.2.3 Related types

2.5.2.3.1 PointcutParameter

	Metaclass
	PointcutParameter

	Extends
	Parameter

	Description
	A parameter representing information extracted from the runtime environment when execution passes through a point of the pointcut

	Refs
	


2.5.2.4 Language mappings

The name of the PointcutQuery corresponds to the Id associated with a pointcut in AspectJ [2, Pointcut definitions, general form].

…

RewritingRule

Rewriting rules can be used as a foundation for the implementation of patterns.  A rewriting rule consists of two parts: an expression that matches one or model elements (head), and a series of transformations on these model elements that produces a result (body) that replaces each matched element.  The head is equivalent to a pointcut definition.  The body is equivalent to the set of transformations associated with the pointcut in a pattern definition.  


Figure 1.  Rewriting rule

	Metaclass
	RewritingRule

	Extends
	ModelElement

	Description
	A rule whose head matches one or more model elements, each of which is transformed by its body

	CompositeEnd
	head

	Description
	An expression that describes the model elements matched by the rule

	Type
	PointcutQuery

	CompositeEnd
	body

	Description
	A series of transformations applied to the elements matched by the rule

	Type
	Sequence (Transformation)


Any pattern definition can be translated into a set of rewriting rules by pairing every transformation with its associated pointcut, creating a corresponding rule definition.

2.5.2.5 Semantics

… 

2.5.2.6 Language mappings

…

2.6 Refactoring

A refactoring is a type of pattern in which the transformation is semantics preserving.  Small scale refactorings are often used to reorganize portions of a design or code before making other larger scale changes (which are not semantics preserving).  A refactoring, however, need not be either small scale or simple.
Figure 2.  Refactoring

2.6.1 Refactoring

	Metaclass
	Refactoring

	Extends
	Pattern

	Description
	A pattern whose transformations are purely structural (semantics preserving)

	Inv
	-- The net effect of the transformations is semantics preserving

	Refs
	[11]


2.6.1.1 Semantics

… 

2.6.1.2 Language mappings

…

2.7 Aspects

In UML, … discuss the three figures from the perspective of AspectJ and the UML meta model.  

An aspect in AspectJ is represented in XSPL as a subtype of pattern.  Pointcuts appear in the problem and query sections. Advice and introductions to be woven into base elements are defined by associated transformatioms.  Methods and variables associated with instances of the aspect are also defined in the transformation section.

To illustrate this, consider the aspect FaultHandler defined by the AspectJ Programming Guide [3] on page 19.  The pointcut definition represents the problem section of the pattern in the XPSL model:
aspect FaultHandler {

pointcut services (Server s): target(s) && call(public * * (..));

}

The remaining lines represent the transformations required to implement the desired fault handling strategy:

private boolean Server.disabled = false;

before (Server s): services(s) {

if (s.disabled) throw new DisabledException();

}

after (Server s) throwing (FaultException e): services(s) {

s.disabled = true;

reportFault();

}

private void reportFault () {

System.out.println (“Failure! Please fix it.”);

}

public static void fixServer (Server s) {

s.disabled = false;

}

TBD: Insert corresponding XPSL definitions.

The field introduction, the pointcut definition and the two pieces of advice are all CrosscuttingElements associated with this pattern.

Crosscutting relationships are constructed by a weaver based on the application of a CrosscuttingInterface to one or more base elements.  When a given aspect is not woven, no corresponding crosscutting relationships exist, although defintions of the Aspect and its CrosscuttingInterfaces still do.


Figure 3.  Backbone

Figure 4. Crosscutting Relationship

2.7.1 BaseElement

	Metaclass
	BaseElement

	Extends
	ModelElement

	Description
	An element that may be crosscut.

	Refs
	[4, p. 2, section 2.1], [4, p. 2, Figure 1], [4, p. 3, Figure 3] , [2], [3]


2.7.1.1 Semantics

… 

2.7.1.2 Language mappings

…

2.7.2 CrossCuttingElement

	Metaclass
	CrosscuttingElement

	Extends
	Transformation

	Description
	An element that cross cuts (is woven into) another in a prescribed way

	Refs
	[4, p. 5, section 2.2], [4, p. 2, Figure 1], [4, p. 3, Figure 2]


2.7.2.1 Semantics

… 

2.7.2.2 Language mappings

…

2.7.3 Aspect

	Metaclass
	Aspect

	Extends
	Pattern, Classifier

	Description
	An pattern that applies a series of cross cutting transformations to a set of classes.

	Refs
	[4, p. 5, section 2.4], [4, p. 2, Figure 1], [4, p. 3, Figure 2], [2, Aspects]

	CompositeEnd
	feature

	Type
	Sequence (Feature)

	Refs
	Body in [2, Aspects, general form]

	Attribute
	associationKind

	Description
	The type of association between instances and elements of the aspect association pointcut

	Type
	AspectAssociationKind

	DefaultValue
	singleton

	Refs
	Modifiers in [2, Aspects, general form]

[3, p. 65, Aspect Associations]

	AssociationEnd
	aspectAssociationPointcut

	Description
	The elements (if any) with which instances of the aspects are associated

	Type
	Boolean

	Multiplicity
	*

	Refs
	[3, p. 65, Aspect Associations]

	Attribute
	isPriviledged

	Description
	Does the aspect have priviledged access to the classifiers with which it is woven?

	Type
	Boolean

	Refs
	priviledged in [2, Aspects, general form]


2.7.3.1 Semantics

… 

2.7.3.2 Related types

2.7.3.2.1 AspectAssociationKind

	Metaclass
	AspectAssociationKind

	Extends
	Enumeration

	Description
	An enumeration that specifies the relationship between instances of the aspect and instances of the crosscut element 

	Refs
	[3, p. 65, Aspect Associations]

	EnumerationLiteral
	singleton

	Description
	A single instance of the aspect is associated with all join points

	EnumerationLiteral
	perThis

	Description
	An instance of the aspect is associated with each object that is the currently executing object at any join point in aspectAssociationPointcut

	EnumerationLiteral
	perTarget

	Description
	An instance of the aspect is associated with each object that is the target object at any join point in aspectAssociationPointcut

	EnumerationLiteral
	perCflow

	Description
	An instance of the aspect is defined for each entrance to the control flow of join points in aspectAssociationPointcut

	EnumerationLiteral
	perCflowBelow

	Description
	An instance of the aspect is defined for each entrance to the control flow below the join points in aspectAssociationPointcut


2.7.3.3 Language mappings

The name of the aspect corresponds to Id in [2, Aspects, general form].

2.7.4 CrosscuttingFeature

	Metaclass
	CrosscuttingFeature

	Extends
	CrossCuttingElement

	Description
	A feature woven into a base element.

