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Appendix A Summary Overview of Z++

The following is a summary presentation of Z++, based on [Lan094b], [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
RTLFor nul a instead of Fm agrL, and use Cinstead of T Also, a PUBLI CS 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 PUBLI CS 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_O ass ::= CLASS ldentifier [ TypePar ans]
[ EXTENDS Ancest or s]
[ TYPES Types]
[ FUNCTI ONS Axi omat i cDef s]
[ OANS Local s]
[ RETURNS OpTypes]

[ OPERATI ONS  OpTypes]
[ 1 NVARI ANT Pr edi cat €]

[ ACTI ONS Acti ons]
[ HI STORY Hi story]
END CLASS
where:
TypePar ans = [ “[” Parlist “]" ]
Parli st Ti= Identifier [, Parlist] |

Identifier << ldentifier [, Parlist]
Ancest ors = Idlist
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Types = TypeDecl ar ati ons

Local s = Identifier : Type ; Locals | ldentifier : Type

ot ypes = [*] ldentifier : Idlist ® Idlist; OpTypes |
[*] ldentifier : Idlist ® Idlist

Acti ons = [*] [Predicate & ldentifier Idlist ==> Code; Actions
| [*] [Predicate & ldentifier Idlist ==> Code

Hi story = LTLFormul a | RTLFormul a

Briefly, about the clauses in the class declaration:

aLass is followed by an identifier and a possibly empty list of generic type parameters.
In this list, the notation A << Bsignifies 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;

FUNCTI ons is followed by axiomatic definitions of constants;

oms 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;

OPERATI ONS 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;

I NVARI ANT specifies a property of the internal state that must remain unchanged

between the executions of operations. The default invariant of a class is t r ue;

ACTI ONs 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, ©) . The general form for an operation’s definition is:
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Pre (op, § & op x y ==> Code (op, O

H STORY 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—>Y
and defined as
Pre(op, C©) &op x y ==> Code (op, O

can be invoked as obj ect C. op(ap) Where obj ect C is an object of class ¢ and ap a list of
actual parameters. The alternative notation obj ect C. op[ ap/ f p] 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 - obj ect C. 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 [obj ect Narre! /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 i nit 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
OMNS
OPERATI ONS
Op_ X T X® Y
Op_Error D X® Y
(o4} DX ® Y
ACTI ONS
Op_ K x? yl ==> Pre_OK U Def _OK
p_Error x? y! ==> Pre_Error U Def Error
(o) x? y! ==> Qp_OK U p_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:

— Statec
c

Inv,
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and for each operation op:

— Inop
x : IN

— Outop
y : OUT

where ¢ defines the state of C, 1nv. 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 1 N and, respectively,

out (the parameters are listed in pairs var: var Type) .

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

r— SchemaPre (op, C)
| StateC

Inop

Pre (op, C)

and the operation itself is described by:

— Schema (op, C)
StateC
A SupplierObjects (op,C)
E NonSupplierObjects (op,C)

>

Code (op, C)

where Suppl i er Obj ects(op, ©) are schemas involved (directly or recursively) in the
definitions of operations invoked from within op and NonSuppl i er (oj ect s(op, ©) are the
schemas for the other class instances in the specification.
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For each class ¢ the given set [ @C] represents the set of all possible objects of the class and
the set ¢ denotes the existing objects of c. These are described in the following schema,
which also includes a dereference map * ¢ from object identities to object values:

— Objectsc
| *c : @C -» Statec
9 : P(@C)

C = dom (*c)

The nil object reference ni | c: @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:

Cl assExpression :== Cassldentifier |
Cl assExpression \ (FeaturelList) |
Cl assExpressi on [ RenaneLi st) |
Generi cC assExpressi on [ ParaneterlList] |

Cl assExpression + O assExpression |
Cl assExpression a C assExpression |

Cl assExpr essi on Cl assExpression |

X
Cl assExpression N O assExpression |

Cl assExpression * |dent O assExpression |

where d assl denti fier IS the class name assigned in its cLASS clause; Feat ureLi st a list of
attributes and operations of the class, RenaneLi st a list of substitutions new ol d involving
constants, attributes and operations, and ParaneterLi st 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 A 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 n 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

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

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
2 FDCManager.java 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.

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.

3 CDParser.java

Groups the more complex checks for well-formedness of class diagrams

4 CDSyntaxChecker java presented in Section 6.3.1.

Coordinates the entire formalisation in Z++ of a UML class diagram,

> CDTranslator java 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.

Models regular classes from the UML space. It is also the superclass of

! UMLClas.java the UMLParaBindClass.java class.

Models both parameterised and instantiating UML classes. For AFCD’s

8 UMLParaBindClass.java T
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.




303

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.
Models the Z++ specification that results from farmalising a UML

16 ZPPCSpec.java class diagram. It is the correspondent of the UML class diagram in
the Z++ space.
Provides representation of Z++ classes. Contains both the clause

. contents of a Z++ class (“external representation”) and

7 ZPPClass java 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 Rlaceholder for information describing a Z++ operation’s
signature.

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

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

23 Statement java IiMn(;gels Z++ statements. Each statements consists of one or more

24 IdList.java Models lists of identifiers.

o5 Logger.java Utility class har!qlmg 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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<?xm version='"1.0" encodi ng='us-ascii'?>

<l--

A

A

Docurent Data Type (DTD) for class diagram specifies the structure of the AFCD i nput
The synmbol * neans "zero or nore" while the synbol + neans "one or nore" -->

-- O ass diagramdeclaration-->
<! ELEMENT cl assdi agram (cl ass*, rel ati onshi p*)>
<I ATTLI ST cl assdiagramtitle CDATA #REQU RED>

-- Oass declaration -->
<! ELEMENT cl ass (att*, op*) >
<I ATTLI ST cl ass
nane CDATA #REQUI RED
ctype (reg | para | bind) "reg">

-- Attribute declaration -->

<! ELEMENT att (#PCDATA) >

<I ATTLI ST att
nane  CDATA #REQUI RED
type CDATA "null"
initval CDATA "nul 1"
vi stype (public | protected | private) "public"
property (changeable | frozen) "changeabl e">

I-- Operation declaration -->

<! ELEMENT op (parant) >
<! ATTLI ST op
nane CDATA #REQUI RED
vi stype (public | protected | private) "public"
rettype CDATA "null"
property (none | query) "none">

-- Paraneter declaration -->
<! ELEMENT par am ( #PCDATA) >
<! ATTLI ST param
name CDATA #REQU RED
ptype CDATA #REQUI RED
dir (in ] out | inout) "in">

-- Relationship declaration -->
<! ELEMENT rel ati onship (rel ati onshi pend*) >
<! ATTLI ST rel ati onshi p name CDATA "nul | ">

-- Rel ationshi pend declaration -->
<! ELEMENT rel ati onshi pend (nultiplicity) >
<! ATTLI ST rel ati onshi pend
ki nd (assoc | aggreg | conp | super |generic | none) # MPLIED
cl assname CDATA #REQUI RED>

-- Miultiplicity declaration -->
<IELEMENT nultiplicity (range+) >

-- Range decl aration -->
<! ELEMENT range (#PCDATA) >
<! ATTLI ST range
begin  CDATA "1"
end CDATA "1">
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/1 2 FCDManager
package fcd;
inport java.io.File;

/**

* Coordinates the three major functions of the AFCD:

* (a) parsing of the input description of the class diagram

* (b) verification of the well-fornedness of the class diagram
* (c) translation to Z++ of the conponents of the class diagram
*/

public class FCDVanager {
private d assDi agram cd;
private ZPPSpec zspec;

/1 Al main work conponents start from here
public void dowrk(File file) {

try {
cd = new d assDi agran();
CDPar ser parser = new CDParser(cd); /1 parsing & | oading
parser.parse(file);

CDSynt axChecker checker = new CDSynt axChecker (cd);

if (!checker.checkCDSyntax()) /1 verification
Logger. | og(" Checki ng of CD syntax stopped.");
el se

Logger. | og(" Checki ng of CD syntax successfully conpleted.");
CDTransl ator trans = new CDTransl ator (cd);
trans.Chtransl ate(); /1 translation

}

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

}
}
public static void nmain(String[] args) { /1 entry point
File file = new File("cl assdi agram xm ") ; /1 default input file
try {
if (args.length == 1)
file = new File(args[0]);
FCDVanager ngr = new FCDVanager () ; /1 a manager to
nmgr. doWsrk(file); /1 coordinate the work
} catch (Exception x) {
X. printStackTrace();
Systemexit(1);
}
}
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/1 3. CDParser
package fcd;

inport java.util.*;

inport java.io.File;

inport java.io.lOException;
inport javax.xni.parsers.*;
inport org.xn.sax.*;

i nport org.w3c.dom *;

/** Parses the input and popul ates the classes nodelling the UM class di agram */
public class CDParser {

private d assDi agram cd;

private Map mappi ngs = new HashMap();

publ i ¢ CDParser(C assD agram cd) {
this.cd= cd;
}

public void parse(File file) throws Exception {
Docurrent Bui | der Factory factory = Docunent Bui | der Fact ory. new nst ance() ;
factory. setValidating(true);

try {
Docurent Bui | der buil der = factory. newDocunent Bui | der () ;
set Error Handl er (bui | der) ; /1 error handling code to deal with DTD validation

Docurent docunent = buil der.parse(file);
Logger. |l og("The input class diagram" + docunent. get Docunent El ement (). get NodeNane()
+ " successfully read.");
cr eat eEl enent (docunent) ; I/l create cd and its elenents fromthe DOMtree
Logger. | og("The class diagram" + docunent. get Docurent El ement (). get NodeNane()
+ " successfully created.");
} catch (SAXException sxe) {
Exception x = sxe;
if (sxe.getException() != null)
X = sxe.get Exception();
Logger . | og(x. get Message());
throw x;
} catch (ParserConfigurati onException pce) {
pce. print StackTrace();
} catch (1 COException ioe) {
i oe.printStackTrace();
} catch (Exception x) {
throw x;
}

}

/** Creates an el enent corresponding to the DOM node and recursively processes its children */

private voi d createEl ement (Node node) throws Exception {
switch (node. get NodeType()) /1 determ nes action based on node type
case Node. DOCUMENT_NCDE:
Docunent doc = (Docunent) node;
Node next = doc. get Docunent El enent ();
mappi ngs. put (next, cd);
creat eEl enent (next);
br eak;
case Node. ELEMENT_NODE:
String nane = node. get NodeNane();
if (nane.equal s("classdiagrant')) {
String title = ((Elenent) node).getAttribute("title");
cd. set Nane(title);
} else if (nane.equal s("class")) {
creat ed ass(node) ;
} else if (nane.equal s("att")) {
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createAttri bute(node);
} else if (nane.equal s("op")) {
creat eQper ati on(node) ;
} else if (nane.equal s("parant)) {
70 cr eat ePar anet er (node) ;
} else if (nane.equal s("relationship")) {
creat eRel ati onshi p(node) ;
} else if (name.equal s("relationshipend")) {
cr eat eRel ati onshi pEnd( node) ;
75 } else if (nanme.equal s("nultiplicity")) {
createMil tiplicity(node);
} else if (nane.equal s("range")) {
cr eat eRange( node) ;
80 NodeLi st children = node. get Chi | dNodes(); /'l recursive processing of children
if (children !'= null)
for (int i=0; i < children.getLength(); i++)
createEl enent (children.iten(i));
br eak;
85 defaul t:
br eak;
}
}
90 /** Oreates and initialises class diagramelenents */
private void created ass(Node node) {
Node parent Node = node. get Par ent Node() ;
O assDi agram cont ai ner = (d assDi agran) mappi ngs. get ( par ent Node) ;
String ctype = ((El enent) node).getAttribute("ctype");
95 UML.d ass cl = null;
String token = ((El enent) node).getAttribute("name");
if (ctype.equals("reg")) {
cl = container.created ass();
cl . set Nane(t oken);
100 } else {
cl = container.createUM.ParaBi ndd ass();
((UMLPar aBi ndd ass) cl ). set CType(ctype);
((UMLPar aBi ndd ass) cl ). set NaneAndPar anet er s(t oken) ;
}
105 mappi ngs. put (node, cl);
}
private void createAttribute(Node node) {
Node par ent Node = node. get Par ent Node() ;
110 UMLd ass contai ner = (UMLA ass) mappi ngs. get ( par ent Node) ;
UMLAttribute att = container.createAttribute();
att.set Nane(((El enent) node).getAttribute("nane"));
att.set Type(((El ement) node).getAttribute("type"));
att.setVisType(((E enment) node).getAttribute("vistype"));
115 att.setlnitValue(((El enent) node).getAttribute("initval"));
att.setProperty(((E enent) node).getAttribute("property"));
}
private void createQperation(Node node) {
120 Node parent Node = node. get Par ent Node() ;
UMLd ass contai ner = (UMLO ass) nappi ngs. get ( par ent Node) ;
UMLQper ation op = container.createQCperation();
op. set Nane(((El enent) node).getAttribute("nane"));
op. set Vi sType(((El ement) node).getAttribute("vistype"));
125 op. set Ret Type(((El ement) node).getAttribute("rettype"));
op. set Property(((E enent) node).getAttribute("property"));
mappi ngs. put (node, op);
}
130 private void createParanet er (Node node) {
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Node parent Node = node. get Par ent Node() ;
UMLQper ati on contai ner = (UMLOperation) mappi ngs. get (par ent Node) ;
UMLPar anet er param = cont ai ner. creat eParaneter();
par am set Name( ((El enent) node).getAttribute("name"));
135 param set Type(((El enent) node).getAttribute("ptype"));
param setDi r (((El enent) node).getAttribute("dir"));

