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Appendix A  Summary Overview of Z++ 
 
 

The following is a summary presentation of Z++, based on [Lano94b], [Lano94e] and 

[Lano95] (throughout the entire thesis the later was used as primary reference whenever it 

was necessary to resolve differences between various Z++ materials). For documentation 

and manipulation purposes several identifiers have been modified, e.g., we write 

RTLFormula instead  of  FmlaRTL, and  use  C instead of  C. Also, a PUBLICS clause, listing 

externally visible attributes and operations has been appended to the structure of the Z++ 

class presented in Section A.1. The recommended place for PUBLICS is between the 

EXTENDS and TYPES clauses of the Z++ class (more details about this new clause can be 

found in Chapter 6).   

 

 

A.1  BNF Syntax of the Z++ Class Declaration 

 

ZPP_Class  ::=  CLASS  Identifier  [TypeParams] 

     [EXTENDS Ancestors] 

    [TYPES  Types] 

    [FUNCTIONS  AxiomaticDefs] 

    [OWNS   Locals] 

    [RETURNS  OpTypes] 

    [OPERATIONS  OpTypes] 

    [INVARIANT  Predicate] 

    [ACTIONS Actions] 

    [HISTORY History] 

    END CLASS 

 

where: 

 

      TypeParams  ::=  [ “[” Parlist “]” ] 

      Parlist  ::=  Identifier [, Parlist] |   

Identifier << Identifier [, Parlist] 

Ancestors ::= Idlist 
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Types  ::= TypeDeclarations 

Locals  ::= Identifier : Type ;  Locals | Identifier : Type 

Optypes ::= [*] Identifier : Idlist → Idlist; OpTypes |  

[*] Identifier : Idlist → Idlist 

Actions ::= [*] [Predicate &] Identifier Idlist ==> Code; Actions  

| [*] [Predicate &] Identifier Idlist ==> Code  

History  ::=  LTLFormula | RTLFormula  

 

Briefly, about the clauses in the class declaration: 

 

•  CLASS is followed by an identifier and a possibly empty list of generic type parameters. 

In this list, the notation A << B signifies that class parameter A is the descendent of class 

B; 

• EXTENDS contains the list of classes inherited by this class; 

• TYPES contains definitions of types used in the declarations of local variables. Classes 

can be used as types in this clause and in the clauses that follow; 

• FUNCTIONS is followed by axiomatic definitions of constants; 

• OWNS is followed by attribute declarations, for each attribute the name and the type 

being given; 

• RETURNS includes the signatures of operations that do not change the attributes of the 

class instances. These operations represent pure enquiry accesses to the state;  

• OPERATIONS includes the signatures of the operations that can change the state of the 

objects. The operations are specified here and in the RETURNS clause as functions from 

a sequence of input domains to a sequence of output domains; 

• INVARIANT specifies a property of the internal state that must remain unchanged 

between the executions of operations. The default invariant of a class is true;    

• ACTIONS contains definitions of operations that can be performed on instances of the 

class. For an operations op of class C the input parameters x are listed before the 

output parameters y. The body of the operation Code(op, C) contains Z statements. 

The operation has either the implicit precondition true or an explicit precondition 

Pre(op, C). The general form for an operation’s definition is: 
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Pre (op, C)  &  op  x  y  ==>  Code (op, C)  

 

• HISTORY contains a predicate that defines the admissible sequences of execution for the 

operations of the class’s objects. The predicate can be written in linear temporal logic or 

in RTL.   

 

 

A.2 Invocation of Operations 

 

In class C an operation declared as   

 

op : X Ñ Y  

 

and defined as  

 

Pre(op, C) & op  x  y  ==>  Code (op, C) 

 

can be invoked as objectC.op(ap) where objectC is an object of class C and ap a list of 

actual parameters. The alternative notation objectC.op[ap/fp] can be used, where ap is the 

set of actual parameters that substitute the formal parameters fp.  It is also possible to 

highlight the output parameters y that result from the invocation of the operation by 

writing  y ← objectC.op(ap).  

 

An implicit operation NewC is available for each class C. The default name of the object 

created by NewC is c!, but the object can be suitably named by using the expression      

NewC [objectName! / c!]. 

  

In Z++ the set of attributes changed by an operation is implicitly specified via the 

decoration of attributes, an attribute att that does not appear decorated as att’ in the 

operation’s definition being considered unchanged by the operation. 
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Operations of classes that have their name prefixed by * are denoted spontaneous (or 

internal) actions, invoked implicitly during the lifetime of the object. Also, an init 

operation can be included in a Z++ class to perform the initialisation of the object. In order 

to have init executed at the creation of class instances, the symbol * must precede the 

name of the operation, making it an internal action. 

 

Within classes, the usual Z technique of splitting an operation in normal and error 

behaviour can be applied:   

 

   CLASS C  

     OWNS 

     ... 

      OPERATIONS   

          Op_OK  :  X → Y 

                 Op_Error  :  X → Y 

      Op   :  X → Y 

         ACTIONS  

   Op_OK  x? y! ==> Pre_OK ∧ Def_OK 

                 Op_Error  x? y! ==> Pre_Error ∧ Def_Error 

      Op   x? y! ==> Op_OK ∨ Op_Error   

     END CLASS 
 

 

A.3. Notes on Semantics  

 

A class declaration C as in A.1 defines implicitly the following Z schemas for, respectively, 

the class state: 

 
Ú�� StateC �����������������������������������������ÄÄÄÄÄÄÄÄÄÄÄÄ�� 
³   c 
ÃÄÄÄÄÄÄÄ������������� 
³   InvC 
ÀÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ����������������������ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ 
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and for each operation op: 
 
 

Ú�� Inop ����������������������������������������������������ÄÄÄÄÄ 
³   x : IN  
ÀÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ�������������������ÄÄÄÄÄÄÄÄÄ 

 
Ú�� Outop  ������������������������������������������������ÄÄÄÄÄÄÄ 
³   y : OUT  
ÀÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ�������������������ÄÄÄÄÄÄÄÄÄ 

 

where c defines the state of C,  InvC is the invariant of the class and, as in typical Z style 

declarations, the elements of parameter sequences x and y are matched position by 

position with their corresponding types contained in the sequences IN and, respectively,  

OUT  (the parameters are listed in pairs  var:varType). 

 

The precondition Pre(op,C) involves the class state and the input parameters: 

 
Ú�� SchemaPre(op,C) ������������������������������ÄÄÄÄÄÄÄÄÄÄÄÄ���� 
³   StateC 

³   Inop   
ÃÄÄÄÄÄÄÄ������������� 
³   Pre(op, C) 
ÀÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ����������������������ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ 

 

and the operation itself is described by:  

 

Ú�� Schema(op,C) ������������������������������ÄÄÄÄÄÄÄÄÄÄÄÄ������� 
³   � StateC 
³   � SupplierObjects(op,C) 
³   � NonSupplierObjects(op,C)  
³   Inop 
³   Outop    
ÃÄÄÄÄÄÄÄ������������� 
³   Code(op, C) 
ÀÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ�������������������ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ 

 

where SupplierObjects(op,C) are schemas involved (directly or recursively) in the 

definitions of operations invoked from within op and NonSupplierObjects(op,C) are the 

schemas for the other class instances in the specification.  
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For each class C the given set [@C] represents the set of all possible objects of the class and 

the set C denotes the existing objects of C. These are described in the following schema, 

which also includes a dereference map *c from object identities to object values: 

 

Ú�� Objectsc �����������������������ÄÄÄ����������ÄÄÄÄÄÄÄÄÄÄÄÄ����� 
³   *c : @C  Ü StateC 
³    C  : �(@C)  
ÃÄÄÄÄÄÄÄ������������� 
³    C  = dom (*c) 
ÀÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ�������������������ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ 

 

The nil object reference nilc:@C, which can never be an element of C, can be used in 

Z++.   

 

 

A.4 Extending and Restructuring the Specification 

 

The specification can be extended by applying operations on classes, as follows: 

 

ClassExpression :== ClassIdentifier |  

ClassExpression \ (FeatureList) | 

ClassExpression [RenameList) | 

GenericClassExpression [ParameterList] | 

ClassExpression ± ClassExpression | 

ClassExpression � ClassExpression | 

ClassExpression x ClassExpression | 

ClassExpression � ClassExpression | 

ClassExpression * Ident ClassExpression | 

 

where ClassIdentifier is the class name assigned in its CLASS clause; FeatureList a list of 

attributes and operations of the class, RenameList a list of substitutions new/old involving 

constants, attributes and operations, and ParameterList a list of types that represent the 

generic parameters of the class (by definition, a generic class is a class with a non-empty list 

of parameters.) Succinct descriptions for some of the above operations: 
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•  The hiding operation \ has the effect of making the attributes and operations of the 

class unavailable to the class’ descendents; 

• Renaming allows the changing of names for reusability purposes, but does not affect 

the semantics of the class features; 

•  The operation � on classes creates a class that contains the disjoint union of class 

attributes and the same-named operations, with their definitions conjoined; 

• The intersection operator � produces the syntactic intersection of the definitions of the 

two classes, only the features with identical descriptions being retained. 

 

 

A.5  Translation to Standard Z 

 

Z++ specifications can be translated into regular Z specifications using a “flattening” 

procedure that allows the use of available analysis tools for Z. However, as pointed out by 

Lano and Haughton, temporal constraints are not treated, but their handling is feasible by 

using explicit trace variables in class state schemas [Lano94e]. The specific details of 

translation to Z follow from the semantics of Z++ outlined in A.3.     
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Appendix B  Java Implementation of the AFCD  
 
 
B.1 Contents of the Program Listing 
 
 
The listing included in this Appendix contains the code of a Java program that implements 

the AFCD described in Section 6.3 of the thesis. The listing has several components, 

presented in the order indicated in Table B.I. 

 

 
Table B.I Contents of the FCD Program (continued on the next page) 

 
No. 

 

 
Component 

 
Description 

1 classdiagram.dtd 
Document type definition that establishes the structure of the input 
provided to the FCD program. This input is a representation of a UML 
class diagram. 

2 FDCManager.java 

The highest level class of the program. Coordinates: (a) the parsing of 
the input description of the class diagram and the loading of the input’s 
components into Java objects; (b) the verification of the well-formedness 
of the input class diagram; (c) the translation to Z++ of the class 
diagram. 

3 CDParser.java 

Parser and loader that processes the  *.xml input file and populates the 
classes of the program with the elements of the input. By verifying the 
structure of the input data, it enforces some of the rules for well-
formedness of the class diagram. 

4 CDSyntaxChecker.java Groups the more complex checks for well-formedness of class diagrams 
presented in Section 6.3.1. 

5 CDTranslator.java Coordinates the entire formalisation in Z++ of a UML class diagram, 
according to the principles of translation described in Section 6.3.2. 

6 ClassDiagram.java Class that models the UML class diagram provided as input to FCD. 

7 UMLClass.java Models regular classes from the UML space. It is also the superclass of 
the UMLParaBindClass.java class. 

8 UMLParaBindClass.java Models both parameterised and instantiating UML classes. For AFCD’s 
purposes further specialisation of the class was not necessary. 

9 UMLAttribute.java Models attributes of classes from the UML space. 

10 UMLOperation.java Models operations of classes from the UML space. 
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Table B.I Contents of the FCD Program (continued from the previous page) 

 
No. 

 

 
Component 

 
Description 

11 UMLParameter.java Models parameters of UML operations. 

12 Relationship.java Models binary relationships between classes. 

13 RelationshipEnd.java Models the ends of relationships. 

14 Multiplicity.java Models the multiplicity attached to the ends of relationships.  

15 Range.java Models ranges of values. Used as components of multiplicity 
constraints. 

16 ZPPCSpec.java 
Models the Z++ specification that results from formalising a UML 
class diagram. It is the correspondent of the UML class diagram in 
the Z++ space. 

17 ZPPClass.java 

Provides representation of Z++ classes. Contains both the clause 
contents of a Z++ class (“external representation”) and 
information that makes up  an “internal representation” that 
facilitates translation from and to UML. 

18 ZPPAttribute.java Placeholder for information describing an attribute from the Z++ 
space. 

19 ZPPOperation.java Placeholder for information describing a Z++ operation. 

20 ZPPOpSignature.java Placeholder for information describing a Z++ operation’s 
signature. 

21 ZPPOpDefinition.java Placeholder for information describing a Z++ operation’s 
definition. 

22 StatementList.java A class for grouping Z++ statements. 

23 Statement.java Models Z++ statements. Each statements consists of one or more 
lines. 

24 IdList.java Models lists of identifiers.  

25 Logger.java Utility class handling all messages to the user and the formatting 
of the Z++ specification. 

26 FCDConstants.java Interface that groups the constants used in the program. 

 

 

B.2 The Program Listing 
 

The listing of the Java program that implements the AFCD is presented below. 
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 classdiagram.dtd                page 1 of 1 

 
 
 
 
 
<?xml version='1.0' encoding='us-ascii'?> 
 
<!-- Document Data Type (DTD) for class diagram; specifies the structure of the AFCD input 
     The symbol * means "zero or more" while the symbol + means "one or more" --> 

 5 
  <!-- Class diagram declaration--> 
     <!ELEMENT classdiagram (class*, relationship*)> 
     <!ATTLIST classdiagram title CDATA #REQUIRED> 
 

10     <!-- Class declaration --> 
     <!ELEMENT class (att*, op*) > 
     <!ATTLIST class 
         name CDATA #REQUIRED 
         ctype   (reg | para | bind) "reg"> 

15 
  <!-- Attribute declaration --> 
     <!ELEMENT att (#PCDATA)> 
     <!ATTLIST att 
         name   CDATA #REQUIRED 

20 type   CDATA  "null" 
         initval   CDATA  "null" 
         vistype   (public | protected | private) "public" 
         property  (changeable | frozen) "changeable"> 
 

25     <!-- Operation declaration --> 
     <!ELEMENT op (param*) > 
     <!ATTLIST op 
         name      CDATA #REQUIRED 
         vistype   (public | protected | private) "public" 

30 rettype   CDATA  "null" 
         property  (none | query) "none"> 
 
  <!-- Parameter declaration --> 
     <!ELEMENT param (#PCDATA) > 

35       <!ATTLIST param 
         name CDATA #REQUIRED 
         ptype CDATA #REQUIRED 
         dir  (in | out | inout) "in"> 
 

40   <!-- Relationship declaration --> 
     <!ELEMENT relationship (relationshipend*) > 
     <!ATTLIST relationship name CDATA "null"> 
 
  <!-- Relationshipend declaration --> 

45      <!ELEMENT relationshipend (multiplicity) > 
     <!ATTLIST relationshipend 
         kind   (assoc | aggreg | comp | super |generic | none) #IMPLIED 
         classname CDATA #REQUIRED> 
 

50   <!-- Multiplicity declaration --> 
     <!ELEMENT multiplicity (range+) > 
 
  <!-- Range declaration --> 
     <!ELEMENT range (#PCDATA) > 

55      <!ATTLIST range 
        begin   CDATA "1" 
        end     CDATA "1"> 
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 FCDManager.java                page 1 of 1 

 
 
 
 
// 2 FCDManager 

 
package fcd; 

 5 
import java.io.File; 
 
/** 
 * Coordinates the three major functions of the AFCD: 

10  * (a) parsing of the input description of the class diagram 
 * (b) verification of the well-formedness of the class diagram 
 * (c) translation to Z++ of the components of the class diagram 
 */ 
public class FCDManager { 

15       private ClassDiagram  cd; 
   private ZPPSpec       zspec; 

 
   // All main work components start from here 
   public void doWork(File file) { 

20            try { 
 
         cd = new ClassDiagram(); 
         CDParser parser = new CDParser(cd);   // parsing & loading 
         parser.parse(file); 

25 
         CDSyntaxChecker checker = new CDSyntaxChecker(cd); 
         if (!checker.checkCDSyntax())    // verification 
            Logger.log("Checking of CD syntax stopped."); 
         else 