	Refs
	[4, p. 5, section 2.6], [4, p. 2, Figure 1], [4, p. 3, Figure 2]

	Attribute
	where

	Type
	CrosscuttingKind

	Refs
	before | after | around [4, p. 5, section 2.6]

	Attribute
	extension

	Type
	FeatureExtensionKind

	Refs
	add | refine | override [4, p. 5, section 2.6]


2.7.4.1 Semantics

… 

2.7.4.2 Related types

2.7.4.2.1 FeatureExtensionKind

	Metaclass
	FeatureExtensionKind

	Extends
	Enumeration

	Description
	An enumeration that specifies the manner in which a crosscutting feature extends the features to which it is applied 

	Refs
	add | refine | override [4, p. 5, section 2.6]

	EnumerationLiteral
	add

	Description
	The crosscutting feature adds its behavior to the features to which it applies

	EnumerationLiteral
	refine

	Description
	The behavior of the crosscutting feature refines that of the features to which it applies

	EnumerationLiteral
	override

	Description
	The behavior of the crosscutting feature overrides that of the features to which it applies


2.7.4.3 Language mappings

…

2.7.5 JoinPointcut

	Metaclass
	JoinPointcut

	Extends
	PointcutQuery

	Description
	A collection of model elements that represent AOP join points.

	Refs
	[4, p.4, section 2.5, “a crosscutting interface models interface-level, static join points …”]

[2, Pointcut definitions]

[24, fig. 3]


2.7.5.1 Semantics

… 

2.7.6 JoinPoint

	Metaclass
	JoinPoint

	Extends
	ModelElement

	Description
	A well-defined point in the execution of a program [3, p. 66].

	Refs
	[3, pp. 5-6], [3, pp. 21-22], [3, pp. 66-67]

	Operation
	staticPart

	Parameter
	(): JoinPointStaticPart

	Refs
	[3, p. 31, getStaticPart()]

	Operation
	arguments

	Parameter
	(): Sequence (PointcutParameter)

	Refs
	[3, p. 31, getArgs()]

	Operation
	toString

	Parameter
	(): String

	Refs
	[3, p. 31, toString()]


2.7.6.1 Semantics

… 

2.7.6.2 Language mappings

…

2.7.7 JoinPointStaticPart

	Metaclass
	JoinPointStaticPart

	Description
	The static definition of a join point

	Refs
	[3, p. 31, getStaticPart()]

	Operation
	kind

	Parameter
	TBD

	Refs
	[3, p. 31, getKind()]

	Operation
	signature

	Parameter
	TBD

	Refs
	[3, p. 31, getSignature()]

	Operation
	sourceLocation

	Parameter
	TBD

	Refs
	[3, p. 31, getSourceLocation()]


2.7.7.1 Semantics

… 

2.7.7.2 Language mappings

…

2.7.8 SignatureExpression

	Metaclass
	SignatureExpression

	Extends
	MetaExpression

	Description
	An expression (pattern), with wildcards, that matches operation and method signatures.

	Refs
	[3, p. 73, Signatures]

	Operation
	matches

	Description
	Does one signature match another?

	Parameter
	(other: SignatureExpression): Boolean


2.7.8.1 Semantics

… 

2.7.8.2 Related types 

2.7.8.2.1 FieldExpression

	Metaclass
	FieldExpression

	Extends
	SignatureExpression

	Description
	An expression (pattern), with wildcards, that matches the signatures of fields (attributes, composite ends, and association ends)

	Refs
	[3, p. 73, Signatures]

	Attribute
	definingType

	Description
	The type that defines the attribute [3, p. 74]

	Type
	TypeExpression

	Refs
	TypePat of TypePat.IdPat in in [2, Primitive Pointcuts, general form, FieldPat, [ModifiersPat] TypePat [TypePat . ] IdPat]

	Attribute
	name

	Description
	The simple name of the attribute [3, p. 74]

	Type
	NameExpression

	Refs
	IdPat in in [2, Primitive Pointcuts, general form, FieldPat, [ModifiersPat] TypePat [TypePat . ] IdPat]

	Attribute
	type

	Description
	The declared type of the attribute

	Type
	TypeExpression

	Refs
	TypePat in in [2, Primitive Pointcuts, general form, FieldPat, [ModifiersPat] TypePat [TypePat . ] IdPat]

	Attribute
	ownerScope

	Description
	Is the operation/method owned by the class or by instances of the class?

	Type
	ScopeExpression

	Refs
	[20, ScopeKind]

ModifiersPat in [2, Primitive Pointcuts, general form, FieldPat]

	Attribute
	visibility

	Description
	What level of access/visibility is associated with the operation/method?

	Type
	VisibilityExpression

	Refs
	[20, VisibilityKind]

ModifiersPat in [2, Primitive Pointcuts, general form, FieldPat]


2.7.8.2.1.1 Grammar

…

2.7.8.2.2 BehavioralFeatureExpression

	Metaclass
	BehavioralFeatureExpression

	Extends
	SignatureExpression

	Description
	An expression (pattern), with wildcards, that matches operation and method signatures.

	Refs
	[3, p. 73, Signatures]

[20, BehavioralFeature]

[2, Primitive Pointcuts, general form, MethodPat]

	Attribute
	definingType

	Description
	The type that defines the method or constructor [3, p. 74]

	Type
	TypeExpression

	Refs
	TypePat of TypePat.IdPat in [2, Primitive Pointcuts, general form, MethodPat, [ModifiersPat] TypePat [TypePat . ] IdPat ( TypePat, …) [throws ThrowsPat] ]

TypePat of TypePat.new in [2, Primitive Pointcuts, general form, MethodPat, [ModifiersPat] [TypePat . ] new ( TypePat, …) [throws ThrowsPat] ]

	Attribute
	name

	Description
	The simple name of the operation/method [3, p. 74]

	Type
	NameExpression

	Refs
	IdPat in [2, Primitive Pointcuts, general form, MethodPat, [ModifiersPat] TypePat [TypePat . ] IdPat ( TypePat, …) [throws ThrowsPat] ]

‘new’ in [2, Primitive Pointcuts, general form, ConstructorPat]

	Attribute
	parameterTypes

	Description
	The parameter types of a method pattern [3, p. 74] 

	Type
	Sequence (TypeExpression)

	Refs
	(TypePat, …) in in [2, Primitive Pointcuts, general form, MethodPat, [ModifiersPat] TypePat [TypePat . ] IdPat ( TypePat, …) [throws ThrowsPat] ]

	Attribute
	returnType

	Description
	The type returned by the operation/method

	Type
	TypeExpression

	Refs
	TypePat in [2, Primitive Pointcuts, general form, MethodPat, [ModifiersPat] TypePat [TypePat . ] IdPat ( TypePat, …) [throws ThrowsPat] ]

	Attribute
	throws

	Description
	A list of exceptions thrown by the operation/method

	Type
	Sequence (ExceptionTypeExpression)

	Refs
	ThrowsPat in [2, Primitive Pointcuts, general form, MethodPat] and [2, Primitive Pointcuts, general form, ConstructorPat]

	Attribute
	ownerScope

	Description
	Is the operation/method owned by the class or by instances of the class?

	Type
	ScopeExpression

	Refs
	[20, ScopeKind]

ModifiersPat in [2, Primitive Pointcuts, general form, MethodPat] and [2, Primitive Pointcuts, general form, ConstructorPat]

	Attribute
	visibility

	Description
	What level of access/visibility is associated with the operation/method?