}
private void createRel ati onshi p(Node node) {
140 Node parent Node = node. get Par ent Node() ;
O assDi agram cont ai ner = (d assDi agran) mappi ngs. get ( par ent Node) ;
Rel ationship rel = container.createRel ationship();

rel.setName(((El ement) node).getAttribute("nanme"));
mappi ngs. put (node, rel);
145

private voi d createRel ati onshi pEnd(Node node) throws Exception{
Node parent Node = node. get Par ent Node() ;
Rel ationshi p contai ner = (Rel ationshi p) mappi ngs. get (par ent Node) ;
150 Rel ationshi pEnd rel End = new Rel ati onshi pEnd();
if ((container.getEndl()) == null)
cont ai ner. set End1(rel End);

else if ((container.getEnd2()) == null)
cont ai ner. set End2(r el End) ;
155 el se {

Logger.log("I NPUT ERROR Mre than two ends for relationship "+ container.getNanme() + ".");
Exception x = new Exception();
throw Xx;

}

160 rel End. setKi nd(((El enent) node).getAttribute("kind"));
rel End. set O assNanme( ((El enent) node).getAttribute("classnanme"));
mappi ngs. put (node, rel End);

165 private void createMil tiplicity(Node node) {
Node parent Node = node. get Par ent Node() ;
Rel ati onshi pEnd contai ner = (Rel ati onshi pEnd) mappi ngs. get ( par ent Node) ;
Mil tiplicity nult = container.createMiltiplicity();
mappi ngs. put (node, nult);
170

private void createRange(Node node) {
Node parent Node = node. get Par ent Node() ;
Mil tiplicity container = (Multiplicity) mappings. get(parentNode);
175 Range range = cont ai ner. creat eRange();
range. set Begi n(((El enent) node).getAttribute("begin"));
range. set End(((El enent) node).getAttribute("end"));

}
180 private voi d setErrorHandl er (Docunent Bui | der buil der) {
bui | der . set Err or Handl er (
new org. xm . sax. Error Handl er () { I/ ignore fatal errors
public void fatal Error( SAXPar seExcepti on exception) throws SAXException {
}
185 public void error(SAXParseException e) throws SAXParseException {
throw e; /Il treat validation errors as fatal
public voi d warni ng( SAXPar seException err) throws SAXParseException {
Logger.log("** Warning" + ", line " + err.getLineNunber ()
190 + ", uri " + err.getSystemd());
Logger. 1 og(" " + err.get Message());
}
}
)i
195 }
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/1 4. CDSynt axChecker
package fcd;
inport java.util.*;

/** Handl es all checks of well-formedness */
public class CDSyntaxChecker inplenments FCDConstants {
10 private d assDi agram cd;
private Collection classes = new ArrayList();
private Collection relationships = new ArrayList();

publ i ¢ CDSynt axChecker (C assDi agram cd) {
15 this.cd = cd;
this.classes = cd. getd asses();
this.relationshi ps =cd. get Rel ati onshi ps();

}

20 /** H ghest |evel of organising the checks */
publ i c bool ean checkCDSynt ax() {
bool ean ret = fal se;
if (!checkRel ationships()) return ret;
if (!checkAccrossCD()) return ret;
25 return checkd asses();

}

/** Contains a series of tests at relationship level */
private bool ean checkRel ati onshi ps() {

30 bool ean ret = fal se;
Logger. separator();
if (!checkRel ationshi pEnds()) return ret; /1 check ends of relationships are
Logger. separator(); /1 properly defined
if (!checkWellFormedMultiplicities()) return ret; /1 check multiplicities are properly
35 Logger. separator(); /1 defined
if (!checkAssoci ationsHaveNanmes()) return ret; /1 check nanes exist for associations
Logger. separator();
if (!checkConpositionsMiltOne()) return ret; /1 check proper mult. of conpositions
Logger. separator();
40 if (!checkRel ationshi psMil t One( SUPER, GENERALI SATION)) return ret; //sanme for gen-s.
Logger. separator();
return checkRel ati onshi psMul t One( GENERI C, | NSTANTI ATI ON) ; /1 and instantiations
}
45 /** Contains a series of tests at class diagramlevel */

private bool ean checkAccrossC() {
bool ean ret = fal se;
Logger. separator();

if (!checkEndRel O assesExist()) return ret; /1 check classes inrel. exist in CD
50 Logger. separator();

if (!checkd assNamesUni que()) return ret; /1 check nanes of cl asses

Logger. separator();

if (!checkDi stinctAssociationsNanes()) return ret; /] associ ations between same two

Logger. separator(); /1 classes nust have distinct names
55 if (!checkDuplicateRel ationships()) return ret; /1 check multiple rel. between sane

Logger. separator(); /1 two cl asses

if (!checkNoAncestorToSel f()) return ret; /1 a class cannot be ancestor to itself

Logger. separator();

if (!checklnstantiationC asses()) return ret; /1 check proper def. of instantiations
60 Logger. separator();

return checkMat chi ngBi ndi ngs(); /1 and proper matching of paraneters

// at instantiation

}

65 /** Contains a series of tests at class level */
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private bool ean checkd asses() {
bool ean ret = fal se;
Logger. separator();

if (!checkAttributeNamesUnique()) return ret; /1 check nanes of attributes
Logger. separator();

if (!checkQperationNamesUni que()) return ret; /1 of operations

Logger. separator();

return checkOpPar anNanmesUni que() ; /1 and of parameters of operations

}

/** Verifies that the ends of relationships are properly formed */
publ i ¢ bool ean checkRel ati onshi pEnds() {
bool ean ret = true;
for (lterator i = relationships.iterator(); i.hasNext(); ) {
Rel ationship rel = (Relationship) i.next();
if (!'rel.checkEnds())
ret = fal se;

}
Logger . | ogCheckResul t ("Rel ati onshi p ends", ret);
return ret;

}

/** Verifies format of nultiplicity constraints */
publ i c bool ean checkWel | FormedMul tiplicities() {
bool ean ret = true;

for (lterator i = relationships.iterator(); i.hasNext(); ) {
Rel ationship rel = (Relationship) i.next();
if (!rel.getEndl().checkMiltiplicity()) /] test both ends

ret = fal se;
if (!rel.getEnd2().checkMiltiplicity())
ret = fal se;

}
Logger. | ogCheckResul t ("Wl | -forned multiplicities", ret);
return ret;

}

/** Verifies names are provided for association relationships */
publi ¢ bool ean checkAssoci ati onsHaveNanes() {
bool ean ret = true;
for (lterator i = relationships.iterator(); i.hasNext(); ) {
Rel ationship rel = (Relationship) i.next();
if (!rel.checkAssociati onHasNane())
ret = fal se;

Logger . | ogCheckResul t (" Associ ati ons have nanes", ret);
return ret;

/** Verifies that nultiplicity of the whole part of conposition is one */
publ i ¢ bool ean checkConpositionsMult One() {
bool ean ret = true;
for (lterator i = relationships.iterator(); i.hasNext(); ) {
Rel ationship rel = (Relationship) i.next();
if (!rel.checkConpositionMWltOne())
ret = fal se;

}
Logger. | ogCheckResul t ("Ml tiplicity of whole part of conposition", ret);
return ret;

}

/** Verifies that specific kinds of relationships have multiplicity one */
publ i ¢ bool ean checkRel ati onshi psMult One(String endKind, String rel Kind) {
bool ean ret = true;
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for (lterator i = relationships.iterator(); i.hasNext(); ) {
Rel ationship rel = (Relationship) i.next();
if (!rel.checkRel ationshi pMmult One(endKi nd, rel Ki nd))
ret = fal se;

}
Logger. | ogCheckResul t ("Ml tiplicity of " + relKind + " ends", ret);
return ret;

}

/** Verifies that the two classes involved in a relationship belong to the class diagram*/
private bool ean checkEndRel O assesExi st () {

bool ean ret = true;

String cl sNane;

for (lterator i = relationships.iterator(); i.hasNext(); ) {
Rel ationship rel = (Relationship) i.next();
cl sNane = rel.get End1l(). getd assNane();
if (!classFound(clsNane)) {
Logger. | og("CD SYNTAX ERROR O ass involved in relationship not found (" +
clsName + ")" );
ret = fal se;
}
clsNane = rel.get End2(). getd assNane();
if (!classFound(clsNane)) {
Logger. | og("CD SYNTAX ERROR O ass involved in relationship not found (" +
clsName + ")" );
ret = fal se;

}
Logger . | ogCheckResul t ("Exi st classes at relationship ends", ret);
return ret;

}

/** Verifies constraints on class names */
publ i ¢ bool ean checkd assNamesUni que() {
bool ean ret = true;

int size = classes.size();

for (int i =0; i <size; i++) {
UMLd ass cls = (UMd ass) ((ArrayList) classes).get(i);
ret & checkd assNaneUni que(cls. get Nane(), i);

}
Logger . | ogCheckResul t ("C ass nanes uni que", ret);
return ret;

}

/** Verifies names of classes are unique within the class diagram?*/
private bool ean checkd assNanmeUni que(String cl assNanme, int index) {
bool ean ret = true;
int size = classes.size();
for (int i = index+l; i <size; i++ ) {
UMLd ass cls = (UMd ass) ((ArrayList) classes).get(i);

if ((cls.getNane()).equal s(classNane)) {
Logger. | og("CD SYNTAX ERROR Duplicate nane of class detected (" +classNane+ ")");
ret = fal se;
br eak;

}
}
return ret;

}

/** Verifies that associations between the sanme two cl asses have distinct nanes */
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publ i ¢ bool ean checkDi sti nct Associ ati onsNanes() {
bool ean ret = true;
int size = relationships.size();
for (int i =0; i <size; i++) {
Rel ationship rell = (Relationship) ((ArrayList) relationships).get(i);
if (rell.isAssociation()) {
String clsl = (rel 1. get End1()).get d assNane();
String cls2 = (rel 1. get End2()). get d assNane() ;
for (int j =i+1; j < size; j++) {
Rel ationship rel 2 = (Rel ationship) ((ArrayList) relationships).get(j);
if (rel2.isAssociation()
if ( (rel2.hasd assEnds(clsl, cls2)) || (rel2.hasd assEnds(cls2, clsl)))
if ((rell.getNanme()).equals(rel2.getNarme())) {
Logger. | og("CD SYNTAX ERROR Duplicate nane of association detected (" +
rel 1. getName()+ ")");
ret = fal se;

}
}
}
}
Logger . | ogCheckResul t ("Di stinct associ ati on names", ret);
return ret;

}

/* Verifies that only aggregs/conps and assocs nay be duplicated between the same two classes */
publ i ¢ bool ean checkDupl i cat eRel ati onshi ps() {
bool ean ret = true;
String cl sNamel;
String cl sNanme2;
String rel Kind;

int size = relationships.size();
for (int i =0; i < size; i++)
Rel ationship rell = (Relationship) ((ArrayList) relationships).get(i);
rel Kind = rel 1. get Rel ati onshi pKi nd();
cl sNanel (rel 1. get End1()).get d assNane();
cl sNane2 (rel 1. get End2()). get d assNane() ;
for (int j =i+1; | < size; j++) {
Rel ationship rel 2 = (Rel ationship) ((ArrayList) relationships).get(j);
if (rel2.hasd assEnds(cl sNanmel, clsNane2)) {
if (((rel2.getRelationshipKind()).equals(relKind))) {
if ( (relKind.equal s(GENERALI SATION)) || (rel Kind.equal s(I NSTANTIATION))) {
Logger. | og("CD SYNTAX ERROR Duplicate "+ relKind + " rels. detected "

