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1. Architectural description

The UDM (Universal Data Model) framework includes the developmergess and set
of supporting tools that are used to generate C++ programmaticaggsrfrom UML

class diagrams of data structures. These interfaces and theyungdébraries provide

convenient programmatic access and automatically configured tpecgsservices for
data structures as described in the input UML diagram.

The storage technologies currently supported are as follows:
XML with an automatically generated DTD file,
*MGA, the native interface of the GME modeling environment [1]
*Memory-based storage.

GME UML

file

Binary

GME/UML

Interpreter
v
XML UDM
Meta :
(Metz) | Generic API | Project
<Uml.xsd> *f”ZS
.udm
7 UDM Generated code ( )
API Meta- :
. - Generic
PP } objects J API
User Program -

The framework consists of the following modules (also shown in Figure 1):
*The GME UML environment with the GME UML paradigm
and interpreter, which generates equivalent XML files from
GME UML models.
*The Udm program, which reads in the XML files generated
by the above tools, and generates the metamodel-dependent
portion of the UDM API: a C++ source file, a C++ header
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file, and an XML document type description (DTD) or
XML schema definition (XSD).

*The generidJdm include headersandlibraries to be linked
to the user’s program.

«Utility programs to manipulate and query Udm data
(UdmCopy, UdmPat).

UDM can be best used where

*Object-oriented approach is followed to describe the data structubasically means
that the object structure is defined first in the form of ascthagram, and only the
attributes, associations and methods defined there are used in the program.

*The data has a native persistence format(also called as fillkEdvVor Memory(Static)
Backend), and supports two other persistence formats (XML dE)GMhese can be
used for persistence. Otherwise, Udm can also be used to coesterters to and
from native formats.

* From version 2.00, Udm supports a persistence format(Udm Pribgectddm) for a
set of datanetworks with the possibility of having cross-datamktlinks between
them. The GME/UML modeling environment also supports multi-package UML
diagrams, with the possibility of having cross-package associalibesnstance of a
cross-package association is a cross-datanetwork link. 7

The typical process of using the UDM is as follows:

First, a UML metamodel is created in GME/UML.

*The information in the UML diagram is converted to an XML file using the GME
interpreter supplied with the GME UML environment. The format of these XMk fil
is Udm'’s representation of UML class diagram information (partially deesstiby
the XSD file Uml.xsd). In the case when the UML diagram contains multiple
packages, the diagram is converted to a UDM Project file.

*The Udm.exe program is used to generate the paradigm-dependent API files.

*The user includes these files, along with other, generic Udm headerebrdo a C++
project.

*Changes in the UML diagrams are followed by the same procedure. Sincehauoges
also change the generated API, modifications in the programs that use ismbg a
required.

The simplest case is when a single UDM interface is used either fongeadivriting
data structures. Other scenarios, like translators, may use severahdif&M API-s in
the same program.

For some typical operations, the Udm package also includesgenegrams that work

on Udm data. Since these are generic, the data structure infornssupplied at run-

time as files in the XML UML format.

*UdmCopy is used to port data between different persistent technologies (i.ecoXML
GME or vice versa).
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UdmPat is a simple utility that can be used to interpret Udm data and geeetat
output through a simple pattern based query language.
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2. The UDM API

The UML description of the data structure is translated into C++ class aefmiti a
generated API that is convenient to the programmer, and gives accesoto@hents
of the data structure.

2.1 Mapping UML classes to UDM

Namespace ExampleDiagram { | assignment to same type
BaseClass Udm::Object Object; int f1(DerivedClass &c) {
DerivedClass c2 = c;
class BaseClass : }
public Object {
/ from derived to base
; int f2(BaseClass &b, DerivedClass c¢) {
class DerivedClass : b=c;
public BaseClass { }
} | from base to derived
} int f3(DerivedClass &c, BaseClass b) {
DerivedClass /I check if compatible
if(b.meta() == DerivedClass::meta) {
c=b;
}
}
Class Diagram UDM Header User code example
Figure 1.

For each (abstract or concret#yIL classin the source diagram, a C++ class is defined
with the corresponding name (Fig 1.). All the classes belong to a namespateisvayic
default named after the UML diagram (unless overridden by optional parartetee
VisioUmI2XML or Udm tools).