	Type
	VisibilityExpression

	Refs
	[20, VisibilityKind]

ModifiersPat in [2, Primitive Pointcuts, general form, MethodPat] and [2, Primitive Pointcuts, general form, ConstructorPat]


2.7.8.2.2.1 Grammar

…

2.7.8.2.3 ExceptionTypeExpression

	Metaclass
	ExceptionTypeExpression

	Extends
	SignatureExpression

	Description
	An expression (pattern), with wildcards, that matches exception signatures.

	Refs
	[3, p. 73, Signatures]

ThrowsPat in [2, Primitive Pointcuts, general form, MethodPat] and [2, Primitive Pointcuts, general form, ConstructorPat]


2.7.8.2.3.1 Grammar

…

2.7.8.2.4 ScopeExpression

	Metaclass
	ExceptionTypeExpression

	Extends
	SignatureExpression

	Description
	An expression (pattern), with wildcards, that matches scope property of features.

	Refs
	[3, p. 73, Signatures]

[20, ScopeKind]

ModifiersPat in [2, Primitive Pointcuts, general form, MethodPat] and [2, Primitive Pointcuts, general form, ConstructorPat]


2.7.8.2.4.1 Grammar

…

2.7.8.2.5 VisibilityExpression

	Metaclass
	VisibilityExpression

	Extends
	SignatureExpression

	Description
	An expression (pattern), with wildcards, that matches the visibility property of features.

	Refs
	[3, p. 73, Signatures]

[20, VisibilityKind]

ModifiersPat in [2, Primitive Pointcuts, general form, MethodPat] and [2, Primitive Pointcuts, general form, ConstructorPat]


2.7.8.2.5.1 Grammar

…

2.7.8.2.6 OperationExpression

	Metaclass
	OperationExpression

	Extends
	BehavioralFeatureExpression

	Description
	An expression (pattern), with wildcards, that matches operation signatures.

	Refs
	[3, p. 73, Signatures]

[20, Operation]

[2, Primitive Pointcuts, general form, MethodPat]


2.7.8.2.6.1 Grammar

…

2.7.8.2.7 MethodExpression

	Metaclass
	MethodExpression

	Extends
	BehavioralFeatureExpression

	Description
	An expression (pattern), with wildcards, that matches method signatures.

	Refs
	[3, p. 73, Signatures]

[20, Method]

[2, Primitive Pointcuts, general form, MethodPat]


2.7.8.2.7.1 Grammar

…

2.7.8.2.8 ConstructorExpression

	Metaclass
	ConstructorExpression

	Extends
	SignatureExpression

	Description
	An expression (pattern), with wildcards, that matches one or more constructors

	Refs
	[3, p. 73, Signatures]


2.7.8.2.8.1 Grammar

…

2.7.8.2.9 NameExpression

	Metaclass
	NameExpression

	Extends
	SignatureExpression

	Description
	An expression (pattern), with wildcards, that matches one or more names

	Refs
	[3, p. 73, Signatures]


2.7.8.2.9.1 Grammar

…

2.7.8.2.10 TypeExpression

	Metaclass
	TypeExpression

	Extends
	SignatureExpression

	Description
	An expression (pattern), with wildcards, that matches one or more types

	Refs
	[3, p. 73, Signatures]


2.7.8.2.10.1 Grammar

…

2.7.8.3 Language mappings

…

2.7.9 InvocationPointcut

	Metaclass
	InvocationPointcut

	Extends
	SelectPointcut

	Description
	A set of join points related to the call or execution of all constructors or methods with a specified signature.

	Refs
	[4], [2], [3, p. 67, Pointcuts (with an argument of Signature)]

	CompositeEnd
	signature

	Type
	OperationExpression

	Refs
	[2, Primitive Pointcuts, MethodPat], [3, p. 73, Signatures]

	AssociationEnd
	elementType

	Description
	Look only for call operations

	Value
	CallOperation

	CompositeEnd
	constraint

	Description
	Select all calls to operations whose signature matches the given signature

	Value
	operation().signature().matches (signature)


Where operation().signature () represents the signature of the operation called by the CallOperation action taken from the collection, and signature refers to the value of the attribute that it must match.

2.7.9.1 Semantics

An InvocationPointcut is concerned only with elements that represent calls to operations with a given signature.  The user specifies the collection to search and the signature to match.

2.7.9.2 Language mappings

…

2.7.10 DispatchingCallPointcut

	Metaclass
	DsipatchingCallPointcut

	Extends
	InvocationPointcut

	Description
	A set of join points representing method calls (in Java, all method calls other than calls involving super).

	Refs
	[4], [2, Primitive Pointcuts, general form, call (MethodPat)], [3, p. 67, method call join point], [3, p. 67, call (Signature)], [3, p. 70, Method-related pointcuts]

	CompositeEnd
	constraint

	Description
	Select all calls, other than NondispatchingCall’s, whose signature matches the given signature

	Value
	not (isSutbytpe(NondispatchingCall)) and

operation().signature().matches(signature)


2.7.10.1 Semantics

… 

2.7.10.2 Language mappings

…

2.7.11 ConstructorCallPointcut

	Metaclass
	ConstructorCallPointcut

	Extends
	InvocationPointcut

	Description
	A set of join points representing external constructor calls (in Java, all constructor calls that do not involve this or super).

	Refs
	[4], [2, Primitive Pointcuts, general form, call (ConstructorPat)], [3, p. 67, constructor call join point], [3, p. 67, call (Signature)], [3, p. 70, Object creation-related pointcuts]

	AssociationEnd
	elementType

	Description
	Look only for InitializeObject actions

	Value
	InitializeObject

	CompositeEnd
	constraint

	Description
	Select all InitializeObject actions that belong to an external class and represent calls to constructors whose signature matches the given signature

	Value
	not (target.type.isSubtypeOf(self.definingClass())) and

operation().signature().matches(signature)


2.7.11.1 Semantics

… 

2.7.11.2 Language mappings

…

2.7.12 MethodExecutionPointcut

	Metaclass
	MethodExecutionPointcut

	Extends
	InvocationPointcut

	Description
	A set of join points representing method executions.

	Refs
	[4], [2, Primitive Pointcuts, general form, execution (MethodPat)], [3, p. 67, method execution join point], [3, p. 67, execution (Signature)], [3, p. 70, Method-related pointcuts]

	AssociationEnd
	elementType

	Description
	Look only for blocks

	Value
	Block

	CompositeEnd
	constraint

	Description
	Select all blocks representing the bodies of methods that implement operations with the given signature

	Value
	Method.allInstances()((exists m: Method | (m.body = self) and

m.specification.signature().matches (signature))


2.7.12.1 Semantics

… 

2.7.12.2 Language mappings

…

2.7.13 ConstructorExecutionPointcut

	Metaclass
	ConstructorExecutionPointcut

	Extends
	InvocationPointcut

	Description
	A set of join points representing constructor executions.