+ "between classes (" + clsNamel + ", " + clsName2 + ")");
ret = fal se;
br eak;
} else {
Logger.log ("CD SYNTAX ERROR Distinct rels. detected between
classes (" + clsNamel + ", " + clsName2 + ")");
ret = fal se;
br eak;
}
}
}
}
Logger. | ogCheckResul t ("Val i d duplicate rel ationships", ret);
return ret;

}

/** Verifies that a class is not its own ancestor */
private bool ean checkNoAncestor ToSel f () {
bool ean ret = true;
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Col l ection classes = cd. getd asses();
for (lterator i = classes.iterator(); i.hasNext(); ) { /1l look at all classes
UMLd ass cls = (UMd ass) i.next();
i f (FCDMVanager.DEBUG) Logger.log("** checkAncestorToSel f( " + cls.getName() + ")**" );
265 if (!checkCycleToSel f(cls.getNane())) ret = fal se; /1 and verify there are no
} /1 cycles in the inheritance
/1 graph containing the class
Logger. | ogCheckResul t ("No ancestor to self", ret);
return ret;
270 }

/** Checks no ancestor to self for one class (or, equivalently, no successor to self) */
private bool ean checkCycl eToSel f(String cls) {
bool ean ret = true;
275 Col l ection one = (ArraylList) successors(cls); /1 gather all successors
/1 (per generation)
while (true) {
if (one.isEmpty()) { /] stop when the list is enpty
i f (FCDWvanager.DEBUG Logger.log("No cycles found for class " + cls);
280 return ret;
}
if (one.contains(cls)) { /1 or the root class itself is in the list
Logger. | og("CD SYNTAX ERROR Generalisation cycle detected for class " + cls);
return !ret;
285
Col l ection two = new ArraylList();
for (lterator i = one.iterator(); i.hasNext(); ) {
String tenp = (String) i.next();
two. addAl | ((ArraylList) successors(tenp)); /1 update the generation of ancestors
290 }
i f (FCDWvanager.DEBUG Logger.log(two.toString());
one = new ArraylList(two); /1 go and test the next generation

}

/** Gathers all direct successors of a given class (the "first generation") */
private Col |l ection successors(String cls) {
Col | ection one = new ArraylList();
for (lterator i = relationships.iterator(); i.hasNext(); ) { // check all relationships
300 Rel ationship rel = (Relationship) i.next();
if (rel.getEndl().getd assNanme().equal s(cls) ) /1 if generalisation check
if (rel.getEndl().getKind().equal s(SUPER)) /1 if given class is superclass
one. add(rel . get End2().getd assNane()); /1 if yes, gather the successors

295

el se
305 if (rel.getEnd2().getd assNane().equal s(cls)) /1l sanme for the other rel. end
if ( rel.getEnd2().getKind().equals(SUPER))
one. add(rel . get End1().get d assNane());
}
return one;
310
/** Verifies that suitable classes are involved in instantiation relationships */
publ i ¢ bool ean checklnstanti ati onC asses() {
bool ean ret = true;
for (lterator i = relationships.iterator(); i.hasNext(); ) { // look at all relationships
315 Rel ationship rel = (Relationship) i.next();
String clsNamel = rel.get End1().get d assNane();
String clsName2 = rel.get End2().get d assNane();
if ((rel.getEndl().getKind()).equal s(GENERI C)) /1 if instantiation
if (!foundd assOf Type(cl sNamel, PARA) || /1 check end cl asses
320 I f oundd assOf Type(cl sNane2, BIND)) { /1 (para, bind)
Logger.log ("CD SYNTAX ERROR Invalid classes involved in instantiation (" +
clsNanmel + ", " + clsName2 + ")");
ret = fal se;

}
325 if ((rel.getEnd2().getKind()).equal s(GENERI C)) /1 or end classes (bind, para)
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if (!foundd assOf Type(cl sNamel, BIND) ||
I f oundd assOf Type(cl sNane2, PARA)) {
Logger. | og("CD SYNTAX ERROR Invalid classes involved in instantiation (" +
clsNanmel + ", " + clsName2 + ")");
ret = fal se;

}

Logger. | ogCheckResul t ("Valid instantiation end classes", ret);
return ret;

}

/** Verifies the correspondence between the nunber of parans at instantiation */
publ i ¢ bool ean checkMat chi ngBi ndi ngs() {
bool ean ret = true;
for (lterator i = relationships.iterator(); i.hasNext(); ) {
Rel ationship rel = (Relationship) i.next();
if (rel.isRelationshipKi nd(GENERI C)) {
UMLd ass cl sl = cd.get UM ass((rel.getEnd1()).getd assNane());
UMLA ass cl s2 = cd. get UM ass((rel.getEnd2()).getd assNane());
int sizel = 0;
int size2 = 0;
if (clsl instanceof UM.ParaBi ndd ass &&
(((UMLPar aBi ndd ass) cl s1). get CType()) . equal s(BIND)) {

sizel = (((UM.ParaBi ndd ass) clsl).getd assParaneters()).size();

size2 = (((UM.ParaBi ndd ass) cls2).getd assParaneters()).size();
} else {

sizel = (((UM.ParaBi ndd ass) clsl).getd assParaneters()).size();

size2 = (((UM.ParaBi ndd ass) cls2).getd assParaneters()).size();

if (sizel != size2) {

Logger. | og("CD SYNTAX ERROR Invalid paraneter matching at instantiation (" +

clsl.getNane() + ", " + cls2.getNane() + ")");
ret = fal se;
}
}
}
Logger . | ogCheckResul t (" Mat chi ng bi ndi ngs (as nunber of paraneters)", ret);
return ret;

}

/** Verifies that names of attributes are unique within the class */
private bool ean checkAttri buteNanesUni que() {
bool ean ret = true;

for (lterator i = classes.iterator(); i.hasNext(); ) {
UMLd ass cls = (UMd ass) i.next();
if (!cls.checkAttributeNanesUni que())
ret = fal se;

}
Logger. | ogCheckResul t ("Attribute names uni que", ret);
return ret;

}

/** Verifies that names of operations are unique within the class */
publ i ¢ bool ean checkQper ati onNanesUni que() {
bool ean ret = true;

for (lterator i = classes.iterator(); i.hasNext(); ) {
UMLd ass cls = (UMd ass) i.next();
if (!cls.checkQperationNanesUni que())

ret = fal se;

}
Logger. | ogCheckResul t ("Attribute Names Uni que", ret);
return ret;




315

CDSynt axChecker . j ava

page 7 of 7

395

400

405

410

415

420

425

430

/** Verifies that names of parameters are unique within an operation's list of paraneters */

publi ¢ bool ean checkQpPar amNanesUni que() {
bool ean ret = true;

for (lterator i = classes.iterator(); i.hasNext(); ) {
UMLd ass cls = (UMd ass) i.next();
if (!cls.checkQpParanNanmesUni que())
ret = fal se;

Logger . | ogCheckResul t (" Operation Paraneter Names Uni que", ret);
return ret;

}

/** Determines if a given class belongs to the class diagram*/
private bool ean cl assFound(String classNane) {
Col | ection classNames = new ArraylList();

for (lterator i = classes.iterator(); i.hasNext(); ) {
UMLd ass cls = (UMd ass) i.next();
cl assNanes. add(cl s. get Nanme());

return cl assNanes. cont ai ns(cl assNane) ;

}

/** Determines if a class of given name and type exists in the class diagram?*/
private bool ean foundd assOf Type(String classNane, String ctype) {
bool ean ret = fal se;
Col l ection classes = cd. getd asses();
for (lterator i = classes.iterator(); i.hasNext(); ){
UMLd ass cls = (UMd ass) i.next();
if (cls.getNane().equal s(classNane))

if (((ctype.equal s(PARA)||ctype. equal sS(PARA)) && (cls instanceof UM.ParaBi ndd ass))]| |

(ctype. equal s(REG && !(cls instanceof UM.ParaBi ndd ass))) {

ret = true;
br eak;
}
}
return ret;
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/1 5. CDTransl at or
package fcd;
inport java.io.*;

inport java.util.*;
inport java.awt.*;

/** NManages the formalisation in Z++ of a UM cl ass diagram*/

public class CDTransl ator inplenents FCDConstants {
private d assDi agram cd; 11
private ZPPSpec zspec; 11

public CDTransl ator (d assDi agram cd) {
this.cd = cd;
}

/** Translates a class diagramto Z++*/
public void Chtranslate() {

zspec = new ZPPSpec(); 11
transl at eC asses(); 11
transl at eRel ati onshi ps(); 11

resolveVisibility(); 11
zspec. pri nt ZPPSpeci fication();
}

/** Translates UML cl asses */
private void transl ateCd asses() {
for (lterator i = (cd.getC asses()).iterator(); i.

UMLd ass cls = (UMd ass) i.next();
if (!(getCType(cls)).equal s(BIND)) 11
transl ated ass(cl s); 11

}

/** Transl ates rel ati onships */
private void transl ateRel ati onshi ps() {
for (lterator i = (cd.getRelationships()).iterator
Rel ationship rel = (Relationship) i.next();
if (rel.isAggregation() || rel.isConposition())
transl at eAggregation(rel); 11
if (rel.isAssociation())
transl at eAssoci ation(rel); 11
} 11
} 11
11
/** H des private features of classes */
private void resolveVisibility() {
for (lterator i = (zspec.getd asses()).iterator();
ZPPd ass zcls= (ZPPCO ass) i.next();
if (zcls.getH ddenFeatures() != null) { 11
String cls = zcls. get Nane() ; 11
Statenent stnt = new Statenent();
stnt.addLi ne(HIDDEN + cls + EQUV + cls + H
+ (zcls. getH ddenFeatures()).listlds() + "
zspec. appendHi di ngOps(stnt); 11

}

/** Translates individual UM class to Z++ */
private void transl ated ass(UM.d ass cls) {
String nane = cls.getNane();

i nput class diagram
out put Z++ specification

create the new Z++ spec
process cl asses

process rel ationships
hide private features of classes

hasNext (); ) {

process regul ar and generic
cl asses; ignore binding classes

(); i.hasNext(); ) {

process aggregati ons & conpositions

process associ ations
(generalisations and instantiations
are processed during the

transl ati on of classes)

i hasNext(); ) {

if list of hidden features is not
enpty, renane the original class

DE + "["
1"); 1/ construct hiding operation
and add the operation to Z++ spec
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if ((getCType(cls)).equal s(PARA))
nane = ((UM.ParaBi ndd ass) cls).get ReducedName(); // use reduced nane of generic classes

ZPPd ass zcls = zspec. appendd ass(nane) ; /] create Z++ class with sanme name
70 if ((getCType(cls)).equal s(PARA))
zcl s. set CPar ans( pr ocessCPar ans( (UMLPar aBi ndd ass) cls)); // transfer class parans to Z++
zcl s. set Ext ends( processParents(cls. getNane())); /1 process parents of class
transl ateAttributes(cls, zcls); /1l formalise attributes
transl ateQperations(cls, zcls); /1 formalise operations
75 pl aceZPPAt tri but es(zcl s); /1 place attributes in Z++ cl auses
pl aceZPPQper at i ons(zcl s) ; /1 place attributes in Z++ cl auses

/** Oreates the list of formal class paraneters */
80 private |dList processCParans(UWParaBi ndd ass cls) {
IdList idl = new IdList();

for (lterator i = (cls.getC assParaneters()).iterator(); i.hasNext(); ) {
String cparam= (String) i.next();
85 i dl . append(cparan);
return idl;
}
90 /** Gathers all direct superclasses of a class*/

private |dList processParents(String cls) {
IdList idl = new IdList();
Col I ection rel ationships = cd. getRel ati onshi ps();

95 for (lterator i = relationships.iterator(); i.hasNext(); ) {
Rel ationship rel = (Relationship) i.next(); /1 check all relationships
if (rel.getEndl().getd assNanme().equal s(cls) ) /1 if generalisation see
if (rel.getEnd2().getKind().equal s(SUPER)) /1 if the given class is superclass

idl.append((rel.getEnd2()).getd assNane()); // if yes, gather its successors
100 el se
if (rel.getEnd2().getd assNanme().equals(cls)) // do the sane for the other rel. end
if ( rel.getEndl().getKind().equal s(SUPER))
idl.append((rel.getEndl()).getd assNane());

}
105 return idl;
}

/** Translates all the attributes of a class */
private void translateAttributes (UMd ass cls, ZPPO ass zcls) {