30             Logger.log("Checking of CD syntax successfully completed."); 
            CDTranslator trans = new CDTranslator(cd); 
            trans.CDtranslate();     // translation 
         } 
 

35             } catch (Exception e) { 
         e.printStackTrace(); 
         Logger.log("Parsing of CD input stopped."); 
      } 
   } 

40 
   public static void main(String[] args) {   // entry point 
       
      File file = new File("classdiagram.xml");    // default input file 
 

45             try { 
         if (args.length == 1)  
            file = new File(args[0]); 
         FCDManager mgr = new FCDManager();   // a manager to 
         mgr.doWork(file);     // coordinate the work 

50             } catch (Exception x) { 
         x.printStackTrace(); 
         System.exit(1); 
      } 
   } 

55 } 
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 CDParser.java                            page 1 of 3 

 
 
 

 
// 3. CDParser 

 
package fcd; 

  5 
import java.util.*; 
import java.io.File; 
import java.io.IOException; 
import javax.xml.parsers.*; 

 10 import org.xml.sax.*; 
import org.w3c.dom.*; 

 
/** Parses the input and populates the classes modelling the UML class diagram */ 
public class CDParser { 

 15    private ClassDiagram cd; 
       private Map mappings = new HashMap(); 
 
       public CDParser(ClassDiagram cd) { 
          this.cd= cd; 
 20 } 
 
    public void parse(File file) throws Exception { 
          DocumentBuilderFactory factory = DocumentBuilderFactory.newInstance(); 
          factory.setValidating(true); 
 25    try { 
               DocumentBuilder builder = factory.newDocumentBuilder(); 
               setErrorHandler(builder);           // error handling code to deal with DTD validation 
               Document document = builder.parse(file); 
               Logger.log("The input class diagram " + document.getDocumentElement().getNodeName() 
 30   + " successfully read."); 
               createElement(document);            // create cd and its elements from the DOM tree 
               Logger.log("The class diagram " + document.getDocumentElement().getNodeName() 
                          + " successfully created."); 
          } catch (SAXException sxe) { 
 35       Exception  x = sxe; 
               if (sxe.getException() != null) 
                 x = sxe.getException(); 
               Logger.log(x.getMessage()); 
               throw x; 
 40    } catch (ParserConfigurationException pce) { 
               pce.printStackTrace(); 
          } catch (IOException ioe) { 
               ioe.printStackTrace(); 
           } catch (Exception x)     { 
 45            throw x; 
           } 
      } 
 
        /** Creates an element corresponding to the DOM node and recursively processes its children */ 
 50 private void createElement(Node node) throws Exception { 
          switch (node.getNodeType()) {            // determines action based on node type 
               case Node.DOCUMENT_NODE: 
               Document doc = (Document) node; 
             Node next = doc.getDocumentElement(); 
 55  mappings.put(next, cd); 
             createElement(next); 
             break; 
               case Node.ELEMENT_NODE: 
             String name = node.getNodeName(); 
 60  if (name.equals("classdiagram")) { 
                   String title = ((Element) node).getAttribute("title"); 
                   cd.setName(title); 
                 } else if (name.equals("class")) { 
                      createClass(node); 
 65              } else if (name.equals("att")) { 
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 CDParser.java                            page 2 of 3 

 
 
 

    
            createAttribute(node); 
             } else if (name.equals("op")) { 
                      createOperation(node); 
             } else if (name.equals("param")) { 
 70                   createParameter(node); 
             } else if (name.equals("relationship")) { 
                     createRelationship(node); 
             } else if (name.equals("relationshipend")) { 
                     createRelationshipEnd(node); 
 75              } else if (name.equals("multiplicity")) { 
                      createMultiplicity(node); 
                 } else if (name.equals("range")) { 
                      createRange(node); 
                 } 
 80         NodeList children = node.getChildNodes();   // recursive processing of children 
                 if (children != null) 
                   for (int i=0; i < children.getLength(); i++) 
                        createElement(children.item(i)); 
                 break; 
 85           default: 
             break; 
            } 
     } 
 
 90   /** Creates and initialises class diagram elements */ 
    private void createClass(Node node) { 
          Node parentNode = node.getParentNode(); 
          ClassDiagram container = (ClassDiagram) mappings.get(parentNode); 
          String ctype = ((Element) node).getAttribute("ctype"); 
 95         UMLClass cl = null; 
          String token = ((Element) node).getAttribute("name"); 
          if (ctype.equals("reg")) { 
               cl = container.createClass(); 
               cl.setName(token); 
100         } else { 
               cl = container.createUMLParaBindClass(); 
               ((UMLParaBindClass) cl).setCType(ctype); 
               ((UMLParaBindClass) cl).setNameAndParameters(token); 
          } 
105    mappings.put(node, cl); 
   } 
 
    private void createAttribute(Node node) { 
          Node parentNode = node.getParentNode(); 
110         UMLClass container = (UMLClass) mappings.get(parentNode); 
           UMLAttribute att = container.createAttribute(); 
          att.setName(((Element) node).getAttribute("name")); 
          att.setType(((Element) node).getAttribute("type")); 
          att.setVisType(((Element) node).getAttribute("vistype")); 
115    att.setInitValue(((Element) node).getAttribute("initval")); 
          att.setProperty(((Element) node).getAttribute("property")); 
    } 
 
    private void createOperation(Node node) { 
120    Node parentNode = node.getParentNode(); 
           UMLClass container = (UMLClass) mappings.get(parentNode); 
          UMLOperation op = container.createOperation(); 
          op.setName(((Element) node).getAttribute("name")); 
          op.setVisType(((Element) node).getAttribute("vistype")); 
125         op.setRetType(((Element) node).getAttribute("rettype")); 
          op.setProperty(((Element) node).getAttribute("property")); 
          mappings.put(node, op); 
    } 
 
130 private void createParameter(Node node) { 
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        Node parentNode = node.getParentNode(); 
          UMLOperation container = (UMLOperation) mappings.get(parentNode); 
          UMLParameter param = container.createParameter(); 
          param.setName(((Element) node).getAttribute("name")); 
135    param.setType(((Element) node).getAttribute("ptype")); 
          param.setDir(((Element) node).getAttribute("dir")); 
    } 
 
    private void createRelationship(Node node) { 
140    Node parentNode = node.getParentNode(); 
          ClassDiagram container = (ClassDiagram) mappings.get(parentNode); 
          Relationship rel = container.createRelationship(); 
          rel.setName(((Element) node).getAttribute("name")); 
          mappings.put(node, rel); 
145 } 
 
    private void createRelationshipEnd(Node node) throws Exception{ 
          Node parentNode = node.getParentNode(); 
          Relationship container = (Relationship) mappings.get(parentNode); 
150    RelationshipEnd relEnd = new RelationshipEnd(); 
          if ((container.getEnd1()) == null) 
               container.setEnd1(relEnd); 
          else if ((container.getEnd2()) == null) 
               container.setEnd2(relEnd); 
155       else { 
           Logger.log("INPUT ERROR: More than two ends for relationship "+ container.getName() + "."); 
               Exception x = new Exception(); 
               throw x; 
          } 
160    relEnd.setKind(((Element) node).getAttribute("kind")); 
          relEnd.setClassName(((Element) node).getAttribute("classname")); 
          mappings.put(node, relEnd); 
    } 
 
165 private void createMultiplicity(Node node) { 
          Node parentNode = node.getParentNode(); 
          RelationshipEnd container = (RelationshipEnd) mappings.get(parentNode); 
          Multiplicity mult = container.createMultiplicity(); 
          mappings.put(node, mult); 
170 } 
 
    private void createRange(Node node) { 
          Node parentNode = node.getParentNode(); 
          Multiplicity container = (Multiplicity) mappings.get(parentNode); 
175    Range range = container.createRange(); 
          range.setBegin(((Element) node).getAttribute("begin")); 
          range.setEnd(((Element) node).getAttribute("end")); 
    } 
 
180 private void setErrorHandler(DocumentBuilder builder) { 
          builder.setErrorHandler( 
               new org.xml.sax.ErrorHandler() {                    // ignore fatal errors 
                  public void fatalError(SAXParseException exception) throws SAXException { 
                  } 
185               public void error(SAXParseException e) throws SAXParseException { 
                     throw e;                                      // treat validation errors as fatal 
           } 
           public void warning(SAXParseException err) throws SAXParseException {  
                     Logger.log("** Warning" + ", line " + err.getLineNumber() 
190                                + ", uri " + err.getSystemId()); 
                 Logger.log("   " + err.getMessage()); 
           } 
              } 
       ); 
195  } 
     } 
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// 4. CDSyntaxChecker 

 
package fcd; 

  5 
import java.util.*; 

 
/** Handles all checks of well-formedness */ 
public class CDSyntaxChecker implements FCDConstants { 

 10    private ClassDiagram cd; 
       private Collection classes = new ArrayList(); 
       private Collection relationships = new ArrayList(); 
  
       public CDSyntaxChecker(ClassDiagram cd) { 
 15       this.cd = cd; 
             this.classes = cd.getClasses(); 
               this.relationships =cd.getRelationships(); 
       } 
 
 20   /** Highest level of organising the checks */ 
    public boolean checkCDSyntax() { 
          boolean ret = false; 
          if (!checkRelationships()) return ret; 
          if (!checkAccrossCD()) return ret; 
 25    return checkClasses(); 
    } 
 
    /** Contains a series of tests at relationship level */ 
    private boolean checkRelationships() { 
 30         boolean ret = false; 
          Logger.separator(); 
          if (!checkRelationshipEnds()) return ret;            // check ends of relationships are 
          Logger.separator();                                  // properly defined 
          if (!checkWellFormedMultiplicities()) return ret;    // check multiplicities are properly 
 35         Logger.separator();                                  // defined 
          if (!checkAssociationsHaveNames()) return ret;       // check names exist for associations 
          Logger.separator(); 
          if (!checkCompositionsMultOne()) return ret;         // check proper mult. of compositions 
          Logger.separator(); 
 40    if (!checkRelationshipsMultOne(SUPER, GENERALISATION)) return ret; //same for gen-s. 
          Logger.separator(); 
          return checkRelationshipsMultOne(GENERIC, INSTANTIATION);          // and instantiations 
    } 
 
 45 /** Contains a series of tests at class diagram level */ 
    private boolean checkAccrossCD() { 
          boolean ret = false; 
          Logger.separator(); 
          if (!checkEndRelClassesExist()) return ret;          // check classes in rel. exist in CD 
 50         Logger.separator(); 
          if (!checkClassNamesUnique()) return ret;            // check names of classes 
          Logger.separator(); 
          if (!checkDistinctAssociationsNames()) return ret;   // associations between same two 
          Logger.separator();                                  // classes must have distinct names 
 55    if (!checkDuplicateRelationships()) return ret;      // check multiple rel. between same 
          Logger.separator();                                  // two classes 
          if (!checkNoAncestorToSelf()) return ret;       // a class cannot be ancestor to itself 
          Logger.separator(); 
          if (!checkInstantiationClasses()) return ret;   // check proper def. of instantiations 
 60         Logger.separator(); 
          return checkMatchingBindings();                    // and proper matching of parameters 
                                                              // at instantiation 
    } 
 
 65   /** Contains a series of tests at class level */ 
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   private boolean checkClasses() { 
          boolean ret = false; 
          Logger.separator(); 
          if (!checkAttributeNamesUnique()) return ret;         // check names of attributes 
 70        Logger.separator(); 
          if (!checkOperationNamesUnique()) return ret;         // of operations 
          Logger.separator(); 
          return checkOpParamNamesUnique();                     // and of parameters of operations 
    } 
 75  
 /** Verifies that the ends of relationships are properly formed */ 
    public boolean checkRelationshipEnds() { 
          boolean ret = true; 
          for (Iterator i = relationships.iterator(); i.hasNext(); ) { 
 80           Relationship rel = (Relationship) i.next(); 
              if (!rel.checkEnds()) 
                 ret = false; 
           } 
           Logger.logCheckResult("Relationship ends", ret); 
 85        return ret; 
   } 
 
    /** Verifies format of multiplicity constraints */ 
    public boolean checkWellFormedMultiplicities() { 
 90         boolean ret = true; 
          for (Iterator i = relationships.iterator(); i.hasNext(); ) { 
               Relationship rel = (Relationship) i.next(); 
               if (!rel.getEnd1().checkMultiplicity())               // test both ends 
                  ret = false; 
 95            if (!rel.getEnd2().checkMultiplicity()) 
                  ret = false; 
          } 
           Logger.logCheckResult("Well-formed multiplicities", ret); 
           return ret; 
100    } 
 
    /** Verifies names are provided for association relationships */ 
    public boolean checkAssociationsHaveNames() { 
          boolean ret = true; 
105            for (Iterator i = relationships.iterator(); i.hasNext(); ) { 
               Relationship rel = (Relationship) i.next(); 
               if (!rel.checkAssociationHasName()) 
                  ret = false; 
          } 
110        Logger.logCheckResult("Associations have names", ret); 
          return ret; 
    } 
 
 
115    /** Verifies that multiplicity of the whole part of composition is one */ 
    public boolean checkCompositionsMultOne() { 
          boolean ret = true; 
          for (Iterator i = relationships.iterator(); i.hasNext(); ) { 
              Relationship rel = (Relationship) i.next(); 
120            if (!rel.checkCompositionMultOne()) 
                  ret = false; 
          } 
          Logger.logCheckResult("Multiplicity of whole part of composition", ret); 
          return ret; 
125    } 
 
    /** Verifies that specific kinds of relationships have multiplicity one */ 
    public boolean checkRelationshipsMultOne(String endKind, String relKind) { 
          boolean ret = true; 
130 
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      for (Iterator i = relationships.iterator(); i.hasNext(); ) { 
           Relationship rel = (Relationship) i.next(); 
           if (!rel.checkRelationshipMultOne(endKind, relKind)) 
              ret = false; 
135        } 
 
          Logger.logCheckResult("Multiplicity of " + relKind + " ends", ret); 
          return ret; 
    } 
140 
    /** Verifies that the two classes involved in a relationship belong to the class diagram */ 
    private boolean checkEndRelClassesExist() { 
          boolean ret = true; 
          String clsName; 
145 
          for (Iterator i = relationships.iterator(); i.hasNext(); ) { 
              Relationship rel = (Relationship) i.next(); 
             clsName = rel.getEnd1().getClassName(); 
            if (!classFound(clsName)) { 
150                Logger.log("CD SYNTAX ERROR: Class involved in relationship not found (" + 
                                      clsName + ")" ); 
                 ret = false; 
               } 
            clsName = rel.getEnd2().getClassName(); 
155            if (!classFound(clsName)) { 
               Logger.log("CD SYNTAX ERROR: Class involved in relationship not found (" + 
                             clsName + ")" ); 
                 ret = false; 
              } 
160         } 
         Logger.logCheckResult("Exist classes at relationship ends", ret); 
          return ret; 
    } 
 
165    /** Verifies constraints on class names */ 
    public boolean checkClassNamesUnique() { 
          boolean ret = true; 
 
          int size = classes.size(); 
170         for (int i = 0; i < size; i++ ) { 
             UMLClass cls = (UMLClass) ((ArrayList) classes).get(i); 
            ret &= checkClassNameUnique(cls.getName(), i); 
         } 
 
175         Logger.logCheckResult("Class names unique", ret); 
          return ret; 
    } 
 
    /** Verifies names of classes are unique within the class diagram */ 
180    private boolean checkClassNameUnique(String className, int index) { 
          boolean ret = true; 
          int size = classes.size(); 
          for (int i = index+1; i <size; i++ ) { 
             UMLClass cls = (UMLClass) ((ArrayList) classes).get(i); 
185 
              if ((cls.getName()).equals(className)) { 
               Logger.log("CD SYNTAX ERROR: Duplicate name of class detected (" +className+ ")"); 
                 ret = false; 
               break; 
190            } 
        } 
          return ret; 
    } 
 