	Refs
	[4], [2 Primitive Pointcuts, general form, execution (ConstructorPat)], [3, p. 67, constructor execution join point], [3, p. 67, execution (Signature)], [3, p. 70, Object creation-related pointcuts]

	AssociationEnd
	elementType

	Description
	Look only for blocks

	Value
	Block

	CompositeEnd
	constraint

	Description
	Select all blocks representing the bodies of methods that implement InitializeObject actions with the given signature

	Value
	Method.allInstances()((exists m: Method | (m.body = self) and

m.specification.isSubtypeOf(InitializeObject) and

m.specification.signature().matches (signature))


2.7.13.1 Semantics

… 

2.7.13.2 Language mappings

…

2.7.14 InitializerExecutionPointcut

	Metaclass
	InitializerExecutionPointcut

	Extends
	SelectPointcut

	Description
	A set of join points representing the executions of non-static class initializers.

	Refs
	[4], [2, initialization (ConstructorPat)], [3, p. 67, initializer execution join point], [3, p. 67, initialization (Signature)], [3, p. 70, Object creation-related pointcuts]


2.7.14.1 Semantics

… 

2.7.14.2 Language mappings

…

2.7.15 StaticInitializerExecutionPointcut

	Metaclass
	StaticInitializerExecutionPointcut

	Extends
	SelectPointcut

	Description
	A set of join points representing the executions of static class initializers.

	Refs
	[4], [2, Primitive Pointcuts, general form, staticinitialization (TypePat)], [3, p. 67, static initializer join point], [3, p. 68, staticinitialization (TypeExpression)], [3, p. 70, Class initialization-related pointcuts]

	Attribute
	class

	Type
	TypeExpression

	Refs
	TypePat in [2, Primitive Pointcuts, general form, staticinitialization (TypePat)]


2.7.15.1 Semantics

…

2.7.15.2 Language mappings

…

2.7.16 AttributePointcut

	Metaclass
	AttributePointcut

	Extends
	SelectPointcut

	Description
	A set of join points representing attribute references (gets) or assignments (sets).

	Refs
	[3, p. 70, Field-related pointcuts]

	Attribute
	attribute

	Type
	FieldExpression

	Refs
	FieldPat in [2, Primitive Pointcuts, general form, get (FieldPat)] and [2, Primitive Pointcuts, general form, set (FieldPat)]


2.7.16.1 Semantics

… 

2.7.16.2 Language mappings

…

2.7.17 AttributeReferencePointcut

	Metaclass
	AttributeReferencePointcut

	Extends
	AttributePointcut

	Description
	A set of join points representing attribute references (to attributes not declared to be read-only, i.e. Java final).

	Refs
	[4], [2, Primitive Pointcut, general form, get (FieldPat)], [3, p. 67, field reference join point], [3, p. 68, get (Signature)], [3, p. 70, Field-related pointcuts]

	AssociationEnd
	elementType

	Description
	Look only for ReadAttribute actions

	Value
	ReadVariable

	CompositeEnd
	constraint

	Description
	Select all ReadVariable actions that read from a field with the given signature

	Value
	Field.allInstances()((exists f: Field | (self.variablesRead()(includes(f)) and

f.signature().matches (signature))


2.7.17.1 Semantics

… 

2.7.17.2 Language mappings

…

2.7.18 AttributeAssignmentPointcut

	Metaclass
	AttributeAssignmentPointcut

	Extends
	AttributePointcut

	Description
	A set of join points representing attribute assignments.

	Refs
	[4], [2], [3, p. 67, field reference join point], [3, p. 68, set (Signature)], [3, p. 70, Field-related pointcuts]

	AssociationEnd
	elementType

	Description
	Look only for Assign actions

	Value
	Assign

	CompositeEnd
	constraint

	Description
	Select all Assign actions that write to a field with the given signature

	Value
	Field.allInstances()((exists f: Field | (self.variablesAssigned()(includes(f)) and

f.signature().matches (signature))


2.7.18.1 Semantics

… 

2.7.18.2 Language mappings

…

2.7.19 HandlerExecutionPointcut

	Metaclass
	HandlerExecutionPointcut

	Extends
	SelectPointcut

	Description
	A set of join points representing executions of exception handlers.

	Refs
	[4], [2], [3, p. 67, handler execution join point], [3, p. 68, handler (TypeExpression)], [3, p. 70, Exception handler execution-related pointcuts]

	Attribute
	typeExpression

	Description
	The types of exceptions handled

	Type
	TypeExpression

	Refs
	TypePat in [2, Primitive Pointcuts, general form, handler (TypePat)]

	AssociationEnd
	elementType

	Description
	Look only for CatchClauses

	Value
	CatchClause

	CompositeEnd
	constraint

	Description
	Select all CatchClauses whose parameter type matches the type expression

	Value
	typeExpression.matches(parameter.type)


2.7.19.1 Semantics

… 

2.7.19.2 Language mappings

…

2.7.20 FlowPointcut

	Metaclass
	FlowPointcut

	Extends
	CollectPointcut

	Description
	A set representing all join points within the control or data flow of a given pointcut.

	Refs
	[3, p. 72, control-flow based pointcuts]

	AssociationEnd
	from

	Refs
	Pointcut in [2, cflow (Pointcut)] and [2, cflowbelow (Pointcut)]


2.7.20.1 Semantics

… 

2.7.20.2 Language mappings

…

2.7.21 ControlFlowPointcut

	Metaclass
	ControlFlowPointcut

	Extends
	FlowPointcut

	Description
	A set representing all join points within the control flow of a given pointcut including the pointcut’s own join points.

	Refs
	[4], [2, Primitive Pointcuts, general form, cflow (Pointcut)], [3, p. 68, cflow (Pointcut)], [3, p. 72, control-flow based pointcuts]

	CompositeEnd
	expression

	Description
	Collect the cflows of each element

	Value
	cflow ()


2.7.21.1 Semantics

… 

2.7.21.2 Language mappings

…

2.7.22 ControlFlowBelowPointcut

	Metaclass
	ControlFlowBelowPointcut

	Extends
	FlowPointcut

	Description
	A set representing all join points within the control flow of a given pointcut excluding the pointcut’s own join points.

	Refs
	[4], [2, Primitive Pointcuts, general form, cflow (Pointcut)], [3, p. 68, cflowbelow (Pointcut)], [3, p. 72, control flow-based pointcuts]

	CompositeEnd
	expression

	Description
	Collect the cflows below each element

	Value
	cflowbelow ()


2.7.22.1 Semantics

… 

2.7.22.2 Language mappings

…

2.7.23 VariableReferencesPointcut

	Metaclass
	VariableReferencesPointcut

	Extends
	FlowPointcut

	Description
	A set including all actions that either directly read or directly assign values to the variables in a given pointcut

	CompositeEnd
	expression

	Description
	Collect the actions that directly read or directly assign values to one or more of the variables in the pointcut

	Value
	references ()


2.7.23.1 Semantics

… 

2.7.23.2 Language mappings

…

2.7.24 VariableAssignsPointcut

	Metaclass
	VariableAssignsPointcut

	Extends
	FlowPointcut

	Description
	A set including all actions that directly assign values to variables in a given pointuct

	CompositeEnd
	expression

	Description
	Collect the actions that directly assign to one or more of the variables in the pointcut

	Value
	assigns ()


2.7.24.1 Semantics

… 

2.7.24.2 Language mappings

…

2.7.25 VariableReadsPointcut

	Metaclass
	VariableReadsPointcut

	Extends
	FlowPointcut

	Description
	A set including all actions that directly read the variables in a given pointcut

	CompositeEnd
	expression

	Description
	Collect the actions that directly read from one or more of the variables in the pointcut

	Value
	reads ()


2.7.25.1 Semantics

… 

2.7.25.2 Language mappings

…

2.7.26 GuardedPointcut

	Metaclass
	GuardedPointcut

	Extends
	SelectPointcut

	Description
	A set representing all join points where a given property (e.g. of thisJoinPoint) is true.