110
for (lterator i = (cls.getAttributes()).iterator(); i.hasNext(); ) {
UMLAttribute att = (UMLAttribute) i.next();
zcl s. appendAttribute(translateAttribute(att, zcls)); // process each attribute and add
/Il to Z++ cl ass
115 }
/** Translates an individual attribute */
private ZPPAttribute translateAttribute (UMAttribute att, ZPPO ass zcls) {
ZPPAttribute zatt = new ZPPAttribute(att.getNane()); // create att & get nane from UM att
120
zatt.setVisType(att.getVisType()); /1 get also visibility
if (att.getlnitValue() !'= null) // and initial value
zatt.setlnitValue(att.getlnitValue());
if (att.getProperty().equal s( CHANGEABLE)) /1 determne place of Z++ attribute
125 zatt. set A ause( OMS) ;
el se
zatt. set A ause( FUNCTI ONS) ;
if (att.getVisType().equal s(PUBLIC)) /1 make provisions for visibility

zcl s. appendPubl i cs(zatt. get Narme());
130 else if (att.getVisType().equal s(PR VATE))
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zcl s. appendH ddenFeat ur es(zatt. get Name());
zatt.set Type(processType(att.get Type(), zcls)); /1 and determ ne type of Z++ attribute
return zatt;

}
135
/** Translates all the operations of a class */
private void transl ateQperations (UMd ass cls, ZPPO ass zcls) {
for (lterator i = (cls.getOperations()).iterator(); i.hasNext(); ) { // check all ops.
UMLQperation op = (UM.Operation) i.next();
140 ZPPQper ation zop = transl ateQperation(op, zcls); // process each operation and add
zcl s. appendQper at i on( zop) ; Il to Z++ cl ass
}
145
/** Transl ates an individual operation of a class */
private ZPPQOperation translateOperation (UM.Qperation op, ZPPd ass zcls) {
ZPPQper ati on zop = new ZPPQOperation(op.getNane()); // create new op & get name from UML op
150 zop. set Vi sType(op. get Vi sType()); /1 get also visibility
if (op.getVisType().equal s(PUBLIC)) /1 make provisions for visibility
zcl s. appendPubl i cs(zop. get Nare()) ;
else if (op.getVisType().equal s(PR VATE))
zcl s. appendH ddenFeat ur es(zop. get Narme()) ;
155 if (op.getProperty().equal s(QJERY)) /1 determ ne place of op. signature
zop. set G ause( RETURNS) ;
el se
zop. set G ause( OPERATI ONS) ;
processQpPar anet ers(op, zop, zcls); /] process paraneters of operation
160 processQpRet ur n( op. get Ret Type(), zop, zcls); /1 and the operation return
return zop;
}
/** Process paraneters of operation*/
165 private void processQpParanet ers(UMLOperation op , ZPPQOperation zop, ZPPd ass zcls ) {
for (lterator i = (op.getParaneters()).iterator(); i.hasNext(); ) { // check all parans
UMLPar anet er param = (UM.Paraneter) i.next();
String pnane = param get Nane(); /1 get name and
String dir = paramgetDir(); /1 direction of param
170 String ztype = processType(param get Type(), zcls); /] determ ne Z++ type
if (dir.equals(IN) { // if directionis "in"
(zop. get OpSi gnat ur e() ) . appendl nput Donai n( zt ype) ; /1 append type to input
(zop. get OpDefi nition()). appendl nput | d(pnanme + QUESTI ON_MARK);// donai n and decor at ed
/1 nane to input list
175 } else if (dir.equals(QUT)) {
(zop. get OpSi gnat ur e() ) . appendQut put Donai n( zt ype) ; I/ process "out" param
(zop. get OpDefinition()).appendCQut putld(pnane + EXCLAM MVARK) ;
} else {
180 (zop. get OpSi gnat ur e() ) . appendl nput Donai n( zt ype) ; /] process "inout" param
(zop. get OpDefini tion()).appendl nput | d(pnane + QUESTI ON_MARK) ;
(zop. get OpSi gnat ur e()) . appendQut put Donai n( zt ype) ;
(zop. get OpDefinition()).appendCQut putld(pnane + EXCLAM MVARK) ;
}
185 }
}

/** Interprets the operation's return type */
private void processQReturn(String opret, ZPPQOperation zop, ZPPO ass zcls ) {
190 if (opret !'=null) {

String ztype = processType(opret, zcls); /] determ ne Z++ type

if (!opret.equal s(BOOLEAN) && !opret.equal s(VOD)) {
(zop. get QpDefinition()).appendQut put | d( RESULT) ; /] update op. definition
(zop. get OpSi gnat ure() ) . appendQut put Donai n( zt ype) ; /1 and op. signature

195
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}
/** Place operation signature and definition in appropiate clauses of Z++ class */
200 private void pl aceZPPQperati ons(ZPPd ass zcls) {
for (lterator i = (zcls.getZPPQperations()).iterator(); i.hasNext(); ) {
ZPPQper ation zop = (ZPPQperation) i.next();
if (zop.getC ause() !'= null) {
if ((zop.getd ause()).equal s(RETURNS))
205 zcl s. appendRet ur ns(zop. assenbl eSi gnature());
el se
zcl s. appendQper at i ons(zop. assenbl eSi gnature());
zcl s. appendAct i ons(zop. assenbl eDefinition());
210 }
}
/** Place attribute info in appropriate clauses of Z++ class */
private void placeZPPAttributes(ZPPd ass zcls) {
215 Statenent st = new Statenent();
for (lterator i = (zcls.getZPPAttributes()).iterator(); i.hasNext(); ) {
ZPPAttribute zatt = (ZPPAttribute) i.next();
if ((zatt.getd ause()).equal s(OMS)) { /1 OMS or FUNCTI ONS?
220 zcl s. appendOms(zatt. assenbl eZPPAttri but e(fal se));
if (zatt.getlnitValue() !'= null) { /1 check if init value
Statenent stnt = zatt.assenbl eZPPAtt Assi gnOms(); /1 provided
ZPPQperation init = null;
if (zcls.islnitQEmpty()) {
225 init = zcls.getlnitOp();
init.setd ause( OPERATI ONS) ; /1 include init operation
} /1 in the class
((zcls.getlnitOp()).get OpDefinition()).appendCode(stnt); // append initialis.
/1l to init code
230 } else {
zcl s. appendFuncti ons(zatt. assenbl eZPPAttribute(true));
if (zatt.getlnitValue() !'= null) {
if (st.size() == 0 ) st.addSeparator(); /1 construct axionatic
Statenment stnt = zatt.assenbl eZPPAtt Assi gnFuncti ons(); /1 definition for
235 st. updat eSt at enent (stnt); /1 constant val ues
}
}
}
240 if (st.size() > 0) {
zcl s. appendFuncti ons(st);
/** Transl ates aggregations and conpositions */
245 private void transl ateAggregation(Rel ationship rel){
String whole = rel.get Wol eNane() ; /1 nanes of the classes
String part = rel.getPartNane();
bool ean np = rel.whatPartMiltiplicity() ; // one = F, nmany = T
PPAttribute watt = new ZPPAttribute(); /] attribute to be added
250 /1 to whole class
if (1)
wat t . set NaneType(| ower (part), part);
el se
wat t . set NanmeType(| ower (part) + "s", PONERSET + part); /1 mltiplicity many
255

260

ZPPd ass zcls = zspec. get d ass(whol e) ;
zcl s. appendAttri bute(watt); /1 append att to whol e class
zcl s. appendOmns(wat t. assenbl eZPPAttri but e(fal se)); /1 and info in OMS
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/** Transl ates associations */
private void transl ateAssoci ati on(Rel ati onship rel){
String rel Name = rel.getNane();
265 String aNane = (rel.getEnd1()).getd assNane(); /1 nanes of the two classes
String bNane = (rel.getEnd2()).getd assNane();
String typeLine = "";
bool ean ma = ((rel.getEnd1l()).getMultiplicity()).whatMiltiplicity(); // one =F, many =T
270 bool ean nb = ((rel.getEnd2()).getMultiplicity()).whatMiltiplicity();
ZPPAttribute zatt = new ZPPAttribute(); // first attribute to be
zatt. set NaneType( | NSTANCESOF + aNane, POMERSET + aNane); /1l added to
ZPPd ass zcls = zspec. appendd ass(upper(rel Nane) + DESCR); // the class created to
275 zcl s. appendOms(zatt. assenbl eZPPAttri but e(fal se)); /1 describe the association
zatt = new ZPPAttribute();
zatt. set NaneType( | NSTANCESOF + bNane, POMNERSET + bNane); /1 second attribute
zcl s. appendOms(zatt. assenbl eZPPAttri but e(fal se));
280
zatt = new ZPPAttribute(); /1 third attribute
if (ma & nb) typelLine = aName + REL_SI GN + bNang;
else if (!ma & nb) typeLine = bNane + PFUNCTI ON + aNane;
el se typeLine = aNanme + PFUNCTI ON + bNane;
285 zatt.set NaneType(| ower (rel Nane) + | NSTANCES, typeline);
zcl s. appendOms(zatt. assenbl eZPPAttri but e(fal se));
Statenent stnt = new Statenent(); /1 constraint
stnt. addLi ne(DOVAI N + | ower (rel Nane) + | NSTANCES + EQUAL + | NSTANCESCF + aNane);
290 stnt. addLi ne(RANGE + | ower (rel Nane) + | NSTANCES + EQUAL + | NSTANCESCF + bNare);
zcl s. appendl nvari ant (stnt);
ZPPd ass system = zspec. get d ass(SYSTEM ;
zatt = new ZPPAttribute(); /1 object descriptor for
295 zatt.set NaneType( THE + upper(rel Nane) + DESCR, upper(rel Name) + DESCR); // the association
syst em appendOans(zatt. assenbl eZPPAttri bute(fal se));
}
/** Translates UML type to a Z++ type*/
300 private String processType(String type, ZPPd ass zcls) {
if (type == null) /1 type not provided,
return null; /1 do nothing
if (type.indexO("[") == -1) /1 process scal ar type
305 return processScal ar Type(type, zcls);
String str = type.substring(type.indexOh("[") + 1, type.indexOF("]"));
if ((str.trinm()).length() == 0) /1 if array type, add seq
return SEQ + "(" + processScal ar Type(type. substring(0, type.indexOXf ("[")), zcls) +")";
310 return type; /1 if generic type, keep unchanged
}
/** Interprets UML types expresssed in scalar form*/
private String processScal ar Type(String type, ZPPd ass zcls) {
315 if (type == null)
return null;
if (type.equal s(NAT) || type.equal s(BYTE)) /1 conpare agai nst recogni sed basic types
return NATURALS;
320 if (type.equal s(INT) || type.equal s(INTEGER) || type.equal s(LONG))

325

return | NTEGERS;

if (type.equal s(REAL)|| type.equal s(DOUBLE) || type.equal s(FLQAT))
return REALS,

if (type.equal s(BOOLEAN))
return BOOL;
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if (type.equal s(VOD))
return VA D; /1 conpare with the fornal
if (zcls.getCParans() != null) /1 paraneters of the class, if any
if ((zcls.getCParans()).existsld(type))
return type;

if (cd.existsUMLRegd ass(type)) /] conpare with existing class types
return type;
if (zspec.getGvenSets() !'= null) /1 conpare with existing given sets

if ((zspec.getG venSets()).existsld(type.toUpperCase()))
return type.toUpperCase();
zspec. appendG venSet (type. t oUpper Case()); /1 if nothing found, create a given set
return type.toUpperCase();

}

/** Determnes the type of a UM class */
private String get CType(UMLd ass cls) {
if (cls instanceof UM.ParaBi ndd ass)
i f((((UMLParaBi ndd ass) cls).getCType()).equal s(PARA))
return PARA;
el se
return BI ND;
el se
return REG

}

/** Hel per 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);
}

/** Hel per operation that makes | owercase the first letter of a string */
private String lower(String text) {

String first = text.substring(0,1);

return text = first.tolLowerCase() + text.substring(1);
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/1 6. O assDi agram
package fcd;
inport java.util.*;

/**

* Mbdel s the UML cl ass diagram provided as input to FCD. Contains both checks for well-
* formedness and operations that inplenent parts of the translation to Z++

*/

public class d assDi agram i npl enents FCDConstants {

private String nane; /1 Contents of class diagram
private Col |l ection classes = new ArrayList(); /1 classes
private Collection relationships = new ArrayList(); /1 and rel ationshi ps

/1 Data access operations

public void setNanme(String nane) {
this. nane = nane;
}

public String getNane() {
return nane;

}
public Collection getRelationships () {
return rel ationshi ps;

}

public Collection getd asses() {
return cl asses;

}

public UMLA ass get UMLA ass(String classNane) {
UMLd ass cls = null;
for (lterator i = classes.iterator(); i.hasNext(); ) {
cls = (UMd ass) i.next();
if ((cls.getNane()).equal s(cl assNane))
br eak;
}

return cls;