195    /** Verifies that associations between the same two classes have distinct names */ 
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public boolean checkDistinctAssociationsNames() { 
   boolean ret = true; 
   int size = relationships.size(); 
   for (int i = 0; i < size; i++) { 

200       Relationship rel1 = (Relationship) ((ArrayList) relationships).get(i); 
      if (rel1.isAssociation()) { 
         String cls1 = (rel1.getEnd1()).getClassName(); 
         String cls2 = (rel1.getEnd2()).getClassName(); 
         for (int j = i+1; j < size; j++) { 

205             Relationship rel2 = (Relationship) ((ArrayList) relationships).get(j); 
            if (rel2.isAssociation() 
               if ( (rel2.hasClassEnds(cls1, cls2)) || (rel2.hasClassEnds(cls2, cls1))) 
                  if ((rel1.getName()).equals(rel2.getName())) { 
                     Logger.log("CD SYNTAX ERROR: Duplicate name of association detected (" + 

210                        rel1.getName()+ ")"); 
                     ret = false; 
                  } 
            } 
         } 

215       } 
   } 
   Logger.logCheckResult("Distinct association names", ret); 
   return ret; 
} 

220 
      /* Verifies that only aggregs/comps and assocs may be duplicated between the same two classes */
 public boolean checkDuplicateRelationships() { 

   boolean ret = true; 
   String clsName1; 

225    String clsName2; 
   String relKind; 

 
   int size = relationships.size(); 
      for (int i = 0; i < size; i++) { 

230          Relationship rel1 = (Relationship) ((ArrayList) relationships).get(i); 
         relKind = rel1.getRelationshipKind(); 
         clsName1 = (rel1.getEnd1()).getClassName(); 
         clsName2 = (rel1.getEnd2()).getClassName(); 
         for (int j = i+1;  j < size; j++) { 

235             Relationship rel2 = (Relationship) ((ArrayList) relationships).get(j); 
            if (rel2.hasClassEnds(clsName1, clsName2)) { 
               if (((rel2.getRelationshipKind()).equals(relKind))) { 
                  if ( (relKind.equals(GENERALISATION)) || (relKind.equals(INSTANTIATION))) { 
                     Logger.log("CD SYNTAX ERROR: Duplicate "+ relKind + " rels. detected " 

240                                + "between classes (" + clsName1 + ", " + clsName2 + ")"); 
                     ret = false; 
                     break; 
                  } 
               } else { 

245                   Logger.log ("CD SYNTAX ERROR: Distinct rels. detected between  
                 classes (" + clsName1 + ", " + clsName2 + ")"); 

                  ret = false; 
                  break; 
               } 

250             } 
         } 
      } 
 
      Logger.logCheckResult("Valid duplicate relationships", ret); 

255       return ret; 
   } 
 
/** Verifies that a class is not its own ancestor */ 
private boolean checkNoAncestorToSelf() { 

260    boolean ret = true; 
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        Collection classes = cd.getClasses(); 
          for (Iterator i = classes.iterator(); i.hasNext(); ) {  // look at all classes 
            UMLClass cls = (UMLClass) i.next(); 
             if (FCDManager.DEBUG) Logger.log("** checkAncestorToSelf( " + cls.getName() + ")**" ); 
265          if (!checkCycleToSelf(cls.getName())) ret = false;    // and verify there are no 
          }                                                       // cycles in the inheritance 
                                                                  // graph containing the class 
          Logger.logCheckResult("No ancestor to self", ret); 
          return ret; 
270 } 
 
    /** Checks no ancestor to self for one class (or, equivalently, no successor to self) */ 
    private boolean checkCycleToSelf(String cls) { 
          boolean ret = true; 
275      Collection one = (ArrayList) successors(cls);         // gather all successors 
                                                              // (per generation) 
          while (true) { 
              if (one.isEmpty()) {                               // stop when the list is empty 
                 if (FCDManager.DEBUG) Logger.log("No cycles found for class " + cls); 
280            return ret; 
              } 
           if (one.contains(cls)) {                     // or the root class itself is in the list 
                 Logger.log("CD SYNTAX ERROR: Generalisation cycle detected for class " + cls); 
               return !ret; 
285          } 
              Collection two = new ArrayList(); 
             for (Iterator i = one.iterator(); i.hasNext(); ) { 
                String temp = (String) i.next(); 
                two.addAll((ArrayList) successors(temp));      // update the generation of ancestors 
290         } 
             if (FCDManager.DEBUG) Logger.log(two.toString()); 
             one = new ArrayList(two);                          // go and test the next generation 
        } 
    } 
295 
  /** Gathers all direct successors of a given class (the "first generation") */ 
    private Collection successors(String cls) { 
          Collection one = new ArrayList(); 
          for (Iterator i = relationships.iterator(); i.hasNext(); ) { // check all relationships 
300         Relationship rel = (Relationship) i.next(); 
            if (rel.getEnd1().getClassName().equals(cls) )        // if generalisation check 
                 if (rel.getEnd1().getKind().equals(SUPER))         // if given class is superclass 
                     one.add(rel.getEnd2().getClassName());    // if yes, gather the successors 
              else 
305              if (rel.getEnd2().getClassName().equals(cls))     // same for the other rel. end 
                   if ( rel.getEnd2().getKind().equals(SUPER)) 
                     one.add(rel.getEnd1().getClassName()); 
         } 
          return one; 
310 
    /** Verifies that suitable classes are involved in instantiation relationships */ 
    public boolean checkInstantiationClasses() { 
          boolean ret = true; 
          for (Iterator i = relationships.iterator(); i.hasNext(); ) { // look at all relationships 
315        Relationship rel = (Relationship) i.next(); 
         String clsName1 = rel.getEnd1().getClassName(); 
            String clsName2 = rel.getEnd2().getClassName(); 
            if ((rel.getEnd1().getKind()).equals(GENERIC))         // if instantiation 
             if (!foundClassOfType(clsName1, PARA) ||          // check end classes 
320             !foundClassOfType(clsName2, BIND)) {               // (para, bind) 
                  Logger.log ("CD SYNTAX ERROR: Invalid classes involved in instantiation (" + 
                                 clsName1 + ", " + clsName2 + ")"); 
               ret = false; 
            } 
325       if ((rel.getEnd2().getKind()).equals(GENERIC))          // or end classes (bind, para) 
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     if (!foundClassOfType(clsName1, BIND) || 
                     !foundClassOfType(clsName2, PARA)) { 
                   Logger.log("CD SYNTAX ERROR: Invalid classes involved in instantiation (" + 
                                clsName1 + ", " + clsName2 + ")"); 
 330                 ret = false; 
                } 
              } 
          Logger.logCheckResult("Valid instantiation end classes", ret); 
          return ret; 
335 } 
 
    /** Verifies the correspondence between the number of params at instantiation */ 
     public boolean checkMatchingBindings() { 
          boolean ret = true; 
340    for (Iterator i = relationships.iterator(); i.hasNext(); ) { 
              Relationship rel = (Relationship) i.next(); 
            if (rel.isRelationshipKind(GENERIC)) { 
                 UMLClass cls1 = cd.getUMLClass((rel.getEnd1()).getClassName()); 
               UMLClass cls2 = cd.getUMLClass((rel.getEnd2()).getClassName()); 
345          int size1 = 0; 
                int size2 = 0; 
               if (cls1 instanceof UMLParaBindClass && 
                   (((UMLParaBindClass)cls1).getCType()).equals(BIND)) { 
                  size1 = (((UMLParaBindClass) cls1).getClassParameters()).size(); 
350             size2 = (((UMLParaBindClass) cls2).getClassParameters()).size(); 
             } else { 
                   size1 = (((UMLParaBindClass) cls1).getClassParameters()).size(); 
                   size2 = (((UMLParaBindClass) cls2).getClassParameters()).size(); 
               } 
355        if (size1 != size2) { 
                     Logger.log("CD SYNTAX ERROR: Invalid parameter matching at instantiation (" + 
                                 cls1.getName() + ", " + cls2.getName() + ")"); 
                 ret = false; 
                } 
360            } 
          } 
            Logger.logCheckResult("Matching bindings (as number of parameters)", ret); 
            return ret; 
   } 
365 
    /** Verifies that names of attributes are unique within the class */ 
    private boolean checkAttributeNamesUnique() { 
          boolean ret = true; 
 
370         for (Iterator i = classes.iterator(); i.hasNext(); ) { 
           UMLClass cls = (UMLClass) i.next(); 
             if (!cls.checkAttributeNamesUnique()) 
            ret = false; 
          } 
375         Logger.logCheckResult("Attribute names unique", ret); 
          return ret; 
    } 
 
   /** Verifies that names of operations are unique within the class */ 
380    public boolean checkOperationNamesUnique() { 
          boolean ret = true; 
 
          for (Iterator i = classes.iterator(); i.hasNext(); ) { 
        UMLClass cls = (UMLClass) i.next(); 
385         if (!cls.checkOperationNamesUnique()) 
            ret = false; 
      } 
          Logger.logCheckResult("Attribute Names Unique", ret); 
          return ret; 
390    } 
 
 
 



 315
 
 
 
 
 
 CDSyntaxChecker.java                     page 7 of 7 

 
 
 
/** Verifies that names of parameters are unique within an operation's list of parameters */ 
public boolean checkOpParamNamesUnique() { 
   boolean ret = true; 

395 
   for (Iterator i = classes.iterator(); i.hasNext(); ) { 
      UMLClass cls = (UMLClass) i.next(); 
      if (!cls.checkOpParamNamesUnique()) 
         ret = false; 

400    } 
      Logger.logCheckResult("Operation Parameter Names Unique", ret); 
      return ret; 
} 
 

405 /** Determines if a given class belongs to the class diagram */ 
private boolean classFound(String className) { 
   Collection classNames = new ArrayList(); 
 
   for (Iterator i = classes.iterator(); i.hasNext(); ) { 

410       UMLClass cls = (UMLClass) i.next(); 
      classNames.add(cls.getName()); 
   } 
   return classNames.contains(className); 
} 

415 
/** Determines if a class of given name and type exists in the class diagram */ 
private boolean foundClassOfType(String className, String ctype) { 
   boolean ret = false; 
   Collection classes = cd.getClasses(); 

420        for (Iterator i = classes.iterator(); i.hasNext(); ){ 
      UMLClass cls = (UMLClass) i.next(); 
      if (cls.getName().equals(className)) 
         if (((ctype.equals(PARA)||ctype.equals(PARA)) && (cls instanceof UMLParaBindClass))|| 
              (ctype.equals(REG) && !(cls instanceof UMLParaBindClass))) { 

425             ret = true; 
            break; 
         } 
   } 
   return ret; 

430     } 
     } 
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// 5. CDTranslator 
 
package fcd; 

  5 
import java.io.*; 
import java.util.*; 
import java.awt.*; 
 

 10 /** Manages the formalisation in Z++ of a UML class diagram */ 
public class CDTranslator implements FCDConstants { 
   private ClassDiagram cd;                      // input class diagram 
   private ZPPSpec zspec;                         // output Z++ specification 
 

 15       public CDTranslator(ClassDiagram cd) { 
      this.cd = cd; 
   } 
 
   /** Translates a class diagram to Z++*/ 

 20    public void CDtranslate() { 
      zspec = new ZPPSpec();                     // create the new Z++ spec 
 
      translateClasses();                      // process classes 
      translateRelationships();                  // process relationships 

 25       resolveVisibility();                        // hide private features of classes 
      zspec.printZPPSpecification(); 
   } 
 
   /** Translates UML classes */ 

 30    private void translateClasses() { 
      for (Iterator i = (cd.getClasses()).iterator(); i.hasNext(); ) { 
         UMLClass cls = (UMLClass) i.next(); 
         if (!(getCType(cls)).equals(BIND))       // process regular and generic 
            translateClass(cls);                   // classes; ignore binding classes 

 35       } 
   } 
 
   /** Translates relationships */ 
   private void translateRelationships() { 

 40       for (Iterator i = (cd.getRelationships()).iterator(); i.hasNext(); ) { 
         Relationship rel = (Relationship) i.next(); 
         if (rel.isAggregation() || rel.isComposition()) 
            translateAggregation(rel);            // process aggregations & compositions 
         if (rel.isAssociation()) 

 45                  translateAssociation(rel);           // process associations 
      }                                          // (generalisations and instantiations 
   }                                             // are processed during the 
                                                // translation of classes) 
   /** Hides private features of classes */ 

 50    private void resolveVisibility() { 
      for (Iterator i = (zspec.getClasses()).iterator(); i.hasNext(); ) { 
         ZPPClass zcls= (ZPPClass) i.next(); 
         if (zcls.getHiddenFeatures() != null) {   // if list of hidden features is not 
            String cls = zcls.getName();          // empty, rename the original class 

 55             Statement stmt = new Statement(); 
            stmt.addLine(HIDDEN + cls + EQUIV + cls + HIDE + "[" 
              + (zcls.getHiddenFeatures()).listIds() + "]"); // construct hiding operation  
            zspec.appendHidingOps(stmt);           // and add the operation to Z++ spec 
         } 

 60       } 
   } 
 
   /** Translates individual UML class to Z++ */ 
   private void translateClass(UMLClass cls) { 

 65          String name = cls.getName(); 
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       if ((getCType(cls)).equals(PARA)) 
            name = ((UMLParaBindClass) cls).getReducedName();  // use reduced name of generic classes 
       ZPPClass zcls = zspec.appendClass(name);              // create Z++ class with same name 
 70    if ((getCType(cls)).equals(PARA)) 
            zcls.setCParams(processCParams((UMLParaBindClass) cls)); // transfer class params to Z++ 
       zcls.setExtends(processParents(cls.getName()));       // process parents of class 
       translateAttributes(cls, zcls);                       // formalise attributes 
       translateOperations(cls, zcls);                       // formalise operations 
 75    placeZPPAttributes(zcls);                             // place attributes in Z++ clauses 
       placeZPPOperations(zcls);                             // place attributes in Z++ clauses 
      } 
 
    /** Creates the list of formal class parameters */ 
 80 private IdList processCParams(UMLParaBindClass cls) { 
          IdList idl = new IdList(); 
 
          for (Iterator i = (cls.getClassParameters()).iterator(); i.hasNext(); ) { 
             String cparam = (String) i.next(); 
 85            idl.append(cparam); 
          } 
          return idl; 
    } 
 
 90   /** Gathers all direct superclasses of a class*/ 
    private IdList processParents(String cls) { 
          IdList idl = new IdList(); 
          Collection relationships = cd.getRelationships(); 
 
 95         for (Iterator i = relationships.iterator(); i.hasNext(); ) { 
              Relationship rel = (Relationship) i.next();       // check all relationships 
              if (rel.getEnd1().getClassName().equals(cls) )    // if generalisation see 
               if (rel.getEnd2().getKind().equals(SUPER))     // if the given class is superclass 
                   idl.append((rel.getEnd2()).getClassName()); // if yes, gather its successors 
100       else 
               if (rel.getEnd2().getClassName().equals(cls))  // do the same for the other rel. end 
                    if ( rel.getEnd1().getKind().equals(SUPER)) 
                     idl.append((rel.getEnd1()).getClassName()); 
          } 
105       return idl; 
    } 
 
    /** Translates all the attributes of a class */ 
    private void translateAttributes (UMLClass cls, ZPPClass zcls) { 
110 
          for (Iterator i = (cls.getAttributes()).iterator(); i.hasNext(); ) { 
              UMLAttribute att = (UMLAttribute) i.next(); 
             zcls.appendAttribute(translateAttribute(att, zcls));  // process each attribute and add 
          }                                                        // to Z++ class 
115   } 
 