The class definitions allow the definition of instance variables. Such variablastarue
objects, just handles (references) to existing instance objects, whichinethiddackend
(similar to the handle-body idiom defined by Coplien [3].). This has the following
consequences:

*An un initialized instance variable is an empty reference (reference taNdh

*Several variables may refer to the same instance object, and simplenasgigh
variables does not imply the creation of a new instance.

*New objects are always created by @lassNameCreate() static member function,
which is automatically defined for all classes (not shown in Fig. 1). Thisidunct
expects the specification of a parent object (except for a single root olgrgt, e
object must have a parent; see 2.3 for details), and an optional child role.

Inheritancein the UML diagram is reflected as C++ public inheritance. Consequently, all
attribute, composition, and association access methods of the base class lasslyeam
reflected in the derived classes. Multiple inheritance is also supported, ith C
inheritance relations converted to virtual as necessary.
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All classes in the hierarchy are descendants of Udm::Object, which defengeneric
functionality of objects in UDM.

An object can decide its real type through the meta() method. Each classdiasamd
constant type description object (see 2.4) accessible as xxx::meta. ddetkert make it
possible to determine compatibility between classes, objects and varididdgpé&
information objects also provide reflection information (associations, adsput

Note: The VisioUML2XML tool currently does not preserve the abstractness @sglass
thus all classes are regarded as non-abstract.

2.2 Composition

void Siblings( B &bb) {
A class B : public Object { A aa = b.ContainingA();
Udm::ParentAttr<A> ContainingA();
Udm::ParentAttr<A> parent() set<B> sibs = A.ChldrnB();
} set<B> iterator bi;
’ for(bi = sibs.begin();
- bi != sibs.end();
1 +ContainingA bit+) {
class A : public Object { /I process (*bi)
Udm::ChildrenAttr<B> ChldrnB();
Udm::ChildrenAttr< B> }
B_kind_children();
* +ChidrnB } void ChangeParent( B &bb,
A &newaa) {
bb.parent() = newaa;
B
Class Diagram UDM Header User code example
Figure 2.

UML composition (containment) relationships are translated into accebsdsedt both
the 'child" and 'parent’ side (Fig. 2.).

These access methods return instances of wrapper classes that can becaseahi r
assign new value to the relationships:

Udm::ParentAttr< xx> represents the single parent of an object. It can be
assigned to an object of tyg® or its value can be changed to amynstance (see the
example in Fig 2)

Udm::ChildAttr< xx> is used if the maximum multiplicity at the child side is 1.
It represents the single child of an object. It can be assigned to an obje& X typits
value can be changed to axyinstance.

Udm::ChildrenAttr< xx> is used if the maximum multiplicity at the child side is
>1. It represents the set of child objects. It can be assigned to an obypa sétxx>,
or its value can be changed to a new wetof xxinstances.

Objects can access their parent and children in two ways:
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1 . Access by composition relationshifeturns objects only if they are linked
together with the composition specified. Examples are ContainingA() and @&i(glia
Fig. 2 above. This is the more commonly used access method.

2. Access by parent/child typReturns all parent/child objects that match the
specified datatype (either directly or through inheritance), regaroiiélsse composition
relationship used. Examples are parent() and b_kind_children() in Fig. 2 above.

If there is only one possible relationship between two objects, the two access raethods
equivalent. Otherwise the set of objects returned by the type-based aeaesgen
smaller than the corresponding relationship-based access.

The two access methods generated on the parent side are:

a.An access based on childroles. If the role has a name on the child side, the
access method is named after the rolename. If the rolename is empty, the
name of the access methodxgx_child’or ‘xxx_children’(depending on
the maximum child multiplicity) wherexxis the classname at the child
side of the composition.

An access based on child class types. The name of the access methodciad_child’
or ‘xxx_kind_children{depending on the maximum child multiplicity) wheweis the
classname at the child side of the composition.

Further two access methods are generated on the child side as well:

b.A role-based access, which is named after the parent side role name of the
composition relationship, or, if that name is empty, following the pattern
‘yyy_xxx_parentwhereyyyis the rolename on the child side, axais
the classname on the parent side (if the child rolename is also empty, the
form ‘xxx_parent’is used).

c.For the child-to-parent direction, there are no type-based access methods
provided, but an additional catch-all ‘parent()’ method is generated, which
returns the actual parent, whichever it is. Its return type is selectiee as
most specific type still compatible with all possible parents. If the method
name ‘parent()’ is already taken (i.e. the UML diagram defines a
composition child role for this class where the parent end is named
‘parent’), this catch-all parent() method is omitted.