}

public UMLA ass get UMLC ass(int index) {
return (UMLC ass) ((ArraylList) classes).get(index);
}

publ i ¢ bool ean exi st sUMLRegd ass(String classNane) {
bool ean found = fal se;
UMLd ass cls = null;
for (lterator i = classes.iterator(); i.hasNext(); ) {
cls = (UMd ass) i.next();
if ( !(cls instanceof UM.ParaBi ndd ass) && ((cls.getNane()).equal s(classNane)) ) {
found = true;
br eak;
}
}
return found;

}

/1 Wilities needed by the parser for populating the class diagramw th conponents

public UMLA ass createCd ass() {
UMLd ass cls = new UMLC ass();
cl asses. add(cl s);
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return cls;

}

publ i ¢ UML.Par aBi ndd ass createUM.Par aBi ndd ass() {
UM_Par aBi ndd ass cls = new UMLPar aBi ndd ass() ;
cl asses. add(cl s);
return cls;

70

}

public Rel ationship createRel ationship() {
Rel ationship rel = new Rel ationship();
rel ationshi ps. add(rel);
return rel;

75

}

/** Prints contents of class diagram?*/
public void printCd assDi agran() {
Logger.log("CD title =" + name);
for (lterator i = classes.iterator();
UMLd ass cls = (UMd ass) i.next();
cls.printUVMLd ass();

80

i . hasNext ();
85

for (lterator i = relationships.iterator();
Rel ationship rel = (Rel ationship)
rel.printRelationship();

i.next();
90

95

i . hasNext ();

) A

) A
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/1 7. UMLA ass
package fcd;

5 inport java.util.*;

/** Mbdel s regul ar UML cl asses; superclass of UM.ParaBind class */
public class UMLO ass inpl ements FCDConst ant s{
protected String nane;
10
protected Collection attributes
protected Coll ecti on operations

new ArraylList();
new ArraylList();

/] Data access nethods
15
public void setNane(String nane) {
this. nane = nane;
}

20 public String getNane() {
return nane;
}

public Collection getAttributes() {
25 return attributes;

}

public Collection getQperations() {
return operations;
30 }

/1 Wility nethods needed by the parser

public UMLAttribute createAttribute() {
35 UMLAttribute att = new UMLAttri bute();
attributes. add(att);
return att;

}

40 public UM.Qperation createQperation() {
UMLQper ation op = new UM.Qperation();
oper ati ons. add(op);
return op;

}

/** Verifies names of attributes within the class */
publ i ¢ bool ean checkAttri but eNanesUni que() {
bool ean ret = true;
Set s = new TreeSet();
50 for (lterator i = attributes.iterator(); i.hasNext(); ) {
UMLAttribute att = (UMLAttribute) i.next();
String ung = att.get Nane();
if (!'s.add(unqg)) {
Logger.log("CD Syntax Error: Duplicate attribute name detected: " + ung +
55 " for class " + getNane());
ret = fal se;
}

for (lterator i = operations.iterator(); i.hasNext(); ) {
60 UMLQperation op = (UM.Operation) i.next();
String ung = op.get Nane();
if (!'s.add(unqg)) {
Logger. |l og("CD Syntax Error: Duplicate attribute/operation nanme detected:
65 unq + " for class " + getName());
ret = fal se;

45

g
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}
return ret;
70 /** Verifies names of operations within the class */
publ i ¢ bool ean checkQper ati onNanesUni que() {
bool ean ret = true;
Set s = new TreeSet();
for (lterator i = operations.iterator(); i.hasNext(); ) {
75 UMLQperation op = (UM.Qperation) i.next();
String ung = op.get Nane();
if (!'s.add(unqg)) {
Logger.l og("CD Syntax Error: Duplicate operation name detected: " + ung +
" for class " + getNane());
80 ret = fal se;
}
}
for (lterator i = attributes.iterator(); i.hasNext(); ) {
UMLAttribute att = (UMLAttribute) i.next();
85 String ung = att.get Nane();
if (!'s.add(unqg)) {
Logger.l og("CD Syntax Error: Duplicate operation/attribute nane detected: " +
unq + " for class " + getName());
ret = fal se;
90 }
return ret;
}
95 /** Verifies names of operation paraneters */
publ i ¢ bool ean checkQpPar amNanesUni que() {
bool ean ret = true;
for (lterator i = operations.iterator(); i.hasNext(); ) {
UMLQperation op = (UM.Qperation) i.next();
100 if (!op.checkQpParanNanmesUni que(nane))
ret = fal se;
}
return ret;
}
105
/** Prints contents of the class */
public void printUMd ass() {
Logger. |l og("UMLd ass nane = " + nane);
for (lterator i = attributes.iterator(); i.hasNext(); ) {
110 UMLAttribute att = (UMLAttribute) i.next();
att.printUMLAttri bute();
for (lterator i = operations.iterator(); i.hasNext(); ) {
UMLQperation op = (UM.Qperation) i.next();
115 op. printOperation();

Logger. separator();
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/1 8. UM.ParaBi nd
package fcd;
inport java.util.*;

/** Mbdel s UML paraneterised and binding cl asses */
public class UM.ParaBi ndd ass extends UMLO ass{

private Col |l ection classParanmeters = new ArraylList();

private String reducedNang; /1 T[params] is the nane of the class
// and T is its reduced nane
private String ctype; /1 distinction paral/bind specified here

/] Data access nethods

public String getNane() {
return nane;
}

public String get ReducedNane() {
return reducedNane;
}

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

public String getCType() {
return ctype;
}

public Collection getd assParaneters() {
return cl assParaneters;
}

public voi d set NameAndPar aneters(String nane) {
this. nane = nane;
reducedNane = nane. substring(0, name.indexCi('['));
assenbl eParaneters();

}

/** Assenbl e the paraneters of the class for external representation */
private voi d assenbl eParaneters() {
String param = null;
String params = name. substring(name.indexO('[") + 1, nanme.indexCf(']1'));
while (true) {
if (parans.indexOr(',') == -1) {
param = parans;
cl assPar anet er s. add( paran) ;
br eak;
} else {
param = par ans. substring(0, parans.indexOH(',"));
params = parans. substring(parans.indexOf(',")+1);
cl assPar anet er s. add( paran) ;

}

/** Prints contents of the class */

public void printUMd ass() {
Logger.log("d ass reduced name = " + reducedNane + " type =" + ctype);
Logger. | ogLi ne("d ass paraneters =");

page 1 of 2
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for (Iterator i = classParaneters.iterator(); i.hasNext(); ) {
Logger.logLine(" " + (String) i.next());

}
Logger.log("");
70 super. print UMLA ass();

}
}
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/1 9. UMLAttribute
package fcd;

/* NModels attributes of classes fromthe UM space */
public class UMLAttribute {

private String nane;
private String type;
private String visType;
private String initVal ue;
private String property;

/1 Data access nethods

public void setNanme(String nane) {
this. nane = nane;
}

public String getNane() {
return nane;
}

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

public String getType() {
return type;
}

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

public String getVisType() {
return visType;
}

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

public String getProperty() {
return property;
}

public void setlnitValue(String initValue) {
if (linitValue.equals("null"))
this.initValue = initValue;

}

public String getlnitValue() {
return initVal ue;
}

/** Prints contents of attribute */
public void printUMAttribute() {
StringBuffer buf = new StringBuffer("Attribute nane:
if (type !'=null) {
buf . append("\n type: ");
buf . append(type);

/] attribute structure

' + nane);
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70

buf . append("\n visType: ");
buf . append(vi sType) ;
buf . append("\n property: ");

buf . append( property);

if (initvalue !'= null) {
buf . append("\n initvalue: ");
buf . append(i ni t Val ue) ;

}
String out = buf.toString();
Logger. | og(out);
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// 10. UMLOperation
package fcd;
inport java.util.*;

/** Mbdel s operation of classes fromthe UM space */
public class UML.Operation {

private String nane; /1 operation structure
private String visType;

private String retType;

private String property;

private Collection paraneters = new ArrayList();

/] Data access nethods

public void setNanme(String nane) {
this. nane = nane;
}

public String getNane() {
return nane;
}

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

public String getVisType() {
return visType;
}

public void setRet Type(String retType) {
if (!retType.equal s("null"))
this.retType = ret Type;

}

public String getRet Type() {
return retType;
}

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

public String getProperty() {
return property;
}

public Collection getParaneters() {
return paraneters;
}

/1 Wility nethod needed during parsing

public UM.Paraneter createParaneter() {
UM_Par anet er param = new UM.Par aneter () ;
par aret er s. add( par an) ;
return param

}

/** Verifies that names of operation paraneters are unique */
publ i ¢ bool ean checkQpPar anNanesUni que(String cl assNane) {
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bool ean ret = true;
Set s = new TreeSet();
for (Iterator i = parameters.iterator(); i.hasNext(); ) {
70 UMLPar aneter pm = (UM.Paraneter) i.next();
String ung = pm get Nane();
if (!'s.add(unqg)) {
Logger.l og("CD Syntax Error: Duplicate paraneter name detected: " + ung +
" for operation: "+ nane + " in class " + classNane);
75 ret = fal se;
}
}
return ret;
80
/** Prints contents of operation */
public void printQOperation() {
StringBuffer buf = new StringBuffer("Operation nane: " + nane);
buf . append("\n visType: ");
85 buf . append(vi sType) ;
if (retType !'= null) {
buf . append("\n retType: ");
buf . append(ret Type) ;
}
90 buf . append("\n property: ");
buf . append( property);
String out = buf.toString();
Logger. | og(out);
95 for (Iterator i = parameters.iterator(); i.hasNext(); ) {

100

UMLPar anet er param = (UM.Paraneter) i.next();
param pri nt Paraneter();
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/1 11. UMLPar anet er
package fcd;
public class UM.Paraneter {
private String nane;
private String type;
private String dir;
/1 Data access nethods
public void setNanme(String nane) {

this. nane = nane;
}

public String getNane() {
return nane;
}

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

public String getType() {
return type;
}

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

}

public String getDir() {
return dir;

}

/** Prints contents of paraneter */
public void printParaneter() {

StringBuffer buf = new StringBuffer("Paranmeter nane:

buf . append("\n type: ");
buf . append(type);
buf . append("\n dir: ");

buf . append(dir);
String out = buf.toString();
Logger. | og(out);

' + nane);
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/1 12. Rel ationship
package fcd;

/** Mbdel s binary relationship between classes */
public class Relationship inplenents FCDConstants {

private String nane;
private Rel ationshi pEnd endl;
private Rel ationshi pEnd end2;

/] Data access nethods

public void setNane(String nane) {
if (!'nane.equals("null"))
this. nane = nane;

}

public String getNane() {
return nane;
}

public voi d set End1(Rel ati onshi pEnd end) {
this.endl = end;
}

public Rel ationshi pEnd get End1() {
return endl;
}

public voi d set End2(Rel ati onshi pEnd end) {
this.end2 = end;
}

public Rel ationshi pEnd get End2() {
return end2;
}

public String getWol eNane() {
if (isAggregation()) {
if ((endl.getKind()).equal s(AGEREG))
return endl. get d assNane();
el se
return end2. get d assNane();

return null;

}

public String getPartNanme() {
if (isAggregation()) {
if ((endl.getKind()).equal s(AGEREG))
return end2. get d assNane();
el se
return endl. get d assNane();

return null;

/** Determines the kind of the relationship */
public String getRel ationshipKind() {
if (isAssociation())
return ASSOCI ATI O\
else if (isAggregation())
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return AGGREGATI O\

else if (isConposition())
return COVPCSI TI O\

else if (isCeneralisation())
return GENERALI SATI ON,

el se
return | NSTANTI ATI O\

}

/** Checks if two given classes are the ones involved in the relationship */
publ i ¢ bool ean hasd assEnds(String classNaneA, String cl assNameB) {
return ((endl. get G assNane()). equal s(cl assNaneA) &&
(end2. get A assNane()) . equal s(cl assNaneB)) ||
((end2. get A assNane()) . equal s(cl assNaneA) &&
(endl. get A assNane()) . equal s(cl assNaneB)) ;
}

/** Determines the nultiplicity of the whole end of conposition (one or many) */
publ i c bool ean what Whol eMul tiplicity() {
if ((endl.getKind()).equal s(AGEREG))
return (endl.getMiltiplicity()).whatMiltiplicity();
el se
return (end2.getMultiplicity()).whatMiltiplicity();
}

/** Determines the nultiplicity of an aggregation end */
public bool ean whatPartMil tiplicity() {
if ((endl.getKind()).equal s(AGEREG))
return (end2.getMiltiplicity()).whatMiltiplicity();
el se
return (endl.getMiltiplicity()).whatMiltiplicity();
}