   /** Translates an individual attribute */ 
    private ZPPAttribute translateAttribute (UMLAttribute att, ZPPClass zcls) { 
          ZPPAttribute zatt = new ZPPAttribute(att.getName()); // create att & get name from UML att 
120 
          zatt.setVisType(att.getVisType());                   // get also visibility 
         if (att.getInitValue() != null)                      // and initial value 
              zatt.setInitValue(att.getInitValue()); 
         if (att.getProperty().equals(CHANGEABLE))            // determine place of Z++ attribute 
125            zatt.setClause(OWNS); 
          else 
             zatt.setClause(FUNCTIONS); 
          if (att.getVisType().equals(PUBLIC))                 // make provisions for visibility 
            zcls.appendPublics(zatt.getName()); 
130         else if (att.getVisType().equals(PRIVATE)) 
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         zcls.appendHiddenFeatures(zatt.getName()); 

      zatt.setType(processType(att.getType(), zcls));      // and determine type of Z++ attribute 
     return zatt; 
    } 
135 
    /** Translates all the operations of a class */ 
    private void translateOperations (UMLClass cls, ZPPClass zcls) { 
          for (Iterator i = (cls.getOperations()).iterator(); i.hasNext(); ) { // check all ops. 
           UMLOperation op = (UMLOperation) i.next(); 
140            ZPPOperation zop = translateOperation(op, zcls);  // process each operation and add 
          zcls.appendOperation(zop);                        // to Z++ class 
          } 
    } 
 
145 
    /** Translates an individual operation of a class */ 
    private ZPPOperation translateOperation (UMLOperation op, ZPPClass zcls) { 
          ZPPOperation zop = new ZPPOperation(op.getName()); // create new op & get name from UML op 
 
150         zop.setVisType(op.getVisType());                     // get also visibility 
          if (op.getVisType().equals(PUBLIC))                  // make provisions for visibility 
              zcls.appendPublics(zop.getName()); 
          else if (op.getVisType().equals(PRIVATE)) 
            zcls.appendHiddenFeatures(zop.getName()); 
155    if (op.getProperty().equals(QUERY))                  // determine place of op. signature 
              zop.setClause(RETURNS); 
         else 
              zop.setClause(OPERATIONS); 
        processOpParameters(op, zop, zcls);                  // process parameters of operation 
160       processOpReturn(op.getRetType(), zop, zcls);         // and the operation return 
        return zop; 
    } 
 
    /** Process parameters of operation*/ 
165    private void processOpParameters(UMLOperation op , ZPPOperation zop, ZPPClass zcls ) { 
          for (Iterator i = (op.getParameters()).iterator(); i.hasNext(); ) { // check all params 
             UMLParameter param = (UMLParameter) i.next(); 
              String pname = param.getName();                             // get name and 
              String dir = param.getDir();                                  // direction of param 
170           String ztype = processType(param.getType(), zcls);            // determine Z++ type 
              if (dir.equals(IN)) {                                      // if direction is "in" 
                 (zop.getOpSignature()).appendInputDomain(ztype);            // append type to input 
                 (zop.getOpDefinition()).appendInputId(pname + QUESTION_MARK);// domain and decorated 
                                                              // name to input list 
175           } else if (dir.equals(OUT)) { 
                  (zop.getOpSignature()).appendOutputDomain(ztype);          // process "out" param 
                 (zop.getOpDefinition()).appendOutputId(pname + EXCLAM_MARK); 
 
               } else  { 
180             (zop.getOpSignature()).appendInputDomain(ztype);           // process "inout" param 
                (zop.getOpDefinition()).appendInputId(pname + QUESTION_MARK); 
                (zop.getOpSignature()).appendOutputDomain(ztype); 
                (zop.getOpDefinition()).appendOutputId(pname + EXCLAM_MARK); 
               } 
185         } 
    } 
 
  /** Interprets the operation's return type */ 
    private void processOpReturn(String opret, ZPPOperation zop, ZPPClass zcls ) { 
190    if (opret != null) { 
               String ztype = processType(opret, zcls);                    // determine Z++ type 
            if (!opret.equals(BOOLEAN) && !opret.equals(VOID)) { 
             (zop.getOpDefinition()).appendOutputId(RESULT);              // update op. definition 
             (zop.getOpSignature()).appendOutputDomain(ztype);             // and op. signature 
195        } 
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} 
 
/** Place operation signature and definition in appropiate clauses of Z++ class */ 

200 private void placeZPPOperations(ZPPClass zcls) { 
   for (Iterator i = (zcls.getZPPOperations()).iterator(); i.hasNext(); ) { 
      ZPPOperation zop = (ZPPOperation) i.next(); 
         if (zop.getClause() != null) { 
            if ((zop.getClause()).equals(RETURNS)) 

205                     zcls.appendReturns(zop.assembleSignature()); 
            else 
               zcls.appendOperations(zop.assembleSignature()); 
            zcls.appendActions(zop.assembleDefinition()); 
         } 

210            } 
    } 
 
/** Place attribute info in appropriate clauses of Z++ class */ 
private void placeZPPAttributes(ZPPClass zcls) { 

215    Statement st = new Statement(); 
   for (Iterator i = (zcls.getZPPAttributes()).iterator(); i.hasNext(); ) { 
      ZPPAttribute zatt = (ZPPAttribute) i.next(); 

 
             if ((zatt.getClause()).equals(OWNS)) {                       // OWNS or FUNCTIONS? 
220              zcls.appendOwns(zatt.assembleZPPAttribute(false)); 

            if (zatt.getInitValue() != null) {                   // check if init value 
               Statement stmt = zatt.assembleZPPAttAssignOwns();    // provided 
               ZPPOperation init = null; 
               if (zcls.isInitOpEmpty()) { 

225                       init = zcls.getInitOp(); 
                  init.setClause(OPERATIONS);                       // include init operation 
               }                                                   // in the class 
               ((zcls.getInitOp()).getOpDefinition()).appendCode(stmt); // append initialis. 
            }                                                       // to init code 

230           } else { 
           zcls.appendFunctions(zatt.assembleZPPAttribute(true)); 

         if (zatt.getInitValue() != null) { 
            if (st.size() == 0 ) st.addSeparator();               // construct axiomatic 
            Statement stmt = zatt.assembleZPPAttAssignFunctions();  // definition for 

235             st.updateStatement(stmt);                         // constant values 
         } 
      } 
   } 
 

240      if (st.size() > 0) { 
      zcls.appendFunctions(st); 
   } 
} 
/** Translates aggregations and compositions */ 

245    private void translateAggregation(Relationship rel){ 
   String whole = rel.getWholeName();                     // names of the classes 
   String part  = rel.getPartName(); 
   boolean mp = rel.whatPartMultiplicity() ;               // one = F, many = T 
   PPAttribute watt = new  ZPPAttribute();                 // attribute to be added 

250                                                                // to whole class 
   if (!mp) 
      watt.setNameType(lower(part), part); 
   else 
      watt.setNameType(lower(part) + "s", POWERSET + part); // multiplicity many 

255 
   ZPPClass zcls = zspec.getClass(whole); 
   zcls.appendAttribute(watt);                           // append att to whole class 
   zcls.appendOwns(watt.assembleZPPAttribute(false));     // and info in OWNS 
} 

260 
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   /** Translates associations */ 
    private void translateAssociation(Relationship rel){ 
 
       String relName = rel.getName(); 
265        String aName = (rel.getEnd1()).getClassName();           // names of the two classes 
          String bName = (rel.getEnd2()).getClassName(); 
          String typeLine = ""; 
 
          boolean ma = ((rel.getEnd1()).getMultiplicity()).whatMultiplicity();  // one = F, many = T 
270    boolean mb = ((rel.getEnd2()).getMultiplicity()).whatMultiplicity(); 
 
          ZPPAttribute zatt = new  ZPPAttribute();               // first attribute to be 
          zatt.setNameType(INSTANCESOF + aName, POWERSET + aName); // added  to 
          ZPPClass zcls = zspec.appendClass(upper(relName) + DESCR); // the class created to 
275    zcls.appendOwns(zatt.assembleZPPAttribute(false));       // describe the association 
 
          zatt =  new  ZPPAttribute(); 
          zatt.setNameType(INSTANCESOF + bName, POWERSET + bName); // second attribute 
          zcls.appendOwns(zatt.assembleZPPAttribute(false)); 
280 
          zatt =  new  ZPPAttribute();                            // third attribute 
          if (ma && mb) typeLine = aName + REL_SIGN + bName; 
          else if (!ma && mb) typeLine = bName + PFUNCTION + aName; 
          else typeLine = aName + PFUNCTION + bName; 
285         zatt.setNameType(lower(relName) + INSTANCES, typeLine); 
          zcls.appendOwns(zatt.assembleZPPAttribute(false)); 
 
          Statement stmt = new Statement();                      // constraint 
          stmt.addLine(DOMAIN + lower(relName) + INSTANCES + EQUAL + INSTANCESOF + aName); 
290    stmt.addLine(RANGE + lower(relName) + INSTANCES + EQUAL + INSTANCESOF + bName); 
          zcls.appendInvariant(stmt); 
 
          ZPPClass system = zspec.getClass(SYSTEM); 
          zatt =  new ZPPAttribute();                           // object descriptor for 
295         zatt.setNameType(THE + upper(relName) + DESCR, upper(relName) + DESCR); // the association 
          system.appendOwns(zatt.assembleZPPAttribute(false)); 
     } 
 
    /** Translates UML type to a Z++ type*/ 
300    private String processType(String type, ZPPClass zcls) { 
          if (type == null)                                        // type not provided, 
               return null;                                         // do nothing 
 
          if (type.indexOf("[") == -1)                            // process scalar type 
305       return  processScalarType(type, zcls); 
 
          String str = type.substring(type.indexOf("[") + 1, type.indexOf("]")); 
          if ((str.trim()).length() == 0)                          // if array type, add seq 
              return SEQ + "(" + processScalarType(type.substring(0,type.indexOf("[")), zcls) + ")"; 
310    return type;                                      // if generic type, keep unchanged 
      } 
 
  /** Interprets UML types expresssed in scalar form */ 
    private String processScalarType(String type, ZPPClass zcls) { 
315         if (type == null) 
              return null; 
 
         if (type.equals(NAT) || type.equals(BYTE))      // compare against recognised basic types 
             return NATURALS; 
320    if (type.equals(INT) || type.equals(INTEGER) || type.equals(LONG)) 
              return INTEGERS; 
        if (type.equals(REAL)|| type.equals(DOUBLE) || type.equals(FLOAT)) 
              return REALS; 
         if (type.equals(BOOLEAN)) 
325       return BOOL; 
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      if (type.equals(VOID)) 
        return VOID;                                     // compare with the formal 
      if (zcls.getCParams() != null)                     // parameters of the class, if any 
           if ((zcls.getCParams()).existsId(type)) 
330          return type; 
          if (cd.existsUMLRegClass(type))                    // compare with existing class types 
         return type; 
        if (zspec.getGivenSets() != null)                  // compare with existing given sets 
            if ((zspec.getGivenSets()).existsId(type.toUpperCase())) 
335          return type.toUpperCase(); 
        zspec.appendGivenSet(type.toUpperCase());          // if nothing found, create a given set 
          return type.toUpperCase(); 
    } 
 
340    /** Determines the type of a UML class */ 
    private String getCType(UMLClass cls) { 
          if (cls instanceof UMLParaBindClass) 
              if((((UMLParaBindClass) cls).getCType()).equals(PARA)) 
                return PARA; 
345            else 
                return BIND; 
         else 
             return REG; 
     } 
350 
    /** Helper operation that capitalises the first letter of a string */ 
    private String upper(String text) { 
          String first = text.substring(0,1); 
          return text = first.toUpperCase() + text.substring(1); 
355 } 
 
   /** Helper operation that makes lowercase the first letter of a string */ 
    private String lower(String text) { 
        String first = text.substring(0,1); 
360         return text = first.toLowerCase() + text.substring(1); 
    } 
      } 
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// 6.  ClassDiagram 
 
package fcd; 

 5 
import java.util.*; 
 
/** 
 * Models the UML class diagram provided as input to FCD. Contains both checks for well- 

10  * formedness and operations that implement parts of the translation to Z++ 
 */ 
public class ClassDiagram implements FCDConstants { 
 
   private String name;                                          // Contents of class diagram: 

15    private Collection classes = new ArrayList();                 // classes 
   private Collection relationships = new ArrayList();           // and relationships 
 
   // Data access operations 

 
20    public void setName(String name) { 

      this.name = name; 
   } 
 
   public String getName() { 

25          return name; 
   } 
   public Collection getRelationships () { 
      return relationships; 
   } 

30       public Collection getClasses() { 
      return classes; 
   } 
 
   public UMLClass getUMLClass(String className) { 

35          UMLClass cls = null; 
      for (Iterator i = classes.iterator(); i.hasNext(); ) { 
         cls = (UMLClass) i.next(); 
         if ((cls.getName()).equals(className)) 
            break; 

40       } 
       return cls; 
   } 
 
   public UMLClass getUMLClass(int index) { 

45             return (UMLClass) ((ArrayList) classes).get(index); 
   } 
 
   public boolean existsUMLRegClass(String className) { 
      boolean found = false; 

50       UMLClass cls = null; 
      for (Iterator i = classes.iterator(); i.hasNext(); ) { 
         cls = (UMLClass) i.next(); 
         if ( !(cls instanceof UMLParaBindClass) && ((cls.getName()).equals(className)) ) { 
            found = true; 

55           break; 
         } 
      } 
      return found; 
   } 

60 
   // Utilities needed by the parser for populating the class diagram with components 

 
   public UMLClass createClass() { 
      UMLClass cls = new UMLClass(); 

65             classes.add(cls); 
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   return cls; 
   } 
 
   public UMLParaBindClass createUMLParaBindClass() { 

70          UMLParaBindClass cls = new UMLParaBindClass(); 
      classes.add(cls); 
      return cls; 
   } 
 

75    public Relationship createRelationship() { 
      Relationship rel = new Relationship(); 
      relationships.add(rel); 
      return rel; 
   } 

80 
   /** Prints contents of class diagram */ 
   public void printClassDiagram() { 
      Logger.log("CD title = " + name); 
      for (Iterator i = classes.iterator(); i.hasNext(); ) { 

85             UMLClass cls = (UMLClass) i.next(); 
         cls.printUMLClass(); 
         } 
      for (Iterator i = relationships.iterator(); i.hasNext(); ) { 
         Relationship rel = (Relationship) i.next(); 

90      rel.printRelationship(); 
      } 
  } 
} 

 
95 
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// 7. UMLClass 
package fcd; 
 

 5 import java.util.*; 
 
/** Models regular UML classes; superclass of UMLParaBind class */ 
public class UMLClass implements FCDConstants{ 
   protected String name; 

10 
   protected Collection attributes = new ArrayList(); 
   protected Collection operations = new ArrayList(); 
 
   // Data access methods 

15 
   public void setName(String name) { 
      this.name = name; 
   } 
 

20       public String getName() { 
      return name; 
   } 
 
   public Collection getAttributes() { 

25          return attributes; 
   } 
 
   public Collection getOperations() { 
      return operations; 

30     } 
 
   // Utility methods needed by the parser 
 
   public UMLAttribute createAttribute() { 

35    UMLAttribute att = new UMLAttribute(); 
      attributes.add(att); 
      return att; 
   } 
 

40       public UMLOperation createOperation() { 
      UMLOperation op = new UMLOperation(); 
      operations.add(op); 
      return op; 
   } 

45 
   /** Verifies names of attributes within the class */ 
   public boolean checkAttributeNamesUnique() { 
      boolean ret = true; 
      Set s = new TreeSet(); 

50             for (Iterator i = attributes.iterator(); i.hasNext(); ) { 
         UMLAttribute att = (UMLAttribute) i.next(); 
         String unq = att.getName(); 
         if (!s.add(unq)) { 
            Logger.log("CD Syntax Error: Duplicate attribute name detected: " + unq + 

55                        " for class " + getName()); 
            ret = false; 
         } 
      } 
      for (Iterator i = operations.iterator(); i.hasNext(); ) { 

60          UMLOperation op = (UMLOperation) i.next(); 
         String unq = op.getName(); 
         if (!s.add(unq)) { 
            Logger.log("CD Syntax Error: Duplicate attribute/operation name detected: " + 