2.3 Creating and deleting objects

A basic concept of UDM data networks is objects are organized in a single tree, i.e
except for a single root object, all objects have a containing parent. Ggrtaell
lifetime of UDM objects is bound to their containment in the object tree. New objects
always created with their parent explicitly specified, and likewise, artabjdeleted
when no other object contains it any longer.

Each UDM class has a staGiceatemethod, which is used to create new object
instances:
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class A : public Object {

static A Create(const Object &parent,
const CompositionChildRole &role = Udm::NULLCHILDR OLE
)

}

The second argument is optional, if there is only one valid composition between the
parent and the new child. Otherwise, it needs to be specified to resolve ambiguity

Objects can be deleted by making it orphan. This can be accomplished in seysral w
1.By setting the parent() (of an object to NULL)
2.By assigning a new child set to the parent, omitting from the set the objects to be
deleted.

Note 1: Most backend technologies immediately delete objects in this case. The XML
backend however, allows objects to temporarily exist without a parent, and as long as
there is a reference to it, it can be accessed, reconnected to another parenieater,H
such orphans are never recorded in the persistent format (i.e. the XML file). oUgess
technique in XML must be aware that this feature is not provided by all backends.

Note 2: Some backend techniques (e.g. XML) allow multiple childroles to be
simultaneously active, as long as the parent object is the same (e.g. arfdotrall’

may be an ‘entrance’ and a ‘fire_exit’ at the same time). Removing jbet @lom the

child set of one role only, still keeps the object bound to its parent by the other. Thus, to
delete an object, all roles must be removed, or the role-independent ‘paremigy acc
function is to be assigned NULL. Note that multi-role composition is not supported by
most backends.

2.4 Accessing the meta-information

The meta-information is also accessible through the API. This capahitithecused to
support reflection, dynamic type identification, etc. This meta-interfaaetually also a
UDM datanetwork by itself (with a memory-based, StaticDataNetworkdval), so the
styles of the two interfaces are the same. The UML diagram of the matettark is
shown in Fig. 3.
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The UML diagram of the meta (meta-metamodel)
Figure 3.

Each of the objects mentioned in this section (class object, attribute object, canposi
parent- and child role objects, and association role object) have a static wanddge
‘meta’, which provides access to the corresponding meta-information. Related
association roles are further bound together by the association object, whitésksilae
from the association roles and vice versa. The same technique, a composition class is
used to bind corresponding composition child and parent roles together. For the UDM
interface, all these objects are instances of the C++ classes Clabsitétt
AssociationRole, CompositionParentRole, CompositionChidRole, Association, and
Composition, respectively (all of these class names are contained in the ‘Uml’
namespace, which is separate from the namespace of the generateigidaca)n

Since all the metainformation are implemented by StaticDataNetwohksh are

backends in the memory, you can even change runtime both the meta, and the meta-meta
models of UDM and the currently used API/ClassDiagram.

This feature raises new possibilities. Even more, you can create yamauegt runtime,
based on the meta-meta model (UML), and create/open a data network (any backend)
based with the runtime create diagram as meta information.

2.5 Attributes

Since version UDM 1.30 UDM uses a new syntax to specify attributes.
The new syntax is compliant with the UML notation guide. (OMG-UML, v1.4)

[volatile] [visibility] name : type-expression[multiplicity ordering] = initial-value
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-The ‘volatile’ keyword is optional. If it's present it means that the ateimihon-
persistent, and it's not recorded in the backend. This obsolates the previous way
of declaring non-persistent attributes.

-Thevisibility is one of:

o+ public

o# protected

0- private

o~ package

Thevisibility marker may be suppressed. Visibility may also be specified by
keywordspublic, protected, private, packagé his is currently not
implemented in UDM, everything gets generates as ‘public’. This will make
sense only when operations will be supported. However, the visibility
information can be obtained as meta-information, and the Uml meta-
metamodel is extended in this direction.

-Nameis an identifier string that represents the name of the attribute.

-Typeis eitherString Text, ReglBooleanor Integer. Textis the sam&tring but it
gets persisted as XML Text Node in DOM backend.

-Multiplicity shows the ordering of the attribute, as specified in the UML notation
guide. Examples:

00..1
ol
00..*
ol.*
0l..6
01..3,7..10, 15, 19..*
-Theorderingproperty is meaningful if the multiplicity upper bound is greater than 1.
(array attributes) . Currently, UDM supports this feature in all backend, tgpés
in case of non-persistent attributes as well.
-Theinitial-value is defined as a value or a list of values — in case of array attributes -
of the specifiedype This is fully supported by UDM.