I/l Operations to determine if the relationship is of a given kind */

publ i c bool ean isAssociation(){
return (endl. getKind()).equal s(ASSOC) && (end2.getKi nd()).equal s(ASSCC);
}

publ i c bool ean i sAggregation(){
return ((endl.getKind()).equal s(AGGREG && (end2.getKind()).equal s(NONE)) ||
((endl. getKi nd()). equal s(NONE) && (end2.getKi nd()).equal s(AGEREG)) ;
}

publ i ¢ bool ean i sConposition(){
return ((endl.getKind()).equal s(COW) && (end2.getKind()).equal s(NONE)) ||
((endl. getKi nd()). equal s(NONE) && (end2.getKind()).equal s(COW));
}

public bool ean islnstantiation(){
return ((endl.getKind()).equal s(CENERI C) && (end2.getKind()).equal S(NONE)) ||
((endl. getKi nd()).equal s(NONE) && (end2.getKind()).equal sS(GENERICQ));
}

public bool ean isGeneralisation(){
return ((endl.getKind()).equal s(SUPER) && (end2.getKind()).equal s(NONE)) ||
((endl. getKi nd()).equal s(NONE) && (end2.getKind()).equal s(SUPER));
}

/** Determines if the relationship is of a given kind */
publ i c bool ean i sRel ati onshi pKi nd(String endKi nd) {
return ((endl.getKind()).equal s(endKi nd) && (end2.getKind()).equal S(NONE)) ||
((endl. getKi nd()).equal s(NONE) && (end2. getKind()).equal s(endKind));
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/** Verifies that the two ends of the relationship are correctly formed */
publi ¢ bool ean checkEnds() {
bool ean ret = true;

if (((endl.getKind()).equal s(ASSCC) && ! (end2.getKind()).equal s(ASSCC))
(!(endl. getKind()).equal sS(ASSOC) && (end2.getKind()).equal s(ASSCC)))
Logger. | og("CD SYNTAX ERROR Incorrect association ends (" +
endl.getKind() + ", " + end2.getKind() + ")");
ret = fal se;

I
{

if (((endl.getKind()).equal s(AGEREG && !(end2.getKind()).equal s(NONE))|| // aggregation

(!(endl. getKind()).equal s(NONE) && (end2.getKind()).equal s(AGGREG))) {

Logger. | og("CD SYNTAX ERROR Incorrect aggregation ends (" +
endl.getKind() + ", " + end2.getKind() + ")");

ret = fal se;

if (((endl.getKind()).equal s(COW) && !(end2.getKind()).equal s(NONE))|| // conposition

(!(endl. getKind()).equal s(NONE) && (end2.getKind()).equal s(COWP))) {
Logger. | og("CD SYNTAX ERROR Incorrect conposition ends (" +
endl.getKind() + ", " + end2.getKind() + ")");
ret = fal se;

if (((endl.getKind()).equal s(SUPER) && ! (end2.getKind()).equal s(NONE))
(!(endl. getKind()).equal s(NONE) && (end2.getKind()).equal s(SUPER)))
Logger. | og("CD SYNTAX ERROR Incorrect generalisation ends (" +
endl.getKind() + ", " + end2.getKind() + ")");
ret = fal se;

}

if (((endl.getKind()).equal s(GENERIC) && ! (end2.getKind()).equal s(NONE))
(!(endl. getKind()).equal s(NONE) && (end2.getKind()).equal s(GENERIC)))
Logger. | og("CD SYNTAX ERROR Incorrect instantiation ends (" +

/1 generalis.

|
{

/1 instant.

I
{

endl.getKind() + ", " + end2.getKind() + ")");
ret = fal se;
}
return ret;

}

/** Verifies that a nane is given to an association */
publ i ¢ bool ean checkAssoci ati onHasNane() {
bool ean ret = true;
if (((endl.getKind()).equals(ASSOCC)) && (nane == null)) {
Logger. | og(" CD SYNTAX ERROR Associ ation without name detected");
ret = fal se;

}

return ret;

}

/** Verifies that the whole part of conposition has nultiplicity one */

publ i ¢ bool ean checkConpositionMult One() {
bool ean ret = true;
if (((endl.getKind()).equals(COW)) && !(endl.getMultiplicity().isMiltiplicityOne())
|| ((end2.getKind()).equal s(COW)) && !(end2.getMultiplicity().isMultiplicityOne())){

Logger. | og("CD SYNTAX ERROR Miltiplicity of whole part of conposition not 1");
ret = fal se;

}

return ret;

/1 associ ation
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/** Verifies that both ends of the relationship have nultiplicity one */
publ i ¢ bool ean checkRel ati onshi pMult One(String endKind, String rel Kind) {
bool ean ret = true;

if (
((((endl. getKind()).equal s(endkind)) || ((end2.getKind()).equals(endKind)) ) &&
I'((endl.getMultiplicity().isMiltiplicityOne()) &&
(end2.getMultiplicity().isMultiplicityOne()))
A

Logger.l og("CD SYNTAX ERROR Miltiplicity of "+ relKind + " end not 1");
ret = fal se;

}

return ret;

}

/** Prints contents of relationship */
public void printRelationship() {
Logger. separator();
if (name !'= null)

Logger. | og("Rel ati onshi p name =
Logger. |l og("Rel ati onship endl = ");
endl. print Rel ati onshi pEnd();
Logger. |l og("Rel ati onship end2 = ");
end2. print Rel ati onshi pEnd() ;

' + nane);




337

Rel ati onshi pend. j ava

page 1 of 1

10

15

20

25

30

35

40

45

50

55

60

/1 13. Rel ati onshi pEnd
package fcd;
inport java.util.*;

/** Mbdel s the ends of the relationships */
public class Rel ationshi pEnd {

private String kind;
private String cl assNane;
private Multiplicity multiplicity;

/1 Data access nethods

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

public String getKind() {
return kind;
}

public void setd assName(String classNanme) {
this.classNane = cl assNang;
}

public String getd assNane() {
return cl assNane;
}

public Multiplicity getMiltiplicity() {
return nultiplicity;
}

/** Wility nethod needed during parsing */

public Multiplicity createMultiplicity() {
multiplicity = new Multiplicity();
return nultiplicity;

}

/** Verifies the validity of the end's multiplicity */
public bool ean checkMultiplicity() {

return nultiplicity.isWellFormedMultiplicity();
}

/** Prints contents of relationship end */
public void printRelationshi peEnd() {
StringBuffer buf = new StringBuffer("Relationship end:");

buf . append("\n kind: ");
buf . append(ki nd) ;
buf . append("\n class nane: ");

buf . append( cl assNane) ;

String out = buf.toString();
Logger. | og(out);

mul tiplicity.printMiltiplicity();
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/1 14, Miltiplicity

package fcd;
inport java.util.*;

/** Mbdels the multiplicity constraint attached to a relationship end*/

public class Miltipli

city {

private Collection ranges = new ArraylList();

/** Wility method
publi ¢ Range creat

needed during parsing */
eRange() {

Range range = new Range();
ranges. add(range) ;

return range;

}

/* Determnes if t

he nultiplicity is one or many */

public bool ean what Ml tiplicity(){
if (ismultiplicityMany())

return true;
el se

return false;

}

/** Checks that the multiplicity has the form:

where K > 0,
and b(i) < a(i

a(i) >= 0, b(0) >0, a(i) <= b(i),
+1), 0 <=i <= K-1 */

public bool ean i sVl FornmedMultiplicity() {

bool ean ret = true;

int size = ranges.size();
int bsaved = 0;

int i =0;

while (ret & (i < size)) {

int a=0;
int b=0;

Range range

= (Range) ((ArrayList) ranges) .get(i);

String begin = range. getBegin();
String end = range. get End();

Logger. | og("CD SYNTAX ERROR Miltiplicity interrange inproperly forned "

try {
a = |Integer. parselnt(begin);
if (a>=0) {
if (i >0 {
if (a <= bsaved){
+ "(end " + bsaved + "
ret = fal se;
}
}
try {
b = Integer. parselnt(end);
if (b>=1) {
if ( b>=a){
bsaved = b;
i ++;
} else {

Logger. | og("CD SYNTAX ERROR Miltiplicity range inproperly formed " +

"(end " + a + " and
ret = fal se;

}
} else {

[a(1)..b(1), a(2)..b(2), a(K)..b(K)]

I/l false = one, true = nany

0 <=i <= K

,

/1 check all ranges as |ong
I/l as long as no error

/1 ai nust be numnbers
/1 greater or equal to zero

/1 a(i+l) > b(i) ?

and next begin " +a + ")");

/1 b(i) must be nunbers except
/1 for b(K) which nay be *
/1 a(i) <= b(i) ?

/1 so far, so good; check next
/1 a(i) > b(i)

begin " + b + ")");

/1 all b(i) nust be >0
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Logger. | og("CD SYNTAX ERROR End of nultiplicity range less " +
" than 1 (" + b+ ")");
ret = fal se;

}
} catch (Exception x) {

if (1((i == size-1) && (end.equals("*")))) { /1 only b(K) may be "*"

Logger. | og("CD SYNTAX ERROR. End of nultiplicity range not a number (" +
end +")");

ret = fal se;

)

i ++;

H _
} else { /Il a(i) <0

Logger. | og("CD SYNTAX ERROR Negative nunber in beginning of nultiplicity " +
"range (" + begin + ")");
ret = fal se;

}
} catch (Exception x) { /1 a(i) not a nunber
Logger. | og(" CD SYNTAX ERROR Beginning of nultiplicity range not a nunmber (" +
begin + ")" );
ret = fal se;
}
return ret;
}
/** Checks if multiplicity is "one" -- given as range (1 .. 1) */

public bool ean isMiltiplicityOne(){
return (ranges.size() == 1) & ((Range) ((ArrayList) ranges) .get(0)). isOne();
}

/** Checks if multiplicity is "many" */
public bool ean isMiltiplicityMany(){

return (ranges.size() > 1) || ((Range) ((ArrayList) ranges) .get(0)). isMany();
}

/** Prints contents of nultiplicity */
public void printMiltiplicity() {
Logger. | og("Ranges: " + ranges.size());
for (lterator i = ranges.iterator(); i.hasNext(); ) {
Range range = (Range) i.next();
range. pri nt Range();
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/1 15. Range
package fcd;
5
/** Mbdel s ranges of values; used for expressing multiplicity constraints */
public class Range {
private String begin;
private String end;
10
/1 Data access nethods
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 bool ean isOne() {
bool ean ret = true;
try {
int b = Integer.parselnt(begin);
30 int e = Integer.parselnt(end);
if (b!=1]] e!=1)
ret = fal se;
} catch (Exception e) {
ret = fal se;
35
return ret;
/** Checks if range is "zero or one", i.e. (0..1) or (1..1) */
publ i c bool ean isZeroO One() {
40 return lisMany();
}
/** Checks if range indicates a "many" nultiplicity; i.e., neither (0 .. 1) nor (1 .. 1) */
public bool ean i sMany() {
45 bool ean ret = true;
try {
int b = Integer.parselnt(begin);
int e = Integer.parselnt(end);
if ((b==01]] b==1) & (e == 1))
50 ret = fal se;
} catch (Exception e) {
ret = fal se;
}
return ret;
55
/** Prints contents of range */
public void printRange() {
StringBuffer buf = new StringBuffer("Range begin = ");
buf . append( begi n);
60 buf . append(" .. end =");

65

buf . append( end) ;
String out = buf.toString();
Logger. | og(out);
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/1 16. ZPPSpec

package fcd;

inport java.util.*;

/** Mbdel s a Z++ specification */

public class ZPPSpec inpl enents FCDConstants {
private String nane;

private IdList givenSets; /1 given sets

private StatenentList global Decl arations; /1 gl obal declarations

private Coll ection classes; /1 all other classes

private StatenentlList hidingOps; /1 hiding operations on
/'l classes

public ZPPSpec() {
this(null);
}

public ZPPSpec(String nane) {
this. nane = nane;
appendd ass( SYSTEM ;

/1 Data access nethods

public void setNane(String nane) {
this. nane = nane;

}

public String getNane() {
return nane;

}

public IdList getdvenSets() {
return givenSets;
}

public Collection getd asses() {
return cl asses;
}

public ZPPQ ass getd ass(String classNane) {
ZPPd ass zcls = null;
for (lterator i = classes.iterator(); i.hasNext(); ) {
zcls = (ZPPd ass) i.next();
if ((zcls.getNanme()).equal s(cl assNane))
br eak;
}

return zcls;

}

/1 Append operations for the parts of the specification used in automated formalisation

public ZPPO ass appendC ass(String nane) {
ZPPd ass cls = new ZPPO ass(nane);
if (classes == null)
classes = new ArraylList();
cl asses. add(cl s);
return cls;

public voi d appendG venSet (String givenSet) {
if (givenSets == null)
givenSets = new ldList();
gi venSet s. append( gi venSet) ;
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public voi d appendH di ngOps(Statenment stnt) {
if (hidingQps == null)
hi di ngOps = new St at ement Li st () ;
hi di ngOps. append(stnt);