65                         unq + " for class " + getName()); 
            ret = false; 
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    } 
      } 
      return ret; 
   } 

 70    /** Verifies names of operations within the class */ 
   public boolean checkOperationNamesUnique() { 
      boolean ret = true; 
      Set s = new TreeSet(); 
      for (Iterator i = operations.iterator(); i.hasNext(); ) { 

 75          UMLOperation op = (UMLOperation) i.next(); 
         String unq = op.getName(); 
         if (!s.add(unq)) { 
            Logger.log("CD Syntax Error: Duplicate operation name detected: " + unq + 
                       " for class " + getName()); 

 80               ret = false; 
         } 
      } 
      for (Iterator i = attributes.iterator(); i.hasNext(); ) { 
         UMLAttribute att = (UMLAttribute) i.next(); 

 85        String unq = att.getName(); 
         if (!s.add(unq)) { 
            Logger.log("CD Syntax Error: Duplicate operation/attribute name detected: " +   
                        unq + " for class " + getName()); 
            ret = false; 

 90          } 
      } 
      return ret; 
   } 
 

 95    /** Verifies names of operation parameters */ 
   public boolean checkOpParamNamesUnique() { 
      boolean ret = true; 
      for (Iterator i = operations.iterator(); i.hasNext(); ) { 
         UMLOperation op = (UMLOperation) i.next(); 

100               if (!op.checkOpParamNamesUnique(name)) 
            ret = false; 
      } 
      return ret; 
   } 

105 
   /** Prints contents of the class */ 
   public void printUMLClass() { 
      Logger.log("UMLClass name = " + name); 
      for (Iterator i = attributes.iterator(); i.hasNext(); ) { 

110       UMLAttribute att = (UMLAttribute) i.next(); 
         att.printUMLAttribute(); 
      } 
      for (Iterator i = operations.iterator(); i.hasNext(); ) { 
         UMLOperation op = (UMLOperation) i.next(); 

115          op.printOperation(); 
      } 
      Logger.separator(); 
   } 
} 
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// 8. UMLParaBind 
 
package fcd; 

 5 
import java.util.*; 
 
/** Models UML parameterised and binding classes */ 
public class UMLParaBindClass extends UMLClass{ 

10 
   private Collection classParameters = new ArrayList(); 
 
   private String reducedName;                     // T[params] is the name of the class 
                                                   // and T is its reduced name 

15    private String ctype;                           // distinction para/bind specified here 
 
   // Data access methods 
 
   public String getName() { 

20         return name; 
   } 
 
   public String getReducedName() { 
      return reducedName; 

25    } 
 
   public void setCType(String ctype) { 
      this.ctype = ctype; 
   } 

30 
   public String getCType() { 
      return ctype; 
   } 
 

35    public Collection getClassParameters() { 
      return classParameters; 
   } 
 
   public void setNameAndParameters(String name) { 

40       this.name = name; 
      reducedName = name.substring(0, name.indexOf('[')); 
      assembleParameters(); 
   } 
 

45    /** Assemble the parameters of the class for external representation */ 
   private void assembleParameters() { 
      String param = null; 
      String params = name.substring(name.indexOf('[') + 1, name.indexOf(']')); 
      while (true) { 

50          if (params.indexOf(',') == -1) { 
            param = params; 
            classParameters.add(param); 
            break; 
         } else { 

55             param = params.substring(0, params.indexOf(',')); 
            params = params.substring(params.indexOf(',')+1); 
            classParameters.add(param); 
         } 
      } 

60    } 
 
   /** Prints contents of the class */ 
   public void printUMLClass() { 
      Logger.log("Class reduced name = " + reducedName + " type = " + ctype); 

65       Logger.logLine("Class parameters ="); 
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   for (Iterator i = classParameters.iterator(); i.hasNext(); ) { 

               Logger.logLine(" " + (String) i.next()); 
          } 
            Logger.log(""); 
 70         super.printUMLClass(); 
         } 
      } 
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// 9. UMLAttribute 
 
package fcd; 

 5 
/* Models attributes of classes from the UML space */ 
public class UMLAttribute { 
 
   private String name;                                     // attribute structure 

10       private String type; 
   private String visType; 
   private String initValue; 
   private String property; 
 

15 // Data access methods 
 
   public void setName(String name) { 
      this.name = name; 
   } 

20 
   public String getName() { 
      return name; 
   } 
 

25    public void setType(String type) { 
      if (!type.equals("null")) 
         this.type = type; 
   } 
 

30    public String getType() { 
      return type; 
   } 
 
   public void setVisType(String visType) { 

35            this.visType = visType; 
   } 
 
   public String getVisType() { 
      return visType; 

40    } 
 
   public void setProperty(String property) { 
      this.property = property; 
   } 

45 
   public String getProperty() { 
      return property; 
   } 
 

50    public void setInitValue(String initValue) { 
      if (!initValue.equals("null")) 
         this.initValue = initValue; 
   } 
 

55    public String getInitValue() { 
      return initValue; 
   } 
 
   /** Prints contents of attribute */ 

60    public void printUMLAttribute() { 
      StringBuffer buf = new StringBuffer("Attribute name: " + name); 
      if (type != null) { 
         buf.append("\n          type: "); 
         buf.append(type); 

65             } 
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       buf.append("\n          visType: "); 
       buf.append(visType); 
       buf.append("\n          property: "); 
       buf.append(property); 

70   if (initValue != null) { 
            buf.append("\n          initValue: "); 
            buf.append(initValue); 
       } 
        String out = buf.toString(); 
       Logger.log(out); 
     } 
  } 
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// 10. UMLOperation 

 
package fcd; 

 5  
import java.util.*; 

 
/** Models operation of classes from the UML space */ 
public class UMLOperation { 

10 
    private String name;                                     // operation structure 
    private String visType; 
    private String retType; 
    private String property; 
15 private Collection parameters = new ArrayList(); 
  
    // Data access methods 
 
    public void setName(String name) { 
20    this.name = name; 
    } 
 
    public String getName() { 
          return name; 
25 } 
 
    public void setVisType(String visType) { 
          this.visType = visType; 
    } 
30 
    public String getVisType() { 
          return visType; 
    } 
 
35 public void setRetType(String retType) { 
          if (!retType.equals("null")) 
            this.retType = retType; 
    } 
 
40 public String getRetType() { 
          return retType; 
    } 
 
    public void setProperty(String property) { 
45       this.property = property; 
    } 
 
    public String getProperty() { 
          return property; 
50 } 
 
    public Collection getParameters() { 
          return parameters; 
    } 
55 
    // Utility method needed during parsing 
 
    public UMLParameter createParameter() { 
          UMLParameter param = new UMLParameter(); 
60          parameters.add(param); 
            return param; 
    } 
 
    /** Verifies that names of operation parameters are unique */ 
65    public boolean checkOpParamNamesUnique(String className) { 
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      boolean ret = true; 
      Set s = new TreeSet(); 
 
      for (Iterator i = parameters.iterator(); i.hasNext(); ) { 

 70          UMLParameter pm = (UMLParameter) i.next(); 
         String unq = pm.getName(); 
         if (!s.add(unq)) { 
            Logger.log("CD Syntax Error: Duplicate parameter name detected: " + unq + 
                       " for operation: "+ name + " in class " + className); 

 75             ret = false; 
          } 

      } 
      return ret; 
   } 

 80 
   /** Prints contents of operation */ 
   public void printOperation() { 
      StringBuffer buf = new StringBuffer("Operation name: " + name); 
      buf.append("\n          visType: "); 

 85       buf.append(visType); 
      if (retType != null) { 
         buf.append("\n          retType: "); 
         buf.append(retType); 
      } 

 90       buf.append("\n          property: "); 
      buf.append(property); 
      String out = buf.toString(); 
      Logger.log(out); 
 

 95       for (Iterator i = parameters.iterator(); i.hasNext(); ) { 
         UMLParameter param = (UMLParameter) i.next(); 
         param.printParameter(); 
      } 
   } 

100 } 
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// 11. UMLParameter 

  
package fcd; 

 5 
public class UMLParameter { 
 
   private String name; 
   private String type; 

10       private String dir; 
 
   // Data access methods 
 
   public void setName(String name) { 

15       this.name = name; 
   } 
 
   public String getName() { 
      return name; 

20    } 
 
   public void setType(String type) { 
      this.type = type; 
   } 

25 
   public String getType() { 
      return type; 
   } 
 

30    public void setDir(String dir) { 
      this.dir = dir; 
   } 
 
   public String getDir() { 

35           return dir; 
   } 
 
   /** Prints contents of parameter */ 
   public void printParameter() { 

40       StringBuffer buf = new StringBuffer("Parameter name: " + name); 
      buf.append("\n          type: "); 
      buf.append(type); 
      buf.append("\n          dir: "); 
      buf.append(dir); 

45             String out = buf.toString(); 
      Logger.log(out); 
   } 
} 
 
 



 333
 
 
 
 
 Relationship.java                       page 1 of 4 

 
 
 

 
 
// 12. Relationship 

 
package fcd; 

  5 
/** Models binary relationship between classes */ 
public class Relationship implements FCDConstants { 

 
       private String name; 
 10    private RelationshipEnd end1; 
       private RelationshipEnd end2; 
 
       // Data access methods 
 
 15    public void setName(String name) { 
             if (!name.equals("null")) 
             this.name = name; 
       } 
 
 20    public String getName() { 
             return name; 
       } 
 
       public void setEnd1(RelationshipEnd end) { 
 25            this.end1 = end; 
       } 
 
       public RelationshipEnd getEnd1() { 
             return end1; 
 30      } 
 
       public void setEnd2(RelationshipEnd end) { 
             this.end2 = end; 
       } 
 35 
       public RelationshipEnd getEnd2() { 
             return end2; 
       } 
 
 40      public String getWholeName() { 
             if (isAggregation()) { 
                 if ((end1.getKind()).equals(AGGREG)) 
                    return end1.getClassName(); 
                 else 
 45           return end2.getClassName(); 
             } 
             return null; 
       } 
 
 50    public String getPartName() { 
             if (isAggregation()) { 
                  if ((end1.getKind()).equals(AGGREG)) 
                     return end2.getClassName(); 
               else 
 55          return end1.getClassName(); 
             } 
             return null; 
       } 
 
 60 
       /** Determines the kind of the relationship */ 
       public String getRelationshipKind() { 
             if (isAssociation()) 
                  return ASSOCIATION; 
 65          else if (isAggregation()) 
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             return AGGREGATION; 
            else if (isComposition()) 
                 return COMPOSITION; 
            else if (isGeneralisation()) 
 70             return GENERALISATION; 
            else 
               return INSTANTIATION; 
       } 
 
 75    /** Checks if two given classes are the ones involved in the relationship */ 
       public boolean hasClassEnds(String classNameA, String classNameB) { 
           return ((end1.getClassName()).equals(classNameA) && 
                     (end2.getClassName()).equals(classNameB)) || 
                       ((end2.getClassName()).equals(classNameA) && 
 80                  (end1.getClassName()).equals(classNameB)); 
       } 
 
       /** Determines the multiplicity of the whole end of composition (one or many) */ 
       public boolean whatWholeMultiplicity() { 
 85          if ((end1.getKind()).equals(AGGREG)) 
                 return (end1.getMultiplicity()).whatMultiplicity(); 
             else 
           return (end2.getMultiplicity()).whatMultiplicity(); 
       } 
 90 
       /** Determines the multiplicity of an aggregation end */ 
        public boolean whatPartMultiplicity() { 
             if ((end1.getKind()).equals(AGGREG)) 
                return (end2.getMultiplicity()).whatMultiplicity(); 
 95          else 
              return (end1.getMultiplicity()).whatMultiplicity(); 
       } 
 
       // Operations to determine if the relationship is of a given kind */ 
100 
       public boolean isAssociation(){ 
             return (end1.getKind()).equals(ASSOC) && (end2.getKind()).equals(ASSOC); 
       } 
 
105    public boolean isAggregation(){ 
             return ((end1.getKind()).equals(AGGREG) && (end2.getKind()).equals(NONE)) || 
                     ((end1.getKind()).equals(NONE) && (end2.getKind()).equals(AGGREG)); 
       } 
 
110    public boolean isComposition(){ 
             return ((end1.getKind()).equals(COMP) && (end2.getKind()).equals(NONE)) || 
                      ((end1.getKind()).equals(NONE) && (end2.getKind()).equals(COMP)); 
       } 
 
115    public boolean isInstantiation(){ 
             return ((end1.getKind()).equals(GENERIC) && (end2.getKind()).equals(NONE)) || 
                     ((end1.getKind()).equals(NONE) && (end2.getKind()).equals(GENERIC)); 
       } 
 
120    public boolean isGeneralisation(){ 
             return ((end1.getKind()).equals(SUPER) && (end2.getKind()).equals(NONE)) || 
                     ((end1.getKind()).equals(NONE) && (end2.getKind()).equals(SUPER)); 
       } 
 
125    /** Determines if the relationship is of a given kind */ 
       public boolean isRelationshipKind(String endKind){ 
             return ((end1.getKind()).equals(endKind) && (end2.getKind()).equals(NONE)) || 
                  ((end1.getKind()).equals(NONE) && (end2.getKind()).equals(endKind)); 
       } 
130 
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        /** Verifies that the two ends of the relationship are correctly formed */ 
   public boolean checkEnds() { 

             boolean ret = true; 
 
135          if (((end1.getKind()).equals(ASSOC) && !(end2.getKind()).equals(ASSOC))|| // association 
              (!(end1.getKind()).equals(ASSOC) && (end2.getKind()).equals(ASSOC))) { 
                Logger.log("CD SYNTAX ERROR: Incorrect association ends (" + 
                              end1.getKind() + ", " + end2.getKind() + ")"); 
              ret = false; 
140          } 
 
             if (((end1.getKind()).equals(AGGREG) && !(end2.getKind()).equals(NONE))|| // aggregation 
           (!(end1.getKind()).equals(NONE) && (end2.getKind()).equals(AGGREG))) { 
                  Logger.log("CD SYNTAX ERROR: Incorrect aggregation ends (" + 
145                          end1.getKind() + ", " + end2.getKind() + ")"); 
                  ret = false; 
             } 
 
             if (((end1.getKind()).equals(COMP) && !(end2.getKind()).equals(NONE))||  // composition 
150                (!(end1.getKind()).equals(NONE) && (end2.getKind()).equals(COMP))) { 
            Logger.log("CD SYNTAX ERROR: Incorrect composition ends (" + 
                              end1.getKind() + ", " + end2.getKind() + ")"); 
                  ret = false; 
             } 
155 
             if (((end1.getKind()).equals(SUPER) && !(end2.getKind()).equals(NONE))|| // generalis. 
                  (!(end1.getKind()).equals(NONE) && (end2.getKind()).equals(SUPER))) { 
                 Logger.log("CD SYNTAX ERROR: Incorrect generalisation ends (" + 
                              end1.getKind() + ", " + end2.getKind() + ")"); 
160              ret = false; 
             } 
 
             if (((end1.getKind()).equals(GENERIC) && !(end2.getKind()).equals(NONE))|| // instant. 
                 (!(end1.getKind()).equals(NONE) && (end2.getKind()).equals(GENERIC))) { 
165              Logger.log("CD SYNTAX ERROR: Incorrect instantiation ends (" + 
                     end1.getKind() + ", " + end2.getKind() + ")"); 
                 ret = false; 
             } 
 
170          return ret; 
       } 
 
       /** Verifies that a name is given to an association */ 
       public boolean checkAssociationHasName() { 
175          boolean ret = true; 
             if (((end1.getKind()).equals(ASSOC)) && (name == null)) { 
                Logger.log("CD SYNTAX ERROR: Association without name detected"); 
                ret = false; 
             } 
180 
          return ret; 
       } 
 