Examples of valid attribute specifiers:

public ModelName:String="Default Lamp Name"
ArrayStr:String[0..* ordered]="second","first"
Arrayint:Integer[1..* ordered]=5,4,3,2

ArrayBool:Boolean[0..* ordered]=false,true,false,tr ue

ArrayReal:Real[0..* ordered]=9,8,7,6

volatile public TempArrayStr:String[0..* ordered]=" tempdef3","tempdef2","abcdef"
volatile TempArraylint:Integer[0..* ordered]=9,8,5,6

volatile TempArrayReal:Real[0..* ordered]=40,35,26, 17

volatile TempArrayBoolean:Boolean[0..* ordered]=tru e false,true,false

For eacHJML attributean access method is defined in the corresponding C++ class (Fig.
4.). These access methods are named after the attribute name, and return an aodgect. The
objects can be converted into or assigned new values of a suitable data typee8upport
UML data types are String, Integer, Boolean, and Real (defined as Doubkan Vi
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diagrams), which are mapped to the C++ data types string (as defined imithar &ta
Template Library [STL]), integer, bool, and double respectively.

ClassB class ClassB : public Object { oid ProcessAttrs( ClassA &a) {
-ggg : Integer Udm::IntegerAttr ggg(); a.bbb() = “foo”;
if(a.ddd()) {
class ClassA : public ClassB { a.rrr() = a.ccc() + 5.0;
Udm::StringAttr bbb(); }
Udm::BooleanAttr ddd(); a.ddd() = false;
Udm::IntegerAttr ccc(); /I works for baseclass
ClassA Udm::RealAttr rrr(); I/ attrs as well
-bbb : String } a.ggg() = 55;
-ccc : Integer }
-ddd : Boolean
-rrr : Double
Class Diagram UDM Header User code example
Figure 4.

C++ inheritance mechanism provides that attributes defined in a baseclals®are
accessible in its subclasses (as long as names are unique).

UML diagrams may contain access permissions on attributes, but these areentedefl
in the generated interface, where all attributes are considered public.

2.5.1 Array Attributes:

Udm starting from release 25 June 2002 supports attributes of type array.
Arrays can be of Integer, String, Real and Boolean. In the API, they arechto
vectors of coresponding C++ types.

An attribute of type array should be defined as follows:

ArrayStr:String[0..*] /lattribute is optional
or
ArrayStr:String[1..*] [attribute is required

When using attributes of type array with MGA backend, these attributes mustiéede
in the GME Meta as attributes of type string. This is because MGA does not support
array attributes, and they are implemented in MGA using attributes ofttypg s

Array attributes in MGA and XML backends are not really implemented, betaes
underlying backend does not support them. However, UDM provides this functionality
by using the string attributes of the backends.

In MEM backend, there is real suppport for array attributes and it has no perderman
penalty over simple-value attributes.

If UDM XML/MGA DataNetworks which use attributes of type array areatly edited,
it should be considered how UDM represents arrays as strings in these backends:
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Array of integers and floats: values delimited by *;’

Array of booleans: sequence of ‘true’s or ‘false’s (case insensitive)
delimited by *;’
Array of strings: strings delimited by *;’,

‘> can be escaped by ‘V’
‘' can be escaped by ‘\’

2.5.2 User code with array attributes

In user code, array attributes can be set/get in the same was as with simple
attributes.

The only difference is that not values, but vectors of values are accessed.

Examples:
-Checking the size of the array:

if (person.name())

//the array has elements

if (!person.name())

//the array has no elements

vector<string> names = person.name() ;
int size = names.size();
//the array has size elements

-getting the attribute values:
vector<string> names = person.name();
-setting the attribute values:

vector<string> names;
names.push(“John”);
names.push(“Jerry”);

person.name() = names;

-adding values to the attribute:

vector<string> names;
names.push(“John”);
names.push(“Jerry”);
person.name() += names;

-getting the value at an index in the array

string name_0 = person.name()[0];
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string name_1l = person.name()[1];

Note: Index is a 0 based index. If no such element exists, either string(), or
double() or long() or bool() is returned. One may check the size of the
vector before addressing individual elements. In such cases the value is
undefined.