/** Prints contents of ZPP specification */
public void printZPPSpecification() {
if (givenSets != null)

Logger.log("[" + givenSets.listlds() + "]"); /1 given sets
for (lterator i = classes.iterator(); i.hasNext(); ) {

ZPPd ass cls = (ZPPO ass) i.next();

cls.printZPPd ass(); /1 classes

}

Logger.log("");

if (hidingOps !'= null) {
ArrayLi st statements = hi di ngOps. get Stat enents();
int size = statenents. size();

for (int i =0; i <size; i++) {
Statenent stnt = (Statenent) statenents.get(i);
Logger.log(stnt.listLines(0)); /1 hiding operations
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/ 17. ZPPd ass

package fcd;

inport java.util.*;

/** Mbdel s a Z++ class */

public class ZPPQ ass inpl ements FCDConstants {
/1 'external' representation

private String nane; /1 class nane

private |dList cparans; /1 class paraneters

private |dList zextends; /1 EXTEND cl ause

private IdList publics; /1 PUBLI CS

private StatenentlList types; /1 TYPES

private StatenentlList functions; /1 FUNCTI ONS

private StatenentList owns; /1 OMS

private StatenentList operations; /1 OPERATI ONS

private StatenentList returns; /1 RETURNS

private StatenentlList actions; /1 ACTI ONS

private StatenentList invariant; /1 | NVARI ANT

private StatenentList history; /1 H STORY

private Col |l ection zppAttributes; /1 'internal' representation
private Col | ection zppQperations; /1l attributes, operations
private |dList hiddenFeatures; // and the list of hidden features

/1 Constructors
public ZPPQ ass() {
this(null);

}
public ZPPO ass(String nane) {
if(name != null) setName(nane);
ZPPQper ation zop = new ZPPQperation("init");
zop. setStar(true);
appendQper ati on(zop);
}

/1 Data access nethods
public void setNane(String nane) {
this. nane = nane;

}
public String getNane() {
return nane;

}
public void setCParans(ldList idl) {
if(cparans == null)
cparanms = new ldList();
cparans. setltens(idl);
}

public IdList getCParams() {
return cparans;

}
public void setExtends(ldList idl) {
if(zextends == null)
zextends = new ldList();
zextends. setltens(idl);
}

public Collection getZPPAttributes() {
return zppAttributes;
}
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public Collection getZPPOperations() {
return zppQperations;

}

public IdList getH ddenFeatures() {
return hi ddenFeat ures;
}

/1 Append operations for those clauses used in the formalisation process
public void appendPublics(String feature) {
if( publics == null)
publics = new IdList();
publ i cs. append(feature);

}

public voi d appendFunctions(Statenment stnt) {
if (functions == null)
functions = new StatenentList();
functions. append(stnt);

}

public voi d appendOamns(Statement stnt) {
if (owns == null)
owns = new StatenentList();
owns. append(stnt);

public void appendReturns(Statenent stnt) {
if (returns == null)
returns = new StatenentList();
returns. append(stnt);

}
public voi d appendQOperations(Statement stnt) {
if( operations == null)
operations = new StatenentList();
oper ati ons. append(stnt);
}
public void appendActions(Statenent stnt) {
if (actions == null)
actions = new StatenentList();
actions. append(stnt);
}
public voi d appendH ddenFeatures(String feature) {
i f( hiddenFeatures == null)
hi ddenFeatures = new I dList();
hi ddenFeat ur es. append(feature);
}

public void appendAttribute(ZPPAttribute zatt) {
if (zppAttributes == null)
zppAttributes = new ArraylList();
zppAttributes. add(zatt);

public voi d appendOperati on(ZPPQper ati on zop) {
if (zppOperations == null)
zppQperations = new ArraylList();
zppQper at i ons. add( zop) ;
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public void appendl nvariant (Statement stnt) {
if (invariant == null)

invariant = new StatenentList();
i nvariant. append(stnt);

}

public ZPPQperation getlnitQo() {
ZPPQper ation zop = null;
for (lterator i = zppOperations.iterator(); i.hasNext();
zop = (ZPPQperation) i.next();
if ((zop.getNane()).equals("init"))
br eak;

return zop;

public bool ean islnitQpEnpty() {
if ((getlnitOp()).getd ause() == null)
return true;
return false;

}

/** Prints contents of class */
public void printZPPd ass() {
Logger. separator();
Logger. | ogLi ne("CLASS " + name + " ");
if (cparans != null)
Logger.logLine("[" + cparans.listlds() + "] ");

if (zextends != null && zextends.getltenms() != null )
Logger.| og( EXTENDS + " " + zextends.listlds() + " ");
el se

Logger . 1 og("");

Logger . | 0gZPPLi st O ause( PUBLI CS, publics);

Logger . | ogZPPSt nt G ause( TYPES, types, 3);

Logger . | 0gZPPSt nt G ause( FUNCTI ONS, functions, 3);
Logger . | ogZPPSt nt G ause( OMNS, owns, 0);

Logger . | 0gZPPSt nt Gl ause( RETURNS, returns, 0);
Logger . | 0gZPPSt nt Cl ause( OPERATI ONS, operations, 0);
Logger . | 0gZPPSt nt G ause(| NVARI ANT, invariant, 0);
Logger . | 0gZPPSt nt C ause( ACTI ONS, actions, 0);
Logger . | ogZPPSt nt G ause(H STORY, history, 0);
Logger. | og("END CLASS");

) {

/1 nane
/1 formal

/1 EXTENDS

paraneters, if any




346

ZPPAttribute.java

page 1 of 2

10

15

20

25

30

35

40

45

50

55

60

65

/1 18. ZPPAttribute
package fcd;

/** Models a Z++ attribute */
public class ZPPAttribute inplenents FCDConstants {
private String nane;
private String type;
private String visType = PROTECTED;
private String initValue;
private String clause = OMS;

/1 Constructors

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

}

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

public ZPPAttribute(String name, String type) {
if (name !'= null) setNane(nane);
if (type !'=null) setType(type);

/1 Data access nethods
public void setNane(String nane) {

this. nane = nane;
}

public void getNane(String nane) {
return nane;
}

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

public void set NameType(String name, String type) {
this. nane = nane;
this.type = type;

public String getType() {
return type;
}

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

}
public String getVisType() {
return visType;

}

public void setlnitValue(String initValue) {
this.initValue = initValue;

}

public String getlnitValue() {
return initVal ue;

/1
11

info needed for fornalisation

("internal

representation")
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public void setd ause(String clause) {
this.clause = cl ause;
}

public String getd ause() {
return clause;
}

/** Assenbles the external representation of the attribute definition */
public Statenent assenbl eZPPAttribute(bool ean frozen) {
Statenent stnt = new Statenent();
if (type == null) type ="";
String line = nane + COLON + type; /1 prepare for OMS cl ause
if (frozen) line = BAR + line;
else line += SEM COLON, /1 or for FUNCTI ONS
stnt. addLi ne(line);
return stnt;

}

/** Assenbl es the external representation in OMS of the attribute initialisation */
public Statenent assenbl eZPPAtt Assi gnOamns() {

Statenent stnt = new Statenent();

String line = nane + EQUAL + initVal ue;

stnt. addLi ne(line);

return stnt;

}

/** Assenbl es the external representation in FUNCTIONS of the attribute initialisation */
public Statenent assenbl eZPPAtt Assi gnFunctions() {
Statenent stnt = new Statenent();
stnt. addLi ne(BAR + nane + EQUAL + initValue);
return stnt;
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/1 19. ZPPQperation
package fcd;
inport java.util.*;

/** Model s a Z++ operation */

public class ZPPQperation inplenents FCDConst ant s{
private String nane;
private String visType;
private bool ean star; /1 false by default,
private String cl ause;
private ZPPOpSi gnature opSignature = new ZPPpSignature();
private ZPPCpDefinition opDefinition = new ZPPOpDefi nition();

/1 Constructors
public ZPPQperation() {

this(null);
}
public ZPPQperation(String nane) {
if (name !'= null) setNane(nane);
}

/] Data access nethods

public void setNane(String nane) {
this. nane = nane;

}

public String getNane() {
return nane;
}

public void setStar(bool ean star) {
this.star = star;
}

public bool ean getStar() {
return star;
}

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

public String getVisType() {
return visType;
}

public void setd ause(String clause) {
this.clause = cl ause;
}

public String getd ause() {
return cl ause;
}

public void setSignature() {
/1 opSi gnat ur e. addl nput 1 d() ;

public void setDefinition() {
/1 opSi gnat ur e. addl nput 1 d() ;

true if internal operation
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publ i c ZPPOpSi gnat ure get QpSi gnature() {
return opSignature;

}

70 public ZPPCpDefinition get QpDefinition() {
return opDefinition;
}

/** Assenbl es signature for presentation in OPERATIONS or RETURNS cl ause */
75 public Statenent assenbl eSignature() {
Statenent stnt = new Statenent();
String line = nane + COLON + opSignature. getSi gnSpec() + SEM COLON,
stnt. addLi ne(line);
return stnt;
80 }

/** Assenbles definition for presentation in ACTION cl ause */
public Statenent assenbl eDefinition() {
Statenent stnt = new Statenent();
85 String line = nane + " " + opDefinition.getDefSpec() + OPDEF;
stnt. addLi ne(line);
Statenent Li st stntList = opDefinition.getCode();

if (opDefinition.getCode() != null) {
90 for (lterator i = (stntList.getStatenents()).iterator(); i.hasNext();
Statenment st = (Statenent) i.next();
for (lterator it = (st.getLines()).iterator(); it.hasNext(); ) {
String str = (String) it.next();
stnt. addLi ne(str+ SEM COLON) ;
95 }
}
}

return stnt;

100 }

) A
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/1 20. ZPPQOpSi gnature
package fcd;

/** Mbdel s the signature of a Z++ operation*/
public class ZPPOpSi gnature inpl ements FCDConst ant s{

private IdList inputDomains = new |dList();
private |dList outputDomai ns= new |dList();

/1 Data access nethods

public voi d appendl nput Donai n(String dom {
i nput Donai ns. append(don) ;

}

public voi d appendQut put Domai n(String don) {
out put Domai ns. append(don) ;
}

public IdList getlnputDonmains() {
return input Donai ns;
}

public IdList getQutputDonains() {
return out put Domai ns;
}

/** Assenbl es the external representation of the operation's signature */
public String getSignSpec() {

return inputDonains.listlds() + ARRONRI GHT + out put Donai ns. listlds();
}
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/1 21. ZPPOpDefinition
package fcd;

/** Mbdel s the definition of a Z++ operation */
public class ZPPQpDefinition inplements FCDConstant s{
private Statenent precondition;
private IdList inputList = new IdList();
private IdList outputList= new IdList();
private StatenentList code;

/1 Data access nethods

public void setPrecondition(Statenment precondition) {
this.precondition = precondition;

}

public Statenent getPrecondition() {
return precondition;
}

public voi d appendCode( St atement stnt) {
if (code == null)
code = new StatenentList();
code. append(stnt);

public StatenentList getCode() {
return code;
}

public void appendl nputld(String id) {
i nput Li st. append(id);
}

public IdList getlnputList() {
return inputlList;
}

public void appendQutputld(String id) {
out put Li st. append(i d);
}

public IdList getQutputList() {
return outputList;
}

/** Assenbl e the external representation of the operation's definition */
public String getDef Spec() {

return inputList.listlds() + " " + outputList.listlds();
}

/** Prints contents of operation */

public void printZPPQpDefinition() {
StringBuffer buf = new StringBuffer("Operation signature");
buf . append("\nlnput list: " + inputList.listlds());
buf . append("\nQutput list: " + outputList.listlds());
String out = buf.toString();
Logger. | og(out);
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/1 22. StatenentlList
package fcd;
inport java.util.*;

/** Mbdels a list of Z++ statenments */
public class StatenentList {

private Collection statenents = new ArraylList();

/** Appends statenent to the list */

public voi d append(Statenent stnt) {
statenents. add(stnt);

}

/** Returns the contents of the list */

public ArraylList getStatenents() {
return (ArrayList) statenents;

}

/** Determnes the nunber of statenents in the list
public int size() {

return statenents. size();
}

*/
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/1 23. Statenent

package fcd;

inport java.util.*;

/* Model s a Z++ statenent of one or nore lines */
public class Statenent inplenments FCDConstant s{

private Collection lines = new ArrayList();
private String kind;

/] Data access nethods

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

}

public String getKind() {
return kind;

}

public Collection getLines() {
return lines;
}

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

public void addLine(String line) {
l'i nes. add(line);