       /** Verifies that the whole part of composition has multiplicity one */ 
185    public boolean checkCompositionMultOne() { 
             boolean ret = true; 
             if (((end1.getKind()).equals(COMP)) && !(end1.getMultiplicity().isMultiplicityOne()) 
                || ((end2.getKind()).equals(COMP)) && !(end2.getMultiplicity().isMultiplicityOne())){ 
 
190            Logger.log("CD SYNTAX ERROR: Multiplicity of whole part of composition not 1"); 
              ret = false; 
             } 
 
             return ret; 
195     } 
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   /** Verifies that both ends of the relationship have multiplicity one */ 
   public boolean checkRelationshipMultOne(String endKind, String relKind) { 
      boolean ret = true; 

200 
      if ( 
           ((((end1.getKind()).equals(endKind)) || ((end2.getKind()).equals(endKind)) ) && 

                     !((end1.getMultiplicity().isMultiplicityOne()) &&          
                       (end2.getMultiplicity().isMultiplicityOne())) 

         )){ 
205 
                  Logger.log("CD SYNTAX ERROR: Multiplicity of "+ relKind + " end not 1"); 

         ret = false; 
      } 
 

210       return ret; 
   } 
 
   /** Prints contents of relationship */ 
   public void printRelationship() { 

215           Logger.separator(); 
      if (name != null) 
         Logger.log("Relationship name = " + name); 
      Logger.log("Relationship end1 = "); 
      end1.printRelationshipEnd(); 

220       Logger.log("Relationship end2 = "); 
      end2.printRelationshipEnd(); 
   } 
} 
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// 13. RelationshipEnd 
 
package fcd; 

 5 
import java.util.*; 
 
/** Models the ends of the relationships */ 
public class RelationshipEnd { 

10 
   private String kind; 
   private String className; 
   private Multiplicity multiplicity; 
 

15          // Data access methods 
 
   public void setKind(String kind) { 
      this.kind = kind; 
   } 

20 
   public String getKind() { 
      return kind; 
   } 
 

25         public void setClassName(String className) { 
      this.className = className; 
   } 
 
   public String getClassName() { 

30       return className; 
   } 
 
   public Multiplicity getMultiplicity() { 
      return multiplicity; 

35    } 
 
   /** Utility method needed during parsing */ 
   public Multiplicity createMultiplicity() { 
      multiplicity = new Multiplicity(); 

40       return multiplicity; 
   } 
 
   /** Verifies the validity of the end's multiplicity */ 
   public boolean checkMultiplicity() { 

45       return multiplicity.isWellFormedMultiplicity(); 
   } 
 
   /** Prints contents of relationship end */ 
   public void printRelationshipEnd() { 

50       StringBuffer buf = new StringBuffer("Relationship end:"); 
      buf.append("\n          kind: "); 
      buf.append(kind); 
      buf.append("\n          class name: "); 
      buf.append(className); 

55       String out = buf.toString(); 
      Logger.log(out); 
      multiplicity.printMultiplicity(); 
   } 
} 

60 
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// 14. Multiplicity 
 
package fcd; 

 5 import java.util.*; 
 
/** Models the multiplicity constraint attached to a relationship end*/ 
public class Multiplicity { 
   private Collection ranges = new ArrayList(); 

10 
  /** Utility method needed during parsing */ 
   public Range createRange() { 
      Range range = new Range(); 
      ranges.add(range); 

15       return range; 
   } 
 
   /* Determines if the multiplicity is one or many */ 
   public boolean whatMultiplicity(){                       // false = one, true = many 

20             if (isMultiplicityMany()) 
         return true; 
      else 
         return false; 
   } 

25 
   /** Checks that the multiplicity has the form : [a(1)..b(1), a(2)..b(2), a(K)..b(K)] 
       where K > 0,  a(i) >= 0, b(0) > 0, a(i) <= b(i), 0 <= i <= K, 
       and b(i) < a(i+1), 0 <= i <= K-1 */ 
   public boolean isWellFormedMultiplicity() { 

30       boolean ret = true; 
      int size =  ranges.size(); 
      int bsaved = 0; 
      int i = 0; 
 

35       while (ret && (i < size)) {                                  // check all ranges as long 
                                                                   // as long as no error 
         int a=0; 
         int b=0; 
 

40          Range range = (Range) ((ArrayList) ranges) .get(i); 
         String begin = range.getBegin(); 
         String end = range.getEnd(); 
 
         try { 

45             a =  Integer.parseInt(begin);                          // ai must be numbers 
            if (a >= 0) {                                          // greater or equal to zero 
               if (i > 0) { 
                  if (a  <= bsaved){                               // a(i+1) > b(i) ? 
                     Logger.log("CD SYNTAX ERROR: Multiplicity interrange improperly formed "  

50                                       + "(end " + bsaved + " and next begin " + a + ")"); 
                     ret = false; 
                  } 
                } 
               try { 

55    b =  Integer.parseInt(end);             // b(i) must be numbers except 
                  if ( b >= 1) {                            // for b(K) which may be * 
                     if ( b >= a) {                         // a(i) <= b(i) ? 
                        bsaved = b; 
                        i++;                               // so far, so good; check next 

60              } else {                             // a(i) > b(i) 
                        Logger.log("CD SYNTAX ERROR: Multiplicity range improperly formed " + 
                                   "(end " + a + " and begin " + b + ")"); 
                        ret = false; 
                     } 

65   } else {                                 // all b(i) must be > 0 
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                        Logger.log("CD SYNTAX ERROR: End of multiplicity range less " + 
                                " than 1 (" + b + ")"); 
                       ret = false; 

   }  
 70         } catch (Exception x) { 

                  if (!((i == size-1) && (end.equals("*")))) {     // only b(K) may be "*" 
                     Logger.log("CD SYNTAX ERROR: End of multiplicity range not a number (" + 
                                 end + ")"); 
                     ret = false; 

 75              } 
                  i++; 
               } 
            } else {                                               // a(i) < 0 
               Logger.log("CD SYNTAX ERROR: Negative number in beginning of multiplicity " + 

 80            "range (" +  begin + ")"); 
               ret = false; 
            } 
         } catch (Exception x) {                                    // a(i) not a number 
               Logger.log("CD SYNTAX ERROR: Beginning of multiplicity range not a number (" + 

 85                    begin + ")" ); 
               ret = false; 
         } 
      } 
      return ret; 

 90    } 
 
   /** Checks if multiplicity is "one" -- given as range (1 .. 1) */ 
   public boolean isMultiplicityOne(){ 
      return (ranges.size() == 1) && ((Range) ((ArrayList) ranges) .get(0)). isOne(); 

 95    } 
 
   /** Checks if multiplicity is "many" */ 
   public boolean isMultiplicityMany(){ 
      return (ranges.size() > 1) || ((Range) ((ArrayList) ranges) .get(0)). isMany(); 

100    } 
 
   /** Prints contents of multiplicity */ 
   public void printMultiplicity() { 
      Logger.log("Ranges: " + ranges.size()); 

105       for (Iterator i = ranges.iterator(); i.hasNext(); ) { 
         Range range = (Range) i.next(); 
         range.printRange(); 
      } 
   } 

110 } 
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// 15. Range 

 
package fcd; 

 5 
/** Models ranges of values; used for expressing multiplicity constraints */ 
public class Range { 

       private String begin; 
       private String end; 
10 
    // Data access methods 
    public void setBegin(String begin) { 
          this.begin = begin; 
    } 
15   public String getBegin() { 
          return begin; 
    } 
    public void setEnd(String end) { 
          this.end = end; 
20    } 
    public String getEnd() { 
          return end; 
    } 
 
25    /** Checks if range is "one", i.e., (1 .. 1) */ 
    public boolean isOne() { 
        boolean ret = true; 
          try { 
               int b =  Integer.parseInt(begin); 
30             int e =  Integer.parseInt(end); 
              if (b != 1 || e != 1) 
                 ret = false; 
             } catch (Exception e) { 
               ret = false; 
35          } 
          return ret; 
    } 
    /** Checks if range is "zero or one", i.e. (0..1) or (1..1) */ 
    public boolean isZeroOrOne() { 
40          return !isMany(); 
    } 
 
    /** Checks if range indicates a "many" multiplicity; i.e., neither (0 .. 1) nor (1 .. 1) */ 
     public boolean isMany() { 
45         boolean ret = true; 
          try { 
              int b = Integer.parseInt(begin); 
             int e = Integer.parseInt(end); 
              if ((b == 0 || b == 1) && (e == 1)) 
50               ret = false; 
       } catch (Exception e) { 
          ret = false; 
       } 
       return ret; 
55    } 
    /** Prints contents of range */ 
    public void printRange() { 
          StringBuffer buf = new StringBuffer("Range begin =  "); 
          buf.append(begin); 
60          buf.append(" .. end = "); 
          buf.append(end); 
          String out = buf.toString(); 
          Logger.log(out); 
    } 
65   } 
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// 16. ZPPSpec 
 
package fcd; 

 5 
import java.util.*; 
 
/** Models a Z++ specification */ 
public class ZPPSpec implements FCDConstants { 

10    private String name; 
   private IdList givenSets;                                         // given sets 
   private StatementList globalDeclarations;                         // global declarations 
   private Collection classes;                                       // all other classes 
   private StatementList hidingOps;                                  // hiding operations on 

15                                                                      // classes 
   public ZPPSpec() { 
      this(null); 
   } 
 

20    public ZPPSpec(String name) { 
      this.name = name; 
      appendClass(SYSTEM); 
   } 
 

25    // Data access methods 
 
   public void setName(String name) { 
      this.name = name; 
   } 

30    public String getName() { 
      return name; 
   } 
 
   public IdList getGivenSets() { 

35       return givenSets; 
   } 
 
   public Collection getClasses() { 
      return classes; 

40    } 
 
   public ZPPClass getClass(String className) { 
      ZPPClass zcls = null; 
      for (Iterator i = classes.iterator(); i.hasNext(); ) { 

45          zcls = (ZPPClass) i.next(); 
         if ((zcls.getName()).equals(className)) 
            break; 
      } 
       return zcls; 

50    } 
 
   // Append operations for the parts of the specification used in automated formalisation 
 
   public ZPPClass appendClass(String name) { 

55       ZPPClass cls = new ZPPClass(name); 
      if (classes == null) 
         classes = new ArrayList(); 
      classes.add(cls); 
      return cls; 

60    } 
 
    public void appendGivenSet(String givenSet) { 
      if (givenSets == null) 
         givenSets   = new IdList(); 

65       givenSets.append(givenSet); 
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    } 
 
   public void appendHidingOps(Statement stmt) { 
      if (hidingOps == null) 

70          hidingOps = new StatementList(); 
      hidingOps.append(stmt); 
   } 
 
   /** Prints contents of ZPP specification */ 

75    public void printZPPSpecification() { 
      if (givenSets != null) 
         Logger.log("[" + givenSets.listIds() + "]");                // given sets 
      for (Iterator i = classes.iterator(); i.hasNext(); ) { 
         ZPPClass cls = (ZPPClass) i.next(); 

80          cls.printZPPClass();                                        // classes 
      } 
      Logger.log(""); 
      if (hidingOps != null) { 
         ArrayList statements = hidingOps.getStatements(); 

85          int size = statements.size(); 
         for (int i = 0; i < size; i++ ) { 
            Statement stmt = (Statement) statements.get(i); 
            Logger.log(stmt.listLines(0));                           // hiding operations 
         } 

90       } 
   } 
} 
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/ 17. ZPPClass 
 
package fcd; 

  5 
import java.util.*; 
 
/** Models a Z++ class */ 
public class ZPPClass implements FCDConstants { 

 10                                                            // 'external' representation 
   private String name;                               // class name 
   private IdList cparams;                            // class parameters 
   private IdList zextends;                           // EXTEND clause 
   private IdList publics;                            // PUBLICS 

 15    private StatementList types;                       // TYPES 
   private StatementList functions;                   // FUNCTIONS 
   private StatementList owns;                        // OWNS 
   private StatementList operations;                  // OPERATIONS 
   private StatementList returns;                     // RETURNS 

 20    private StatementList actions;                     // ACTIONS 
   private StatementList invariant;                   // INVARIANT 
   private StatementList history;                     // HISTORY 
 
   private Collection zppAttributes;                  // 'internal' representation 

 25    private Collection zppOperations;                  // attributes, operations 
   private IdList hiddenFeatures;                     // and the list of hidden features 
 
   // Constructors 
   public ZPPClass() { 

 30       this(null); 
   } 
   public ZPPClass(String name) { 
      if(name != null) setName(name); 
      ZPPOperation zop = new ZPPOperation("init"); 

 35       zop.setStar(true); 
      appendOperation(zop); 
   } 
 
   // Data access methods 

 40       public void setName(String name) { 
      this.name = name; 
   } 
   public String getName() { 
      return name; 

 45    } 
 
   public void setCParams(IdList idl) { 
      if(cparams == null) 
         cparams = new IdList(); 

 50       cparams.setItems(idl); 
   } 
 
   public IdList getCParams() { 
      return cparams; 

 55    } 
 
   public void setExtends(IdList idl) { 
      if(zextends == null) 
         zextends = new IdList(); 

 60       zextends.setItems(idl); 
   } 
 
   public Collection getZPPAttributes() { 
      return zppAttributes; 

 65    } 
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    public Collection getZPPOperations() { 
      return zppOperations; 
   } 

 70 
   public IdList getHiddenFeatures() { 
      return hiddenFeatures; 
   } 
 

 75    // Append operations for those clauses used in the formalisation process 
   public void appendPublics(String feature) { 
      if( publics == null) 
         publics = new IdList(); 
      publics.append(feature); 

 80    } 
 
   public void appendFunctions(Statement stmt) { 
      if (functions == null) 
         functions = new StatementList(); 

 85    functions.append(stmt); 
   } 
 
   public void appendOwns(Statement stmt) { 
      if (owns == null) 

 90          owns = new StatementList(); 
      owns.append(stmt); 
   } 
 
   public void appendReturns(Statement stmt) { 

 95       if (returns == null) 
         returns = new StatementList(); 
      returns.append(stmt); 
   } 
 

100    public void appendOperations(Statement stmt) { 
      if( operations == null) 
         operations = new StatementList(); 
      operations.append(stmt); 
   } 

105 
   public void appendActions(Statement stmt) { 
      if (actions == null) 
         actions = new StatementList(); 
      actions.append(stmt); 

110    } 
 
    public void appendHiddenFeatures(String feature) { 
      if( hiddenFeatures == null) 
         hiddenFeatures = new IdList(); 

115 
      hiddenFeatures.append(feature); 
   } 
 
   public void appendAttribute(ZPPAttribute zatt) { 

120       if (zppAttributes == null) 
          zppAttributes = new ArrayList(); 
      zppAttributes.add(zatt); 
   } 
 

125    public void appendOperation(ZPPOperation zop) { 
      if (zppOperations == null) 
          zppOperations = new ArrayList(); 
      zppOperations.add(zop); 
   } 

130 
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    public void appendInvariant(Statement stmt) { 
      if (invariant == null) 
         invariant = new StatementList(); 
      invariant.append(stmt); 

135    } 
 
   public ZPPOperation getInitOp() { 
      ZPPOperation zop = null; 
      for (Iterator i = zppOperations.iterator(); i.hasNext(); ) { 

140          zop = (ZPPOperation) i.next(); 
         if ((zop.getName()).equals("init")) 
            break; 
      } 
      return zop; 

145    } 
 
    public boolean isInitOpEmpty() { 
      if ((getInitOp()).getClause() == null) 
         return true; 

150       return false; 
   } 
 
 /** Prints contents of class */ 
   public void printZPPClass() { 

155       Logger.separator(); 
      Logger.logLine("CLASS " + name + " ");                     // name 
      if (cparams != null) 
         Logger.logLine("[" + cparams.listIds() + "] ");       // formal parameters, if any 
 

160       if (zextends != null && zextends.getItems() != null )      // EXTENDS 
         Logger.log(EXTENDS + " " + zextends.listIds() + " "); 
      else 
         Logger.log(""); 
 