	Refs
	[4], [2, Primitive Pointcuts, general form, if (Expression)], [3, p. 68, if (BooleanExpression)], [3, p. 73, dynamic property-based pointcuts]


A select pointcut where the constraint references one or more run time values.

2.7.26.1 Semantics

… 

2.7.26.2 Language mappings

…

2.7.27 RuntimeTypePointcut

	Metaclass
	RuntimeTypePointcut

	Extends
	SelectPointcut

	Description
	A set of join points in which the current object (this) is an instance of a specified type. 

Often used to subset another pointcut, e.g. ‘SomePointcut && this (Point)’.

	Refs
	[4], [2, Primitive Pointcuts, general form, this (TypePat | Var)], [3, p. 68, this (TypeExpression or Id)], [3, p. 70, State-based pointcuts]

	Attribute
	type

	Type
	TypeExpression

	Refs
	TypePat in [2, Primitive Pointcuts, general form, this (TypePat)] 

Or the run time type associated with Var in [2, Primitive Pointcuts, general form, this (Var)]

	CompositeEnd
	constraint

	Description
	

	Value
	


2.7.27.1 Semantics

… 

2.7.27.2 Language mappings

…

2.7.28 TargetTypePointcut

	Metaclass
	TargetTypePointcut

	Extends
	CollectPointcut

	Description
	A set of join points in which the target object (the object on which a method is called or a field is accessed) is an instance of a specified type.  

Often used to subset another pointcut, e.g. ‘SomePointcut && target (Point)’.

	Refs
	[4], [2, Primitive Pointcuts, general form, target (TypePat | Var)], [3, p. 68, target (TypePattern or Id)], [3, p. 70, State-based pointcuts]

	Attribute
	type

	Type
	TypeExpression

	Refs
	TypePat in [2, Primitive Pointcuts, general form, this (TypePat)] 

Or the type associated with Var in [2, Primitive Pointcuts, general form, this (Var)]


2.7.28.1 Semantics

… 

2.7.28.2 Language mappings

…

2.7.29 ArgumentPointcut

	Metaclass
	ArgumentPointcut

	Extends
	CollectPointcut

	Description
	A set of join points in which the arguments are instances of specified types or variables. 

Often used to subset another pointcut, e.g. ‘pointcut publicCall (int i) : call (public * * (int))  && args (i);’ [3, p. 69, Pointcut naming].

	Refs
	[4], [2, Primitive Pointcuts, general form, args (TypePat | Var, …)], [3, p. 68, args (TypePattern or Id) or “..”, …], [3, p. 70, State-based pointcuts]

	Attribute
	type

	Type
	TypeExpression

	Refs
	TypePat in [2, Primitive Pointcuts, general form, args (TypePat | Var, …)] 

Or the type associated with Var in [2, Primitive Pointcuts, general form, args (TypePat | Var, …)]


2.7.29.1 Semantics

… 

2.7.29.2 Language mappings

…

2.7.30 TypeDefinitionPointcut

	Metaclass
	TypeDefinitionPointcut

	Extends
	SelectPointcut

	Description
	A set representing all join points within the code is defined by a specified type or types.

	Refs
	[4], [2], [3, p. 68, within (TypePattern)], [3, p. 72, program text-based pointcuts]


2.7.30.1 Semantics

… 

2.7.30.2 Language mappings

…

2.7.31 MethodDefinitionPointcut

	Metaclass
	MethodDefinitionPointcut

	Extends
	SelectPointcut

	Description
	A set representing all join points within the code defined by a specified method or methods.

	Refs
	[4], [2], [3, p. 68, withincode (Signature)], [3, p. 72, program text-based pointcuts]


2.7.31.1 Semantics

… 

2.7.31.2 Language mappings

…

2.7.32 LogicalPointcut

	Metaclass
	LogicalPointcut

	Extends
	SelectPointcut

	Description
	TBD.


2.7.32.1 Semantics

… 

2.7.32.2 Language mappings

…

2.7.33 StateEntryPointcut

	Metaclass
	StateEntryPointcut

	Extends
	LogicalPointcut

	Description
	TBD.


2.7.33.1 Semantics

… 

2.7.33.2 Language mappings

…

2.7.34 StateExitPointcut

	Metaclass
	StateExitPointcut

	Extends
	SelectPointcut

	Description
	TBD.


2.7.34.1 Semantics

… 

2.7.34.2 Language mappings

…

2.7.35 Advice

	Metaclass
	Advice

	Extends
	Transformation

	Description
	Code that executes at each join point in a point cut [3, p. 66]

	Refs
	[4, p.5, section 2.5, “a set of aspect operations expected to refine the class methods”], [2, Advice declarations], [3]

	Attribute
	extension

	Type
	ExtensionKind

	Value
	refine | override 

	Refs
	[4, p. 5, section 2.6]

	CompositeEnd
	parameter

	Type
	Sequence (AdviceParameter)

	Multiplicity
	*

	Refs
	Formals in [2, Advice declarations, general form]

	Attribute
	pointcut

	Type
	Pointcut

	Refs
	Pointcut in [2, Advice declarations, general form]

	CompositeEnd
	body

	Type
	Body

	Refs
	Body in [2, Advice declarations, general form]

	Attribute
	language

	Description
	The language in which the body of the advice is written

	Type
	StringValue

	AssociationEnd
	joinPoint

	Type
	Reference to JoinPoint

	Refs
	The join point associated with the advice at the time of its execution [2, Special forms, thisJoinPoint], [3, p. 31, Reflection, thisJoinPoint]

	AssociationEnd
	joinPointStaticPart

	Type
	Reference to JoinPointStaticPart

	Refs
	[2, Special forms, thisJoinPointStaticPart], [3, p. 31, Reflection, thisJoinPointStaticPart]

	AssociationEnd
	enclosingJoinPointStaticPoint

	Type
	Reference to JoinPointStaticPart

	Refs
	[2, Special forms, thisEnclosingJoinPointStaticPart], [3, p. 31, Reflection, thisEnclosingJoinPoint StaticPart]


2.7.35.1 Semantics

… 

2.7.35.2 Related types

2.7.35.2.1 AdviceParameter

	Metaclass
	AdviceParameter

	Extends
	Parameter

	Description
	

	Refs
	


2.7.35.3 Language mappings

…

2.7.36 BeforeAdvice

	Metaclass
	BeforeAdvice

	Extends
	Advice

	Description
	Code that runs when a join point is reached and before the computation proceeds [3, p. 7].

	Refs
	[2, before(Formals):Pointcut {Body}], [3, pp. 7, 21]

	Attribute
	where

	Value
	before 

	Refs
	[4, p. 5, section 2.6]

	Attribute
	extension

	Value
	refine 

	Refs
	[4, p. 5, section 2.6]


2.7.36.1 Semantics

… 

2.7.36.2 Language mappings

…

2.7.37 AfterAdvice

	Metaclass
	AfterAdvice

	Extends
	Advice

	Description
	Code that runs after the code ‘under the join point’ finishes, irrespective of how it returns [3, p. 7].