-setting the value at an index in the array
person.name() [1] = “Jerry”;

Note: If the array is smaller than the index then it’s filled automayitall
the size requested by index with string(), double(), long() or bool(); These
values are undefined. Then, the value at the position is changed to rval.

-adding a value to the value at an index int the array

person.name()[1] += “, jr.”;
Note: When the array is smaller than the index, then the same note applies

as in the case of assignment operator before.
The += operator does not work — and also does not make sense — for

boolean arrays.

Note: The = and the += operators for array of strings, integers, and eedisfiaed for
all related types:
*In case of string arrays, you can use the operators with right value® afttymm
and const char *.
*In case of real and integer arrays, you can use the operators with rigistafalue
any numeric type: float, double, long, int

Udm currently does not support UML class operations.
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2.6 Associations

1 -husband

-wife

Woman

class Man : public Object {
Udm::AssocAttr<Woman> wife();
}

class Woman : public Object {

Udm::PointerAttr<Man> husband();

Udm::StringAttr Name();
}

| assignment to pointerAttr
void weddingl(Man h, Woman w) {
w.husband() = h;

}

| equivalent
| assignment to assocAttr

-Name : String

oid wedding1l(Man h, Woman w) {
h.wife() +=w;

Asymmetric poligam }
man may have
mutiple wifes! | query
int wifenames(Man h, string &s) {
set<Woman> wives = h.wife();
set<Woman>::iterator wi;
wi = wives.begin();
while(wi != ws.end()) {
s += wi->Name();
Wit+;
}

return wives.size();

UDM Header
Figure 5.

Class Diagram User code example

Associations without an association clgBgy. 5.) are accessed in a way very similar to
compositions, with the only difference that associations are symmetd@chess

methods for both ends of the association are named after the corresponding association
role names. Associations without names at either end are considered non-navigable i
that direction, thus no corresponding access method is generated. The type apprer wr
object returned by an access method again depends on the cardinality of the
corresponding end of the association: it can be read as or written by a siraj&e\@#r

the maximum cardinality is 1) or by an STL set<T> of compatible objects.

Associations represented by association classalso supported. Association classes
display the nature of both classes and associations, i.e. besides the assamisitibe pe
also have attributes, and may participate in associations or containmeonseigs.
This parallelism is maintained as much as possible, but there are diffe@bees t
observed (e.g. when creating new associations).

The UDM metamodel (Uml.xml) has two optional parameters for associations:
*isPrimary can be optionally assigned to one of the two association roles, if that role
is regarded as the primary logical direction of the association (lookingtfre
middle of the association). In the UML standard it is usually representaad by
arrow prepended or appended to the association name. E.g . if an association
represents the ‘feeds on’ relationship between an animal and something edible
then the primary association role will probably be the one that points to the food.
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*IsNavigableis a flag that optionally indicates that an association is not navigable in
either direction. If this attribute is false, no access method is genevatadigate
the association in that direction (in the tools, UML tools navigability is indicated
with arrows at the ends

Cross-package associationasre the associations with endpoints and/or associated
class in different Uml packages. Such an association can be modeled in the
GME/UML environment by creating a ClassCopy object pointing to a class in a
different package and setting up an association to it.

2.7 Constraints

Starting from release 1.70, UDM supports Constraints, which can be evaluated on
the data-network.

For the time being, only the UML paradigm of GME is extended to include
constraints and constraint definitions into a class diagram, in other casesahinsse
rules has to be created manually. Because in run-time a meta-model of awat&-ne
may be modified, the set of the constraints can be extended as well.

In order to use the OCL evaluation all constraints has to be compiled (syntax and
semantic check). Nevertheless, if the set of the constraints is chamgitime, the
constraints can be used only after they have been compiled.

For compilation the user has to call initially the Ocl::Intialize functiorpbag
the appropriate Uml::Diagram of the data network. By default during the caimpiédl
errors are collected. In case of errors a udm_exception is thrown, and tipewy e
into the standard output.

After the compilation the valid constraints can be evaluated with the
Ocl::Evaluator class.

The constructor of the class has only one mandatory argument: the object as the
context of the evaluation. Calling Check() all constraints can be evaluated.