165       Logger.logZPPListClause(PUBLICS, publics); 
      Logger.logZPPStmtClause(TYPES, types, 3); 
      Logger.logZPPStmtClause(FUNCTIONS, functions, 3); 
      Logger.logZPPStmtClause(OWNS, owns, 0); 
      Logger.logZPPStmtClause(RETURNS, returns, 0); 

170       Logger.logZPPStmtClause(OPERATIONS, operations, 0); 
      Logger.logZPPStmtClause(INVARIANT, invariant, 0); 
      Logger.logZPPStmtClause(ACTIONS, actions, 0); 
      Logger.logZPPStmtClause(HISTORY, history, 0); 
      Logger.log("END CLASS"); 

175    } 
} 
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// 18. ZPPAttribute 
 
package fcd; 

  5 
/** Models a Z++ attribute */ 
public class ZPPAttribute implements FCDConstants { 
   private String name;                                   // info needed for formalisation 
   private String type;                                   // ("internal representation") 

 10       private String visType = PROTECTED; 
   private String initValue; 
   private String clause = OWNS; 
 
   // Constructors 

 15 
   public ZPPAttribute() { 
      this(null, null); 
   } 
  

 20       public ZPPAttribute(String name) { 
      this(name, null); 
   } 
 
   public ZPPAttribute(String name, String type) { 

 25       if (name != null) setName(name); 
      if (type != null) setType(type); 
   } 
 
   // Data access methods 

 30 
   public void setName(String name) { 
      this.name = name; 
   } 
 

 35    public void getName(String name) { 
      return name; 
   } 
 
   public void setType(String type) { 

 40       this.type = type; 
   } 
 
   public void setNameType(String name, String type) { 
      this.name = name; 

 45       this.type = type; 
   } 
 
   public String getType() { 
      return type; 

 50    } 
 
   public void setVisType(String visType) { 
      this.visType = visType; 
   } 

 55    public String getVisType() { 
      return visType; 
   } 
 
   public void setInitValue(String initValue) { 

 60       this.initValue = initValue; 
   } 
 
   public String getInitValue() { 
      return initValue; 

 65     } 
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public void setClause(String clause) { 

          this.clause = clause; 
    } 
 
 70 public String getClause() { 
          return clause; 
    } 
 
    /** Assembles the external representation of the attribute definition */ 
 75 public Statement assembleZPPAttribute(boolean frozen) { 
          Statement stmt = new Statement(); 
          if (type == null) type = ""; 
          String line = name + COLON + type;                  // prepare for OWNS clause 
          if (frozen) line = BAR + line; 
 80    else line += SEMICOLON;                             // or for FUNCTIONS 
          stmt.addLine(line); 
          return stmt; 
    } 
 
 85 /** Assembles the external representation in OWNS of the attribute initialisation */ 
    public Statement assembleZPPAttAssignOwns() { 
          Statement stmt = new Statement(); 
          String line = name + EQUAL + initValue; 
          stmt.addLine(line); 
 90       return stmt; 
 } 
 
    /** Assembles the external representation in FUNCTIONS of the attribute initialisation */ 
   public Statement assembleZPPAttAssignFunctions() { 
 95          Statement stmt = new Statement(); 
           stmt.addLine(BAR + name + EQUAL + initValue); 
          return stmt; 
    } 
 
100  } 
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// 19. ZPPOperation 
 
package fcd; 

  5 
import java.util.*; 
 
/** Models a Z++ operation */ 
public class ZPPOperation implements FCDConstants{ 

 10    private String name; 
   private String visType; 
   private boolean star;                      // false by default, true if internal operation 
   private String clause; 
   private ZPPOpSignature opSignature = new  ZPPOpSignature(); 

 15     private ZPPOpDefinition opDefinition = new ZPPOpDefinition(); 
 
   // Constructors 
   public ZPPOperation() { 
      this(null); 

 20   } 
 
   public ZPPOperation(String name) { 
      if (name != null) setName(name); 
   } 

 25 
   // Data access methods 
   public void setName(String name) { 
      this.name = name; 
   } 
 

 30    public String getName() { 
      return name; 
   } 
 
   public void setStar(boolean star) { 

 35       this.star = star; 
   } 
 
   public boolean getStar() { 
      return star; 

 40    } 
 
   public void setVisType(String visType) { 
      this.visType = visType; 
   } 

 45 
   public String getVisType() { 
      return visType; 
   } 
 

 50       public void setClause(String clause) { 
      this.clause = clause; 
   } 
 
   public String getClause() { 

 55       return clause; 
   } 
 
   public void setSignature() { 
      //opSignature.addInputId(); 

 60    } 
 
   public void setDefinition() { 
      //opSignature.addInputId(); 
   } 

 65 
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    public ZPPOpSignature getOpSignature() { 
      return opSignature; 
   } 
 

 70   public ZPPOpDefinition getOpDefinition() { 
      return opDefinition; 
   } 
 
   /** Assembles signature for presentation in OPERATIONS or RETURNS clause */ 

 75    public Statement assembleSignature() { 
      Statement stmt = new Statement(); 
      String line = name + COLON +  opSignature.getSignSpec() + SEMICOLON; 
      stmt.addLine(line); 
      return stmt; 

 80    } 
 
   /** Assembles definition for presentation in ACTION clause */ 
   public Statement assembleDefinition() { 
      Statement stmt = new Statement(); 

 85       String line = name + " " + opDefinition.getDefSpec() + OPDEF; 
      stmt.addLine(line); 
      StatementList stmtList = opDefinition.getCode(); 
 
      if (opDefinition.getCode() != null) { 

 90          for (Iterator i = (stmtList.getStatements()).iterator(); i.hasNext(); ) { 
            Statement st = (Statement) i.next(); 
            for (Iterator it = (st.getLines()).iterator(); it.hasNext(); ) { 
               String str =  (String) it.next(); 
               stmt.addLine(str+ SEMICOLON); 

 95             } 
         } 
      } 
      return stmt; 
   } 

100 } 
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// 20. ZPPOpSignature 
 
package fcd; 

 5 
/** Models the signature of a Z++ operation*/ 
public class ZPPOpSignature implements FCDConstants{ 
 
   private IdList inputDomains = new IdList(); 

10       private IdList outputDomains= new IdList(); 
 
   // Data access methods 
   public void appendInputDomain(String dom) { 
      inputDomains.append(dom); 

15       } 
 
   public void appendOutputDomain(String dom) { 
      outputDomains.append(dom); 
   } 

20 
   public IdList getInputDomains() { 
      return inputDomains; 
   } 
 

25       public IdList getOutputDomains() { 
      return outputDomains; 
   } 
 
   /** Assembles the external representation of the operation's signature */ 

30    public String getSignSpec() { 
      return inputDomains.listIds() + ARROW_RIGHT + outputDomains.listIds(); 
   } 
} 
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// 21. ZPPOpDefinition 

 5 
package fcd; 
 
/** Models the definition of a Z++ operation */ 
public class ZPPOpDefinition implements FCDConstants{ 
   private Statement precondition; 
   private IdList inputList = new IdList(); 

10       private IdList outputList= new IdList(); 
   private StatementList code; 
 
   // Data access methods 
   public void setPrecondition(Statement precondition) { 

15             this.precondition = precondition; 
   } 
 
   public Statement getPrecondition() { 
      return precondition; 

20       } 
 
   public void appendCode(Statement stmt) { 
      if (code == null) 
         code = new StatementList(); 

25             code.append(stmt); 
   } 
 
   public StatementList getCode() { 
      return code; 

30       } 
 
   public void appendInputId(String id) { 
      inputList.append(id); 
   } 

35 
   public IdList getInputList() { 
      return inputList; 
   } 
 

40       public void appendOutputId(String id) { 
      outputList.append(id); 
   } 
 

       public IdList getOutputList() { 
45             return outputList; 

   } 
 
  /** Assemble the external representation of the operation's definition */ 
   public String getDefSpec() { 

50       return inputList.listIds() + " " + outputList.listIds(); 
   } 
 
   /** Prints contents of operation */ 
   public void printZPPOpDefinition() { 

55             StringBuffer buf = new StringBuffer("Operation signature"); 
      buf.append("\nInput list: " + inputList.listIds()); 
      buf.append("\nOutput list: " + outputList.listIds()); 
      String out = buf.toString(); 
      Logger.log(out); 

60    } 
} 
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// 22. StatementList 
 
package fcd; 

 5 
import java.util.*; 
 
/** Models a list of Z++ statements */ 
public class StatementList { 

10 
   private Collection statements = new ArrayList(); 
 
   /** Appends statement to the list */ 
   public void append(Statement stmt) { 

15             statements.add(stmt); 
   } 
 
  /** Returns the contents of the list */ 
   public ArrayList getStatements() { 

20             return (ArrayList) statements; 
   } 
 
   /** Determines the number of statements in the list */ 
   public int size() { 

25        return statements.size(); 
   } 
 
} 
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// 23. Statement 
 
package fcd; 

 5 
import java.util.*; 
 
/* Models a Z++ statement of one or more lines */ 
public class Statement implements FCDConstants{ 

10    private Collection lines = new ArrayList(); 
   private String kind; 
 
   // Data access methods 
 

15    public void setKind(String kind) { 
      this.kind = kind; 
   } 
 
   public String getKind() { 

20       return kind; 
   } 
 
   public Collection getLines() { 
      return lines; 

25     } 
 
   public int size() { 
      return lines.size(); 
   } 

30 
   public void addLine(String line) { 
      lines.add(line); 
   } 
 

35       public void updateStatement(Statement stmt) { 
      for (Iterator i = (stmt.getLines()).iterator(); i.hasNext(); ) 
         lines.add((String) i.next()); 
   } 

 
40    /** Adds a text separator to the statement's lines */ 

   public void addSeparator() { 
      StringBuffer buf = new StringBuffer("-"); 
      for (int i = 0; i< 5; i++) buf.append(buf); 
      lines.add( BAR + buf.toString()); 

45    } 
 
   /** Outputs lines in the form: line [\nline]*  */ 
   public String listLines(int indent) { 
      StringBuffer buf = new StringBuffer(); 

50          int size = lines.size(); 
      buf.append((String) ((ArrayList) lines).get(0)); 
      StringBuffer ind = new StringBuffer(); 
      for (int i = 0; i < indent; i++ ) 
         ind.append(" "); 

55 
      for (int i = 1; i <size; i++ ) 
         buf.append("\n"+ ind + (String) ((ArrayList) lines).get(i) ); 
 
      return buf.toString(); 

60       } 
} 
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// 24. IdList 
 
package fcd; 

 5 
import java.util.*; 
 
/** Models a list of identifiers */ 
public class IdList implements FCDConstants { 

10       private Collection items; 
 
   public IdList() { 
   } 
 

15 // Data access methods 
 
   public void setItems(IdList idl) { 
      items = idl.getItems(); 
   } 

20  
   public Collection getItems() { 
      return items; 
   } 
 

25       public void append(String id) { 
      if (items == null) 
         items = new ArrayList(); 
      items.add(id); 
   } 

30 
   /** Checks if a particular item belongs to the list */ 
   public boolean existsId(String id) { 
      return items.contains(id); 
   } 

35 
   /** Outputs items in the form: item [,item]*  */ 
   public String listIds() { 
      if (items == null) 
         return EMPTY; 

40 
      StringBuffer buf = new StringBuffer(); 
      int size = items.size(); 
      buf.append((String) ((ArrayList) items).get(0)); 
      for (int i = 1; i <size; i++ ) 

45               buf.append(", " + (String) ((ArrayList) items).get(i) ); 
      return buf.toString(); 
   } 
} 
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// 25. Logger 
 
package fcd; 

 5 import java.io.*; 
import java.util.*; 
 
/** Utility class for handling messages to the user */ 
public class Logger implements FCDConstants { 

10 
   private static FileWriter writer; 
   private static final String nl = System.getProperty("line.separator"); 
 
   /** Displays general message */ 

15    public static void log (String string) { 
      if (writer != null) { 
         try { 
            writer.write(string); 
            writer.write(nl); 

20                writer.flush(); 
         } catch (Exception e) { 
            System.err.println("Unable to write"); 
         } 
      } else 

25    System.out.println(string); 
   } 
 
   public static void logLine (String string) { 
      if (writer != null) { 

30  try { 
            writer.write(string); 
            writer.flush(); 
         } catch (Exception e) { 
            System.err.println("Unable to write");  

35  } 
      } else 
         System.out.print(string); 
   } 
 

40    /** Displays result of test */ 
   public static void logCheckResult(String text, boolean result) { 
      if (result) 
         log ("CHECK " + text + " PASSED"); 
      else 

45          log ("CHECK " + text + " FAILED"); 
   } 
 
   /** Prints a text separator */ 
   public static void separator() { 

50             StringBuffer buf = new StringBuffer("// "); 
      for (int i = 0; i < SEP_WIDTH; i++) buf.append("-"); 
      log (buf.toString()); 
   } 
 

55    /** Prints statements of Z++ clauses with given indentation */ 
   public static void logZPPStmtClause(String clauseName, StatementList clause, int indent) { 
      log(clauseName); 
      if (clause != null) { 
         ArrayList statements = clause.getStatements(); 

60 
         int size = statements.size(); 
         for (int i = 0; i < size; i++ ) { 
            Statement stmt = (Statement) statements.get(i); 
            Logger.log(INDENT + stmt.listLines(indent)); 

65          } 
      } 
   } 
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/** Prints lists of identifiers included in clauses EXTENDS and PUBLICS*/ 

70     public static void logZPPListClause(String clauseName, IdList clause) { 
      log(clauseName); 
      if (clause != null) 
         Logger.log(INDENT + clause.listIds()); 
   } 

75 
 
   /** Initialises the output file */ 
   public static void init (String fileName) { 
      try { 

80          writer = new FileWriter(fileName, false); // false means start from the beginning 
      } catch (Exception e) { 
         System.out.println ("Unable to create the output file"); 
      } 
   } 

85 } 
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// 26. FCD Constants 

 
package fcd; 

 5 
/* Collection of constants used by the AFCD */ 
public interface FCDConstants { 
   public static final String REG     = "reg";                          // kinds of classes 
   public static final String PARA    = "para"; 

10       public static final String BIND    = "bind"; 
 
   public static final String ASSOC   = "assoc";                        // relationships ends 
   public static final String COMP    = "comp"; 
   public static final String GENERIC = "generic"; 

15    public static final String AGGREG  = "aggreg"; 
   public static final String SUPER   = "super"; 
   public static final String NONE    = "none"; 
 
   public static final String ASSOCIATION    = "association";           // relationships 

20    public static final String AGGREGATION    = "aggregation"; 
   public static final String COMPOSITION    = "composition"; 
   public static final String GENERALISATION = "generalisation"; 
   public static final String INSTANTIATION  = "instantiation"; 
 

25    public static final String PUBLIC    = "public";                     // visibility 
   public static final String PROTECTED = "protected"; 
   public static final String PRIVATE   = "private"; 
 
   public static final String CHANGEABLE  = "changeable";               // property and 

30    public static final String FROZEN      = "frozen";                   // direction 
   public static final String QUERY       = "query"; 
   public static final String IN          = "in"; 
   public static final String OUT         = "out"; 
   public static final String INOUT       = "inout"; 

35 
   public static final String EXTENDS     = "EXTENDS";                // clauses of Z++ class 
   public static final String PUBLICS     = "PUBLICS"; 
   public static final String TYPES       = "TYPES"; 
   public static final String FUNCTIONS   = "FUNCTIONS"; 

40    public static final String OWNS        = "OWNS"; 
   public static final String RETURNS     = "RETURNS"; 
   public static final String OPERATIONS  = "OPERATIONS"; 
   public static final String INVARIANT   = "INVARIANT"; 
   public static final String ACTIONS     = "ACTIONS"; 

45    public static final String HISTORY     = "HISTORY"; 
 
   public final static String NAT      = "unsigned int";                // data types 
   public final static String BYTE     = "byte"; 
   public final static String INT      = "int"; 

50    public final static String INTEGER  = "integer"; 
   public final static String LONG     = "long"; 
   public final static String REAL     = "real"; 
   public final static String FLOAT    = "float"; 
   public final static String DOUBLE   = "double"; 

55    public final static String VOID     = "void"; 
   public final static String BOOLEAN  = "boolean"; 
   public final static String SEQ      = "seq"; 
 
   public final static String ARROW_RIGHT   = " --> ";                  // special symbols 

60    public final static String REL_SIGN      = " <--> ";                 // for Z statements 
   public final static String PFUNCTION     = " -|-> "; 
   public final static String DEF           = " ::= "; 
   public final static String OPDEF         = " ==> "; 
   public final static String NATURALS      = "|N"; 

65    public final static String INTEGERS      = "|Z"; 
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   public final static String REALS         = "|R"; 
   public final static String BOOL          = "|B"; 
   public final static String FINITESET     = "|F"; 
   public final static String POWERSET      = "|P"; 

70    public final static String EQUIV         = " =~ "; 
   public final static String QUESTION_MARK = "?"; 
   public final static String EXCLAM_MARK   = "!"; 
   public final static String EMPTY         = ""; 
   public final static String COLON         = " : "; 

75    public final static String SEMICOLON     = ";"; 
   public final static String BAR           = "| "; 
   public final static String EQUAL         = " = "; 
   public final static String HIDE          = " \\ "; 
   public final static String DOMAIN        = "dom "; 

80       public final static String RANGE         = "ran "; 
 
   public final static String RESULT  = "result!";                 // special output variable 
   public final static String HIDDEN  = "H";                       // hidden class symbol 

 
85    public final static String CNT           = "container";         // names of attributes 

   public final static String DESCR         = "Descriptor";        // and classes 
   public final static String INSTANCESOF   = "instancesof"; 
   public final static String INSTANCES     = "Instances"; 
   public final static String SYSTEM        = "System"; 

90    public final static String THE           = "the"; 
 
   public final static String INDENT  = "   ";                     // constants for output 
   public final static int SEP_WIDTH  = 80;                        // format 
} 

95 
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Appendix C  Harmony’s User Interface  

 

This Appendix provides details about Harmony’s GUI and the functionality accessible 

through it. Descriptions for screenshots are presented in tabular form, each relevant element 

captured in a screenshot being succinctly explained by a line in the table that accompanies 

the screenshot.    