	Refs
	[2, after(Formals) : Pointcut {Body}], [3, pp. 7, 21]

	Attribute
	where

	Value
	after

	Refs
	[4, p. 5, section 2.6]

	Attribute
	extension

	Value
	refine 

	Refs
	[4, p. 5, section 2.6]


2.7.37.1 Semantics

… 

2.7.37.2 Language mappings

…

2.7.38 AfterReturningAdvice

	Metaclass
	AfterReturningAdvice

	Extends
	AfterAdvice

	Description
	Code that runs after the code ‘under the join point’ returns normally.

	Refs
	[2, after(Formals) returning : Pointcut {Body}]

[2, after(Formals) returning (Formal) : Pointcut {Body}]


2.7.38.1 Semantics

… 

2.7.38.2 Language mappings

…

2.7.39 AfterThrowingAdvice

	Metaclass
	AfterThrowingAdvice

	Extends
	AfterAdvice

	Description
	Code that runs after the code ‘under the join point’ returns by throwing an exception.

	Refs
	[2, after(Formals) throwing : Pointcut {Body}]

[2, after(Formals) throwing (Formal) : Pointcut {Body}]


2.7.39.1 Semantics

… 

2.7.39.2 Language mappings

…

2.7.40 AroundAdvice

	Metaclass
	AroundAdvice

	Extends
	Advice

	Description
	Code that in place of the code ‘under the join point’ [3, p. 7].

	Refs
	[2, Type around(Formals) : Pointcut {Body}]

[2, Type around(Formals) throws TypeList : Pointcut {Body}] 

[3, pp. 7, 21]

	Attribute
	where

	Value
	around

	Refs
	[4, p. 5, section 2.6]

	Attribute
	extension

	Value
	override

	Refs
	[4, p. 5, section 2.6]


2.7.40.1 Semantics

… 

2.7.40.2 Language mappings

…

2.7.41 CrosscuttingAnnotation

	Metaclass
	CrosscuttingAnnotation

	Extends
	CrosscuttingFeature

	Description
	A comment annotation inserted at each join point in a point cut.

	Refs
	[2, before(Formals):Pointcut {Body}], [3, pp. 7, 21]

	Attribute
	extension

	Value
	refine | add

	Refs
	[4, p. 5, section 2.6]


2.7.41.1 Semantics

… 

2.7.41.2 Language mappings

…

2.7.42 Introduction

	Metaclass
	Introduction

	Extends
	CrosscuttingFeature

	Description
	A new elements (attribute, operation, subtype relationship) to be introduced/woven into the definition of a base element

	Refs
	[4, p. 5, section 2.5, “ a set of attributes and operations that the aspect introduces in the base classes”], [2, Inter-type Member Declarations], [2, Other Inter-type Declarations]


2.7.42.1 Semantics

… 

2.7.42.2 Language mappings

…

2.7.43 DeclareParentClasses

	Metaclass
	DeclareParentClasses

	Extends
	Introduction

	Description
	Adds one or more superclasses to the class hierarchy, making them the parents a given subclass or set of subclasses

	Refs
	[2, Other Inter-type Declarations, declare parents : TypePat extends Type;]

	Attribute
	subclass

	Type
	TypeExpression

	Refs
	[2, Other Inter-type Declarations, declare parents : TypePat extends Type;]

	AssociationEnd
	parents

	Type
	Sequence (Reference to Type)

	Refs
	[2, Other Inter-type Declarations, declare parents : TypePat extends Type;]


Note: To accommodate languages that (unlike Java) support multiple implementation inheritance, we allow superclass to be a Type sequence rather than a Type. 
2.7.43.1 Semantics

… 

2.7.43.2 Language mappings

…

2.7.44 DeclareParentInterfaces

	Metaclass
	DeclareParentInterfaces

	Extends
	Introduction

	Description
	Adds one or more superinterfaces to the class hierarchy, making them the parents of a given subclass or set of subclasses

	Refs
	[2, Other Inter-type Declarations, declare parents : TypePat implements TypeList;]

	Attribute
	subclass

	Type
	TypeExpression

	Refs
	[2, Other Inter-type Declarations, declare parents : TypePat implements TypeList;]

	AssociationEnd
	parents

	Type
	Sequence (Reference to Type)

	Refs
	[2, Other Inter-type Declarations, declare parents : TypePat implements TypeList;]


2.7.44.1 Semantics

… 

2.7.44.2 Language mappings

…

2.7.45 DeclareField

	Metaclass
	DeclareField

	Extends
	Introduction

	Description
	Adds a field to all types matching a given pattern.

	Refs
	[2, Inter-type Member Declarations, general form, [Modifiers] Type TypePat . Id [= Expression]; ]

	Attribute
	definingTypes

	Description
	The type or set of types into which the attribute is introduced

	Type
	TypeExpression

	Refs
	TypePat in [2, Inter-type Member Declarations, general form, [Modifiers] Type TypePat . Id [= Expression]; ]

	Attribute
	name

	Description
	The simple name of the attribute

	Type
	Name

	Refs
	Id in [2, Inter-type Member Declarations, general form, [Modifiers] Type TypePat . Id [= Expression]; ]

	AssociationEnd
	type

	Type
	Reference to Type

	Refs
	Type in [2, Inter-type Member Declarations, general form, [Modifiers] Type TypePat . Id [= Expression]; ]

	Attribute
	ownerScope

	Description
	Is the operation/method owned by the class or by instances of the class?

	Type
	ScopeKind

	Refs
	[20, ScopeKind]

Modifiers in [2, Inter-type Member Declarations, general form, [Modifiers] Type TypePat . Id [= Expression]; ]

	Attribute
	visibility

	Description
	What level of access/visibility is associated with the operation/method?

	Type
	VisibilityKind

	Refs
	private | package-level | public 

[20, VisbilityKind]

Modifiers in [2, Inter-type Member Declarations, general form, [Modifiers] Type TypePat . Id [= Expression]; ]

	Attribute
	initialValue

	Type
	Expression

	Refs
	[20, Attribute, initialValue, Expression]

Expression in [2, Inter-type Member Declarations, general form, [Modifiers] Type TypePat . Id [= Expression]; ]

	Attribute
	language

	Description
	The language in which the initialValue expression is written

	Type
	StringValue


2.7.45.1 Semantics

… 

2.7.45.2 Language mappings

…

2.7.46 DeclareMethod

	Metaclass
	DeclareMethod

	Extends
	Introduction

	Description
	Adds a method to all types matching a given pattern.

	Refs
	[2, Inter-type Member Declarations]

	Attribute
	definingTypes

	Description
	The type or set of types into which the method is introduced

	Type
	TypeExpression

	Refs
	TypePat in [2, Inter-type Member Declarations, general form]

	Attribute
	name

	Description
	The simple name of the method

	Type
	Name

	Refs
	Id in [2, Inter-type Member Declarations, general form]

	Attribute
	parameter

	Type
	Sequence (Parameter)

	Refs
	Formals in [2, Inter-type Member Declarations, general form]

	Attribute
	returnType

	Type
	Reference to Type

	Refs
	Type in [2, Inter-type Member Declarations, general form]

	Attribute
	ownerScope

	Description
	Is the operation/method owned by the class or by instances of the class?