}
public voi d updat eSt at ement (St at ement stnt) {
for (lterator i = (stnt.getLines()).iterator(); i.hasNext(); )
lines.add((String) i.next());
}

/** 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());
}

/** Qutputs lines in the form line [\nline]l* */
public String listLines(int indent) {

StringBuffer buf = new StringBuffer();

int size = lines.size();

buf . append((String) ((ArrayList) lines).get(0));

StringBuffer ind = new StringBuffer();

for (int i =0; i <indent; i++)

ind. append(" ");

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

return buf.toString();
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/1 24. 1dList

package fcd;

inport java.util.*;

/** Models a list of identifiers */

public class IdList inplenents FCDConstants {

private Collection itens;

public ldList() {
}

/] Data access nethods
public void setltens(ldList idl) {

items = idl.getltens();
}

public Collection getltens() {
return itens;

}
public void append(String id) {
if (itens == null)
itenms = new ArraylList();
itens. add(id);
}

/** Checks if a particular itembelongs to the list */
public bool ean existsld(String id) {

return itemns.contains(id);
}

/** Qutputs items in the form item[,itenj* */
public String listlds() {
if (itens == null)
return EMPTY;

StringBuffer buf = new StringBuffer();

int size = itens.size();
buf . append((String) ((ArrayList) itens).get(0));
for (int i =1; i <size; i++)
buf . append(", " + (String) ((ArrayList) itens).get(i) );

return buf.toString();
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/1 25. Logger
package fcd;
5 inport java.io.*;
inport java.util.*;
/** Wility class for handling messages to the user */
public class Logger inplenents FCDConstants {
10
private static FileWiter witer;
private static final String nl = SystemgetProperty("line.separator");
/** Displays general message */
15 public static void log (String string) {
if (witer !'=null) {
try {
witer.wite(string);
witer.wite(nl);
20 witer.flush();
} catch (Exception e) {
Systemerr.printIln("Unable to wite");
} else
25 Systemout. println(string);
}
public static void logLine (String string) {
if (witer I'=null) {
30 try {
witer.wite(string);
writer.flush();
} catch (Exception e) {
Systemerr.println("Unable to wite");
35
} else
Systemout. print(string);
}
40 /** Displays result of test */
public static void | ogCheckResult(String text, bool ean result) {
if (result)
log ("CHECK " + text + " PASSED');
el se
45 log ("CHECK " + text + " FAILED');
/** Prints a text separator */
public static void separator() {
50 StringBuffer buf = new StringBuffer("// ");
for (int i =0; i < SEP_WDTH, i++) buf.append("-");
log (buf.toString());
}
55 /** Prints statenents of Z++ clauses with given indentation */
public static void | ogZPPStnt O ause(String clauseNanme, StatenentList clause, int indent) {
| og( cl auseNan®) ;
if (clause !'= null) {
ArrayLi st statements = cl ause. get Statenments();
60
int size = statenents. size();
for (int i =0; i <size; i++) {
Statenent stnt = (Statenent) statenents.get(i);
Logger. | og(I NDENT + stnt.listLines(indent));
65
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/** Prints lists of identifiers included in clauses EXTENDS and PUBLI CS*/
public static void | ogZPPLi std ause(String cl auseNanme, |dList clause) {
| og( cl auseNane) ;
if (clause !'= null)
Logger. | og(| NDENT + clause.listlds());

/** Initialises the output file */
public static void init (String fileNane) {
try {
witer = new FileWiter(fileNane, false); // false neans start fromthe beginning
} catch (Exception e) {
Systemout.println ("Unable to create the output file");
}
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/1 26. FCD Constants

package fcd;

5
/* Collection of
public interface
public static final
public static final
10 public static final
public static final
public static final
public static final
15 public static final
public static final
public static final
public static final
20 public static final
public static final
public static final
public static final
25 public static final
public static final
public static final
public static final
30 public static final
public static final
public static final
public static final
public static final
35
public static final
public static final
public static final
public static final
40 public static final
public static final
public static final
public static final
public static final
45 public static final
public final static
public final static
public final static
50 public final static
public final static
public final static
public final static
public final static
55 public final static
public final static
public final static
public final static
60 public final static
public final static
public final static
public final static
public final static
65 public final static

Stri
Stri
Stri

Stri
Stri
Stri
Stri
Stri
Stri

Stri
Stri
Stri
Stri
Stri

Stri
Stri
Stri

Stri
Stri
Stri
Stri
Stri
Stri

Stri
Stri
Stri
Stri
Stri
Stri
Stri
Stri
Stri
Stri

Stri
Stri
Stri
Stri
Stri
Stri
Stri
Stri
Stri
Stri
Stri

Stri
Stri
Stri
Stri
Stri
Stri
Stri

ng
ng
ng

ng
ng
ng
ng
ng
ng

ng
ng
ng
ng
ng

ng
ng
ng

ng
ng
ng
ng
ng
ng

ng
ng
ng
ng
ng
ng
ng
ng
ng
ng

ng
ng
ng
ng
ng
ng
ng
ng
ng
ng
ng

ng
ng
ng
ng
ng
ng
ng

constants used by the AFCD */
FCDConst ants {

REG ="reg";

PARA = "para";

Bl ND = "bind";

ASSCC = "assoc";

CowP = "conp";

CGENERI C = "generic";

AGGREG = "aggreg";

SUPER = "super";

NONE = "none";

ASSQCI ATI ON = "associ ation";
AGGREGATI ON = "aggregation";
COVPCSI TI ON = "conposition";
CGENERALI SATI ON = "general i sation";
I NSTANTI ATION = "instantiation";
PUBLI C = "public";

PROTECTED = "protected";

PRI VATE = "private";
CHANGEABLE = "changeabl e";
FROZEN = "frozen";

QUERY =

I'N =

out =

I NOUT =

EXTENDS = "EXTENDS";

PUBLI CS = "PUBLI CS";

TYPES = "TYPES";
FUNCTIONS = "FUNCTI ONS*;
OMS = "OMS";

RETURNS = "RETURNS";
OPERATI ONS = " OPERATI ONS";

I N\VARIANT = "1 NVARI ANT";

ACTI ONS = "ACTI ONS";

H STORY = "H STORY";
NAT = "unsigned int";
= "byte";
="int";

= "integer";

= "long";

= "real";
FLOAT = "float";
DOUBLE = "double";
Vva D = "void";
BOOLEAN = "bool ean";
SEQ = "seq";
ARRONRIGHT =" -->";
REL_SI GN =" <-->";
PFUNCTI ON =" -]->";
DEF =" ="
OPDEF =" == "
NATURALS ="|N';
| NTEGERS ="z

/1 kinds of classes

/1 relationships ends

/1 relationships

/1 visibility

/1 property and
/1 direction

/1 clauses of Z++ class

/] data types

/1 special synbols
/1 for Z statenments
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95

public final static String REALS
public final static String BOOL
public final static String FI Nl TESET
public final static String POANERSET
70 public final static String EQU YV
public final static String QUESTI ON_MARK
public final static String EXCLAM MARK
public final static String EMPTY
public final static String COLON

75 public final static String SEM COLON
public final static String BAR

public final static String EQUAL

A

public final static String H DE
public final static String DOVAIN "dom";
80 public final static String RANGE "ran ";
public final static String RESULT = "result!"; /1 special output variable
public final static String HDDEN = "H'; /1 hidden class synbol
85 public final static String CNT = "container"; /1 nanes of attributes
public final static String DESCR = "Descriptor"; /1 and cl asses
public final static String | NSTANCESOF = "instancesof";
public final static String | NSTANCES = "I nstances";
public final static String SYSTEM = "Systent;
90 public final static String THE = "the";
public final static String |NDENT = ; /1 constants for output
public final static int SEP_ WDITH = 80; /1 format
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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.
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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.1 briefly describes the menus

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

File Edit WView UwnL Z++ Tools Window Help

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.11.
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

Q@D & € = = xBE0| P

Z++ | Analyse

Check the syntax of Z++ specifications
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File |

G New.. Ciil-N

&= Open.. CHl-0
Close Crl-ny

Save Ctl-5

B Save A

E Page Setup..

&h Print Preview

4 Print . CHl-P

1 CAHProjectst. \Elevator har
2 CHProjectsl. AMicrowave.har
3 CiHProjectst. JACTS har

&5 Import Z++ Specification...
i Expart Z++ Specification..

Eyit

Fig. C.4 Harmony’s File Menu

Table C.lII File Menu ltems

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.

& Mew Model Element

i B ke B ¢

Project Use Case Diagram Use Case Scenarios Group Scenario

il $i1 I -

Seq. Diagrams Group  Sequence Diagram Class Diagram Class Compourud Z++ Class

| 0K || Cancel H Help

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

Table C.IV Other Icons for Artefacts

Item Description

B3 The UC Collection; consists of all the use case diagrams and use cases pertaining to a project

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

s 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

ES The Z++ specification of the project

2] The Global Spec, a facility for displaying in various formats the contents of the Z++ specification




C.6 The Edit Menu
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4 Replace..  CulR
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Fig. C.6 Harmony’s Edit Menu

Table C.V Edit Menu Items
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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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Wiew
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Z++ Space

Toolbars J
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Message Console
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Fig. C.7 Harmony’s View Menu

Table C.VI View Menu ltems
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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

|

BB Mew UCD
Fo Mew UC
B MewsCG
£ MewSC
E newsoDs
tt Mew SQD
5 Mew CD
New COMP

= Open.. Ctrl-0
Save Ctrl-5
B Save As...

Cloze Crl-u

Translate to Z++

Shawy LML Toolbox
Hide LML Toolbox

Show STD
Hide 5TD

LT IR

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




C.9 The Z++ Menu
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Fig. C.9 Harmony's Z++ Menu

Table C.VIIl Z++ Menu ltems
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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

Hidden/Collapsed/Expanded

Analyse Execute syntax and consistency checking of the Z++ specification
Show/Hide Show or hide the Z++ Symbol Box in the Z++ Space

Z++ Symbol Box

Classes 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




C.10 The Tools Menu

Tools |

C» Project Properies...
Editor Cptions...
BZ ISE Preferences...

Adds ...

Fig. C.10 Harmony’s Tools Menu

Table C.IX Tools Menu ltems

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

Wi o

e Wi rd oy

Minirmise Windows
Restore Windows
Cascade Windows
Tile Windows

[0 A Elevator.har

[ 0 Elevator COMP
¥ 1 Floor COMP
[0 2 Moving Up... Sa0D

[J 3 Floor ZPPC

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

Help

Legend...

Contents
Tutarial
Index
Search...

About...

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.XI1). 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.

& UML UC Toolbo: ;IEIEI‘ =1o x|
REEEREERE HERRERE

olbo: =0l x| UML CD Toolbe ;[gﬂ‘
EEEEDEnEEn I EREE SR

SHEEDDEE

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

Symbol | Description Symbol | Description
Ry item selector T triangle*
As Text ] table*
it Annotation = Object or class in sequence diagrams
< use case 0 activation bar
% Actor 0 message or transition to self
— Association - asynchronous message
0 system boundary e Return message
T Generalisation b 4 destroy object
T Uses B Class
Timeline B parameterised class
=] system or subsystem g aggregation
— Message T dependency
i state (also rectangle* in the SC L] start state
toolbox)
O circle* O} end state

C.14 Z++ Symbol Box

4 Z++ Symbol Box o ;lgﬂ
13, Fl=|]|=]=|&|cs|c|u|n|=|e|E|C|H|L
Lfa]-[~]v][=]c]<lz]z]~]=]=]=]=]=]=]~
i L
N|MN|Z|s|o|z|#fo|¢|o|e|a|x|T|l|~&5|=

Fig. C.14 Harmony’s Z++ Symbol Box
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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

b s B 8] <f 2| 2wl | @[ M e|a| o] | 0] m| o] x| —{ e |=] L]

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

PLeIELE[T]4]

partial surjection

D@ 1|+ ® @ 0| o0« || N2(2(=B [E B o= === e| 7| a|v|a] 1]

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.

& Harmony Icons Legend : x|

r@ UC Collection r@ SC Collection r@ S0 Collection |[[E5 Class Diagrams and Compounds [ (23] Z++ Specification |

| k-2
i'.‘l:. Class Diagrams and Compounds
E Class Diagram

Compound = Class Spec + State Diagram

| 0K || Cancel || Help

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.

Microweave Oven project successiully created.

Ready 23-Apr-0110:07:18 F'ru1| Y
x| Xl
0 B ca_nnnt LEEiE the e 9 Are you sure you want to delete Floor COMP?
collection of the project.
OK | OK | | Cancel

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.

Harmomy wersion 1.0

@ Sergiu Dascalu & Peter Hitchoock
Faculty of Computer Science
Dalhousie University, Halifax, NS

OK

Fig. C.17 Harmony’s About Message