 

C.1 The Harmony Window   

 

The entire functionality of Harmony is accessible through the environment’s window, shown 

in Fig. C.1. The main components of Harmony’s GUI are visible in this figure: the menu 

bar, the main tool bar, the Project Pane, the UML Space, the Z++ Space, the message 

console, and the status bar. Several other components are also indicated.   

 
Fig. C.1 The Harmony Window 
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C.2 The Menu Bar  

 

The menu bar of Harmony is shown in Fig. C.2. It is placed at the top of the Harmony 

window and represents the environment’s main menu. Table C.I briefly describes the menus 

available on the menu bar. Each of these menus is further detailed later in the Appendix.  

 

 
 

Fig. C.2 Harmony’s Menu Bar 

 

Table C.I Menus of the Menu Bar 
 

 
Menu 
 

 
Description 

File File oriented operations including New, Open, Save project, as well as Print, Import 

Z++ Specification, and Export Z++ Specification  

Edit Text and graphical editing related options 

View Facilities for setting viewing options for the contents of Harmony’s panes  

UML Operations related to the UML Space  

Z++ Operations related to the Z++ Space 

Tools Various customisation options and facilities for add-ins  

Window Management of windows 

Help User help containing general and detailed information about Harmony 

 
 

C.3 The Main Toolbar 

 

Harmony has a main toolbar on which shortcut buttons for the most frequently used 

operations are placed (Fig. C.3). This floating toolbar is initially placed at the top of the 

Harmony window, just below the main menu, and its display can be turned on or off from 

the View menu.    
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Fig. C.3 Harmony’s Main Toolbar 

 

The correspondence between the buttons and their equivalent menu options is indicated in 

Table C.II. 

Table C.II  Shortcut Buttons and Their Equivalent Menu Options 
 

 
Button 

 

 
Menu Equivalent 

 
Description 

 
File | New Open the New Model Element Selector (Fig. C.5) for creating a 

new project or a new model element  

 
File | Open Open an existing project  

 
File | Save Save the current project 

 
Edit | Cut Cut text or graphical object and save it in the clipboard  

 
Edit | Copy Copy text or graphical object to the clipboard  

 
Edit | Paste Paste text or graphical object from the clipboard to the location of 

the cursor 

 
Edit | Delete Delete selected text, graphical object, model element, or group of 

elements  

 

Z++ | Translate to UML Invoke the automated formalisation process  

 

UML | Translate to Z++ Invoke the automated deformalisation process 

 

View  | Tandem Off Turn off the tandem mode of operation 

 

View  | Tandem On Turn on the tandem mode of operation 

 

Z++ | Analyse Check the syntax of Z++ specifications  
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C.4 The File Menu 

  

 

Fig. C.4 Harmony’s File Menu 

Table C.III File Menu Items 

 
Item 
 

 
Description 

New Display New Model Element Selector to create new project or model element 

Open Open existing project 

Close Close current project  

Save Save current project  

Save As Save current project under a different name 

Page Setup Specify settings for the printed page 

Print Preview Preview the information to be printed  

Print Print selected contents from Project Pane, UML Space, or Z++ Space  

Last Projects List of the most recent projects developed with Harmony 

Import Z++ Specification Import Z++ specifications from external files into the Z++ Space  

Export Z++ Specification Export Z++ specifications from Z++ Space to an external file  

Exit Exit the Harmony environment 
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C.5 The New Model Element Selector 

 

When the New option is selected from the File Menu the user has the possibility to either 

create a new project or to add a new model element or group of model elements to the 

current project. Fig. C.5 shows the list of available options when the File | New function is 

invoked.  Besides the icons for artefacts and groups of artefacts shown in Fig. C.5, in 

Harmony there are six additional symbols associated with collections of artefacts, as indicated 

in Table C.IV. These symbols are used in the Project Pane and the collections they represent 

are generated by default when each new project is created.    

 

Fig. C.5 Harmony’s New Model Element Selector 

Table C.IV Other Icons for Artefacts  

 
Item 

 

 
Description 

  The UC Collection; consists of all the use case diagrams and use cases pertaining to a project 

  The SC Collection; consists of all the scenarios groups and scenarios pertaining to a project 

  The SQD Collection; all the seq. diagrams groups and sequence diagrams pertaining to a project 

  All the UML class diagrams and class compounds pertaining to a project  

  The Z++ specification of the project 

 The Global Spec, a facility for displaying in various formats the contents of the Z++ specification 
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C.6 The Edit Menu 

 

Fig. C.6 Harmony’s Edit Menu 

Table C.V Edit Menu Items 

 
Item 
 

 
Description 

Undo  Undo the last editing operation 

Redo  Redo the last editing operation  

Cut  Cut selected text or graphical object and save it into the clipboard 

Copy  Copy selected text or graphical object to the clipboard  

Paste  Paste text or graphical object from the clipboard to the position of the cursor  

Delete  Delete selected text or graphic object 

Select   Select a segment of text or an area of a graphic 

Select All  Select the entire contents of the active pane 

Comment Automatically comment selected text in the Z++ Space 

Uncomment Remove comment symbols from the selected text in the Z++ Space 

Search Search for a target text  

Replace Replace target text with new text 

Search Again Repeat search for last indicated target text 
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C.7 The View Menu 

 

Fig. C.7 Harmony’s View Menu 

 

Table C.VI View Menu Items 

 
Item 
 

 
Description 

Toolbars Turn on or off the display of an environment’s toolbar (main, UML, or Z++) 

Project Pane Checkbox for showing or hiding the Project Pane 

UML Space Checkbox for showing or hiding the UML Space 

Z++ Space Checkbox for showing or hiding the Z++ Space 

Message Console Checkbox for showing or hiding the Message Console 

Status Bar Checkbox for showing or hiding the Project Pane 

Tandem On  Enable the tandem mode of operation in the UML and Z++ Spaces 

Tandem Off Disable the tandem mode of operation in the UML and Z++ Spaces 

Zoom In Zoom in on the active tabbed-pane of either the UML or the Z++ Space 

Zoom Out Zoom out on the active tabbed-pane of either the UML or the Z++ Space 

Fit to Window Show in the visible area of the active tabbed-pane the entire contents of the pane  

Actual Size Show the contents of the active tabbed-pane in actual printing size 
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C.8 The UML Menu 

 
Fig. C.8 Harmony’s UML Menu 

 

Table C.VII UML Menu Items 

 
Item 
 

 
Description 

New Element Add a new UML model element to the current project  

Open Open an existing UML element into a new tabbed-pane of the UML Space 

Save Save the model element displayed in the top tabbed-pane of the UML Space  

Save As Save under a new name the model element displayed in the topmost tabbed-

pane of the UML Space   

Close Close the top tabbed-pane of the UML space, 

Translate to Z++  Translate to Z++ the element shown in the topmost UML tabbed-pane  

Show/Hide UML Toolbox Show or hide the UML toolbox associated with the topmost tabbed-pane 

Show/Hide STD Show or hide the STD part of a COMP construct 
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C.9 The Z++ Menu 

 

Fig. C.9 Harmony’s Z++ Menu 

 

Table C.VIII Z++ Menu Items 

 
Item 
 

 
Description 

New Class  Create a new Z++ class 

Open Class  Open exiting Z++ class into a new tabbed-pane in the Z++ Space 

Save  Save the Z++ class shown in the topmost tabbed-pane of the Z++ Space 

Save As  Save under a new name the Z++ class shown in the topmost tabbed-pane 

Close  Close the Z++ class shown in the topmost tabbed-pane of the Z++ Space 

Translate to UML  Invoke deformalisation on Z++ class or Z++ specification  

Analyse Execute syntax and consistency checking of the Z++ specification 

Show/Hide  

Z++ Symbol Box 

Show or hide the Z++ Symbol Box in the Z++ Space 

Classes 
Hidden/Collapsed/Expanded 

Select format of Global Spec: classes hidden, classes shown as names only, 
or classes fully detailed 

Show/Hide Context Show or hide above the Z++ class the global statements of Z++ 
specification  
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C.10 The Tools Menu 

 
Fig. C.10 Harmony’s Tools Menu 

 

Table C.IX Tools Menu Items 

 
Item 
 

 
Description 

Project Properties Customise project properties 

Editor Options Customise text and graphical editing options  

ISE Preferences Specify general preferences for the use of Harmony  

Adds In Add connections to external tools  

 

 

C.11 The Window Menu 

 

 
 

Fig. C.11 Harmony’s Window Menu 
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Table C.X Windows Menu Items 

 
Item 
 

 
Description 

New Window Create new Harmony Window  

Minimise Window Minimise the current active window 

Restore Windows Restore all Harmony windows to their original position and size 

Cascade Windows Display windows left to right and top-down overlapping fashion 

Tile Windows Display windows in tiled format (non-overlapping) 

Project Pane Contents Contains list of opened projects; the one in the active window is checked 

UML Space Contents List opened UML model elements; the one in the active window is checked  

Z++ Space Contents  List opened Z++ classes; the one in the active window is checked  

 

 

 

 

C.12 The Help Menu 

 

 
 

Fig. C.12 Harmony’s Help Menu 
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Table C.XI Help Menu Items 

 
Item 
 

 
Description 
 

Legend  Show icons associated with artefacts or group of artefacts (see also Fig. C.15)  

Contents Display help contents 

Tutorial Invoke a tutorial on using Harmony  

Index Display keyword index of help 

Search Search for a particular keyword in the Harmony help manual  

About Show the About notice 

 

C.13 UML Toolboxes 

 

There are five UML toolboxes available in Harmony, each corresponding to a type of artefact 

produced during the modelling process. They are shown in Fig. C.12 and because several 

symbols appear in more than one toolbox a single table that gathers the descriptions of all 

UML symbols is presented (Table C.XII). This table contains 28 symbols, four of them not 

belonging to the UML standard. Marked with a star in the table, they are added for aiding 

the informal development of scenarios.   

  

   
 

  
 

 
 

Fig. C.13 Harmony’s UML Toolboxes 
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Table C.XII UML Toolbox Items 

 

 
Symbol 

 

 
Description 

 
Symbol 

 
Description 

  item selector   triangle* 

  Text  table*  

  Annotation  Object or class in sequence diagrams 

 use case  activation bar 

 Actor  message or transition to self  

 Association  asynchronous message 

 system boundary  Return message 

 Generalisation  destroy object 

 Uses  Class 

 Timeline  parameterised class 

 system or subsystem  aggregation 

 Message  dependency 

 state (also rectangle* in the SC 
toolbox) 

 start state 

 circle*  end state 

 

 

C.14 Z++ Symbol Box 

 

 

 

Fig. C.14 Harmony’s Z++ Symbol Box 
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Table C.XIII Items of the Z++ Symbol Box  

 

 
Symbol 

 

 
Description 

 
Symbol 

 
Description 
 

 existential quantifier  bijection 

 unique existential quantifier  finite partial function 

 universal quantifier  finite partial injection 

 separator in Z expressions  domain restriction 

 separator in Z expressions  range restriction 

 Cartesian product  domain subtraction 

 Membership   range subtraction 

 non-membership  overriding 

 proper subset relation  relation image (left marker) 

 subset relation  relation image (right marker) 

 set union  relations or schemas composition 

 set intersection  extraction 

 empty set  filtering 

 bag scaling  definition 

 bag membership  delta convention 

 sub-bag membership  xi convention 

 bag union  power set 

 bag difference  finite sets 

 bag display (left marker)  the natural numbers 

 bag display (right marker)  the strictly positive natural numbers  

 Negation  the integer numbers 

 conjunction  lambda convention 

 disjunction  mu convention 

 implication  tau 

 equivalence  phi 

 less or equal  always 

 inequality  eventually 

 greater or equal  next operation initiation time 

 concatenation  holds at 

 binary relationship  marker for term values (“value at”) 

 total function  time marker for event occurrences 

 partial function  begin action (operation) 

 total injection  end action (operation) 

 partial injection  operation invocation and return 

 total surjection  superscript 

 partial surjection  subscript 
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C.15 The Legend Pane 

 

From the Help Menu the user has the possibility of displaying a legend pane which shows 

the icons associated with artefacts and groups of artefacts, as indicated in Fig. C. 15. In this 

figure, only one of the five tabbed-panes of the Legend is shown, the other icons being 

already presented in some of the previous Harmony snapshots.  

  

 
 

Fig. C.15 Harmony’s Legend Pane: COMP and CD Symbols 

 

C.16 Messages 

 

In Harmony, there are three types of messages. The first type of messages are displayed in the 

message console and are used typically to indicate the success or failure of a specific action. 

Most of the messages pertaining to the activities of formalisation, deformalisation, and 

analysing Z++ specifications are displayed in the message console. Warning messages 

represent the second category of Harmony messages. They indicate that a specific type of 

action is not possible in a given context are labelled with a large exclamation mark. Request 

for confirmation messages, the third category of Harmony messages, are introduced as a 

safety check before performing potentially damaging operations such as overriding 
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specifications or deleting model elements. The three types of Harmony messages are show in 

Fig. C. 16.  

     

 

                   
 

Fig. C.16 Examples of Harmony Messages 

 

 

C.16 The About Pane 

 

One last thing about Harmony is its About message, displayed through the Help | About 

option. As indicated in Fig. C. 17, it shows the environment’s logo, its version, its authors, 

and the affiliation of its authors.  The Harmony’s logo, the metronome, is intended to 

suggest both our pursuit of harmony (in integrating specification notations) and the 

attention we pay to the passage of time (our focus on TCS).  They are, we believe, the two 

most distinguishing aspects of our approach.      
 

 

Fig. C.17 Harmony’s About Message 