	Type
	ScopeKind

	Refs
	[20, ScopeKind]

Modifiers in [2, Inter-type Member Declarations, general form]

	Attribute
	isAbstract

	Description
	Is the method abstract, i.e. an operation specification with no body?

	Type
	Boolean

	Refs
	abstract in [2, Inter-type Member Declarations, general form]

	Attribute
	visibility

	Description
	What level of access/visibility is associated with the operation/method?

	Type
	VisibilityKind

	Refs
	private | package-level | public 

[20, VisbilityKind]

Modifiers in [2, Inter-type Member Declarations, general form]

	Attribute
	body

	Type
	Body

	Refs
	Body in [2, Inter-type Member Declarations, general form]

	Attribute
	language

	Description
	The language in which the body is written

	Type
	StringValue


2.7.46.1 Semantics

… 

2.7.46.2 Language mappings

…

2.7.47 DeclareWarning

	Metaclass
	DeclareWarning

	Extends
	Advice

	Description
	Generates a compiler warning for all join points that belong to a given pointcut.

	Refs
	[2, Other Inter-type Declarations, declare warning]

	Attribute
	pointcut

	Description
	The points at which the warning should be generated.

	Type
	Pointcut

	Refs
	Pointcut in [2, Other Inter-type Declarations, declare warning]

	Attribute
	hypertext

	Description
	The warning message to be generated

	Type
	HTML

	Refs
	String in [2, Other Inter-type Declarations, declare warning]


2.7.47.1 Semantics

… 

2.7.47.2 Language mappings

…

2.7.48 DeclareError

	Metaclass
	DeclareError

	Extends
	Advice

	Description
	Generates a compiler error for all join points that belong to a given pointcut.

	Refs
	[2, Other Inter-type Declarations, declare error]

	Attribute
	pointcut

	Description
	The points at which the warning should be generated.

	Type
	Pointcut

	Refs
	Pointcut in [2, Other Inter-type Declarations, declare error]

	Attribute
	hypertext

	Description
	The error message to be generated

	Type
	HTML

	Refs
	String in [2, Other Inter-type Declarations, declare error]


2.7.48.1 Semantics

… 

2.7.48.2 Language mappings

…

2.8 Specialization

In UML, …

Figure 5.   Class and static specialization classes

…
Figure 6.   Classes, static specilization classes, and states

…

2.8.1 SpecializedClass

	Metaclass
	SpecializedClass

	Extends
	Class

	Description
	A static or dynamic specialization of a class

	Inv
	No attributes or associations are defined by the specialized class

	Refs
	[runtime] specclass sc_name parent_decl [15, fig. 2, module], [26], [27, p. 5, figure 4, sc_decl]

	Attribute
	name

	Type
	Name

	Refs
	[27, p. 5, fig. 4, sc_name]

	AssociationEnd
	parents

	Description
	The parent classes of the state

	Type
	Sequence (Reference to Class)

	Refs
	[27, p. 5, fig. 4, parents_decl], [15, fig. 2, imports]

	Attribute
	predicates

	Description
	The predicates that hold in the state

	Type
	Sequence (Predicate)

	Refs
	[27, p. 5, fig. 4, pred_decl], [15, fig. 2, global_def, struct_def]

	Attribute
	methods

	Description
	The specialized methods associated with the state

	Type
	Sequence (Method)

	Refs
	[27, p. 5, fig. 4, method_decl], [15, fig. 2, proc_def]


Note: Allow the subtyping of parameter types and the specialization of methods within a class or state.  And the strenghtening of  preconditions, in general. See [15, scenarios].
2.8.1.1 Semantics

… 

2.8.1.2 Language mappings

…

2.8.2 State

	Metaclass
	State

	Extends
	SpecializedClass

	Description
	runtime specclass sc_name parent_decl [15, fig. 2, module], [26], [27, p. 5, figure 4, sc_decl]

	Inv
	At least one predicate associated with the state is ‘unstable’


2.8.2.1 Semantics

… 

2.8.2.2 Language mappings

…

2.8.3 StaticSubclass

	Metaclass
	StaticSubclass

	Extends
	SpecializedClass

	Description
	A dynamic (runtime) specialization of a class

	Inv
	All predicates associated with the static subclass are ‘stable’

	Refs
	specclass sc_name parent_decl [15, fig. 2, module], [26], [27, p. 5, figure 4, sc_decl]


2.8.3.1 Semantics

… 

2.8.3.2 Language mappings

…

2.8.4 Predicate

	Metaclass
	Predicate

	Description
	A compile time or run time predicate used to specialize a class and its methods

	Refs
	[27]

	Attribute
	stage

	Description
	The stage (compile time or run time) at which the predicate can be evaluated.

	Type
	compileTime | runTime | unspecified

	Refs
	binding time [15, 4.1, S | D | U]

	AssociationEnd
	lifetime

	Description
	Can the predicate change its value at runtime? “If its value can never change, the predicate is said to be stable.  If it can be invalidated because of some state changes, it is said to be unstable” [27, p. 4, 2.1, Specialization context]

	Type
	stable | unstable

	Refs
	[27, p. 4, 2.1, Specialization context], [27, p. 4, 2.2, Preserving …]


2.8.4.1 Semantics

… 

2.8.4.2 Language mappings

…

2.8.5 CompileTimePredicate

	Metaclass
	CompileTimePredicate

	Description
	A predicate that can be evaluated at compile time

	Refs
	[27, p. 4, Specialization context]

	Attribute
	stage

	Value
	compileTime


2.8.5.1 Semantics

… 

2.8.5.2 Language mappings

…

2.8.6 RunTimePredicate

	Metaclass
	RunTimePredicate

	Description
	A predicate that can only be evaluated at run time

	Refs
	[27, p. 4, Specialization context]

	Attribute
	stage

	Value
	runTime


2.8.6.1 Semantics

… 

2.8.6.2 Language mappings

…

2.8.7 FixedKnownVariable

	Metaclass
	FixedKnownVariable

	Extends
	CompileTimePredicate

	Description
	The compile time assertion that the value of a given variable is a known constant

	Refs
	[27, p. 5, ‘variable_name == value;’]

	Attribute
	stage

	Value
	compileTime

	AssociationEnd
	variable

	Description
	The variable

	Type
	Reference to Variable

	AssociationEnd
	value

	Description
	The value of the variable, a complle time constant

	Type
	CompileTimeConstant


2.8.7.1 Semantics

… 

2.8.7.2 Language mappings

…

2.8.8 FixedVariable

	Metaclass
	FixedVariable

	Extends
	CompileTimePredicate

	Description
	The compile time assertion that the value of a variable is fixed in a given state

	Refs
	[27, p. 5, ‘variable_name;’], [15, fig. 2, base_bt := S]

	Attribute
	lifetime

	Value
	unstable

	AssociationEnd
	variable

	Description
	The variable

	Type
	Reference to Variable


2.8.8.1 Semantics

… 

2.8.8.2 Language mappings

…

2.8.9 ConstrainedVariable

	Metaclass
	ConstrainedVariable

	Extends
	CompileTimePredicate

	Description
	The compile time assertion that a given variable references a particular subclass or substate of its declared type

	Inv
	The specified subclass or substate must be a descendant of the variable’s declared type

	Refs
	[27, p. 5, ‘sc_name variable_name’]

	AssociationEnd
	variable

	Description
	The variable

	Type
	Reference to Variable

	AssociationEnd
	constraint

	Description
	The subclass or substate associated with the variable

	Type
	Reference to Class | Reference to State


Note: The variable (local variable, method parameter, field, etc.) may be constrained to be of a particular subclass or in a particular substate. 

2.8.9.1 Semantics

… 

2.8.9.2 Language mappings

…

2.8.10 FixedReference

	Metaclass
	FixedReference

	Extends
	CompileTimePredicate

	Description
	The compile time assertion that the value of a pointer is fixed (always references the same object)

	Refs
	[15, fig. 2, ‘bt_info S(*)’]

	AssociationEnd
	variable

	Description
	The variable

	Type
	Reference to PointerVariable


2.8.10.1 Semantics

… 

2.8.10.2 Language mappings

…

2.8.11 StaticReferenceToStaticValue

	Metaclass
	StaticReferenceToStaticValue

	Extends
	CompileTimePredicate

	Description
	The compile time assertion that the value of a pointer is fixed (always references the same object) and that the value of the object is references is fixed (does not change)

	Refs
	[15, fig. 2, ‘S(base_type) S(*)’ | …]

	AssociationEnd
	variable

	Description
	The variable

	Type
	Reference to PointerVariable


2.8.11.1 Semantics

… 

2.8.11.2 Language mappings

…

2.9 XPSL pattern queries and transformations

In addition to queries over the XCIL representation, it is possible for patterns to invoke queries against other patterns.

All of the attributes, components, and associations defined by the XPSL model are accessible via Extensible Pattern Specification Language (XPSL) meta-level queries.  

To access a property p of element e, we invoke a query with the same name by writing “e.p()”.  The result of the query is a value whose type is that of the property.

OCL path expressions [20, section 6.5.1 through 6.5.4] can also be used to access related elements by following the associations between them.

In addition to basic queries and the ability to navigate the model using path expressions, the  metaclass definitions in the following sections provide additional operations on XPSL patterns that provide us with the information needed to support a design goal-driven approach to the application of patterns.  

Adopting such an approach, patterns are organized into families using an inheritance hierarchy similar to that for classifiers.  Within the hierarchy, abstract patterns define problems addressed by concrete patterns, which provide associated solutions.  Basic relationships between patterns (requires, excludes) allow the user to explicitly specify which patterns depend upon which others, and which patterns interfere with one another.  Explicitly specified tradeoffs and other pattern properties (accessible via XPSL queries) provide a basis for choosing between alternative solutions.  They may also be used to infer dependencies, and to infer when one pattern interferes with another, irrespective of what the user specifies.

Patterns are then selected to respond to specific design goals. Only patterns compatible with system/subsystem requirements are eligible, and only combinations of patterns that do not interfere with one another may be applied together.  Requirements constraints are typically cross cutting, characterize particular types of systems, and have a wholesale effect on our choice of patterns across the entire pattern hierarchy (e.g., ruling out all pattern unsuitable for real-time).

2.9.1 Pattern

The following operations are available on all patterns. They extend the definition of Pattern provided in section 2.5.1.

	Metaclass
	Pattern

	…
	…

	…
	…

	Operation
	applicable

	Description
	Does the pattern apply to the problem at hand?

	Post
	-- A pattern applies iff any of its transformations apply

	Parameter
	(elements: Set(ModelElement)): Boolean
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To do:

1. Note that a match of elementType by Select is polymorphic (implies a match of the type or any of its subtypes).

2. In the definition of Pattern define a property Parameter that allows patterns to act as operations, called by other patterns.  Define a MetaAction to add an element to the result parameter of a pattern.  Add parameters to the examples involving ApplyPattern in the Increment One and Increment Two catalogs.

3. Note that constants are not considered variables (in queries such as variablesReferenced, etc.).

4. Add definitions for SelectExpression, CollectExpression, IterateExpression.

5. Add definitions for SelectAll, CollectAll, etc., which include all subcomponents of a pointcut element in the search.

6. Parameterize definitions with respect to the Collection type and flattening of the result.  Default = flat Set.

7. Add OCL2 support for unflattened collections.

8. Add queries for .components(), .allComponents(), .container(), .allContainers(), .reachableElements(), .allReachableElements(), smallestCommonContainer().

9. Add a query isConstant(): Boolean to Expression. 

10. Add a query to determine the type of an Expression.

11. Add a query value() to Expression with the precondition isConstant.

12. Add a query parameters() to Action, to obtain the parameters associated with the Action (of all types).

13. Add an invariant isConstant() to the XCIL type ConstantExpression (that effectively defines what it means to be a constant expression, i.e. all leaf expressions are literal values).

14. Introduce queries corresponding to temporal expressions over cflows, e.g. select(use-before-set()).  Apply to set-use and other cases in which we require particular types of actions be executed (or not executed) in a particular order.  Generalize to allow qualification of actions by state, e.g., the execution of CreateObject is forbidden following initialization. 

15. For data flow queries, add a parameter that allows us to specify the value of a variable at a given point in the program’s execution, e.g. allows us to ask for all statements that contribute to the value of an iteration variable at the entry point of a loop, ask for all statements that contribute to the postcondition value of a given argument, etc.

16. Discuss user specified pointcuts, e.g. $Pointcut, $Thread in the context of a general user interface.  Relate to display, dialog, and menu transformations.

17. Add the transformation ApplyPattern with a semantics that supports dynamic dispatch.  Provide a relationship between subpatterns that allows a specification of preference when more than one pattern applies.

18. Add the ability to reorder statements and expressions while preserving the existing semantics (refactoring), e.g. move all statements that affect the value of an iteration variable to the end of the body of a loop (returning a collection of all statements that affect the value but cannot be moved).

19. Add other useful refactorings from Fowler.

20. Discuss the merger of parsed XCIL with model XCIL (and annotations) in a separate, short paper on the KCS architecture (e.g. Merging Models with Code).  Support either Rose or Tables to XML/XCIL.

21. Provide a short circuit versions of ‘and’ and ‘or’, or define this to be the default semantics.

22. Maximize the use of Word cross references between elements.

23. Introduce the use of OmgPackage, and pathnames for references to definitions.

24. Ensure the document defines all the OCL operations that it uses, e.g. includes, exists.

25. Use MetaAssociationEnd to represent modeling time links between model elements (as opposed to run time links between instances of these model elements, a conventional association end).

26. Discuss the composition of patterns and corresponding relationships between patterns (requires, excludes, alternative, dominates).  Include all the relationships that appear in the current SEC catalog.  Define Alternative as requiring all the listed patterns (per Jump free execution).

27. Discuss overall pattern format, referring to XPSL Examples.
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