Both the compilation and the evaluation processes can be modified by options.
Option structures:

Ocl::SErrorNotification:
= bStdOutEnabled : If this flag is true, then errors are printed into the standard
output. (default is TRUE)
= eExceptionKind : With this member the user can set the type of exception
throwing.
« ENT_NONE : No exception is thrown
 ENT_FIRST : Immediately after the first error, an exception is thrown
* ENT_ALL : An exception is thrown with the error summary. (default)
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Ocl::SEvaluationOptions:

= bLogicalShortCircuit : If this flag is true, then logical operator&(§, =>) will
be considered as short-circuit operators. (default is TRUE)

= DblteratorShortCircuit : If this flag is true, then iterators willretimmediately
after the result is available. (default is TRUE)

= DbTrackingEnabled : If this flag is true, then the constraint evaluation can be
followed easily when an exception is thrown during the evaluation or the
constraint is violated.(default is TRUE)

= sErrorNotification : With this member we can set the error notificatiofa(is
are the same as SerrorNotification)

= jContainmentDepth : With this option we can evaluate all constraints for the sub-
tree whose root is the object passed to the constructor of Ocl::Evaluator.

* D =0:0Only the root object will be examined.

* D >0: The evaluation will reach the objects which are in level D from the
root (e.g. if D = 1, then the root object and its immediate children will be
examined.

* D <0:The whole tree will be examined. (default)

Constraint Intialization:

bool Ocl::Initialize( const Uml::Diagramé& objDiagram, const Ocl::@ENotification&
sErrorNotification = Ocl::SErrorNotification() );

The function collect all constraints and Constraint Definition reside in thermedal
and try to compile them. Depending on the notification options in case of error, either
false is returned or udm_exception is thrown.

Constraint Evaluation:

Ocl::Evaluator( const Udm::Object& objObject, const set<Uml::Constr&int
setConstraints = set<Uml::Constraint>() );

This constructor can be used to supply the arguments of an evaluation. The context
always has to be specified. If the set of the constraint is empty, then edintieaints
which can be applied to the current object will be evaluated. If the set is not ¢émepty
only this set will be evaluated, and only for the objects which fall into the exaomna
range and on which the constraint(s) can be applied.

EEvaluationResult Ocl::Evaluator::Check( const SEvaluationOptions& sOptions =
SEvaluationOptions() ) const;

The evaluation can be performed with this method supplying the options. Depending on
the options, in case of a run-time exception or constraint violation a udm_exception may
be thrown.

EEvaluationResult has the values:
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= CER_FALSE : There was no constraints which returned in undefined. Only
constraint violation is occurred.
= CER_TRUE : All constraints were satisfied.
CER_UNDEFINED : There was at least one constraint which returned in
undefined for an object.

2.8 Non-persistent class attributes

Attributes of automatically defined UDM classes are by default pensjs.e. they are
stored in the output data. However, it is often desirable to use data in classesmbat ar
persistent, but used to store temporary information. Such attributes should be declared
using the ‘volatile’ keyword when declaring the attributes.

Non-persistent attributes support the same data types as the ordinary ones.

2.9 Archetype, derived and instance objects

Since version 1.62, UDM supports the sub-typing and instantiation of existing
UDM objects, allowing thus the existencesobtypesandinstancesSuch instantiated
and/or sub-typed(derived) objects haveaarhetypeobject, which is the other end of this
relationship, and it is the object that they are sub-typed(derived) or insdrft@t.

Objects with hierarchy (containing children) can also be derived and/or
instantiated. In such cases the whole sub-tree, rooted at the archetype objaeeds de
and/or instantiated. If an object is directly derived/instantiated freanatithetype we call
it primarily derived This means that a primarily derived object can be created only with
explicit user code, like calling CreateDerived() or Createlnstanc&( object is
inherited childwhen one of it's parents is a primarily derived object. Such inherited child
objects are created whenever an object with hierarchy is derived or astdnEvery
object contained in the sub-tree rooted at the archetype will have their corregpondi
derived/instantiated inherited child object in the hierarchy rooted at the new
derived/instantiated object, which is primarily derived.

Attribute values of instantiated/derived objects are kept synchronous with the
values of the corresponding attributes in archetype object as long as they aoeliietim
alone(only through their archetype). Once an attribute’s value is modibie€|(directly
on derived/instantiated object), the attribute becomes “desynched” from hietypes
which means that it's value it is not synchronized to the corresponding attribaiiesin
archetype.

Derived objects can be modified, but inherited child objects(children and links)
can not be removed.

Instance objects can not be modified, but inherited child objects of instance
objects can serve as connection end-points for connection objects(links) outside the
instance object.
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Methods for creating & manipulating derived and instantiated objects:

Creation: CreateDerived(), Createlnstance()
Query: Derived(), Instances(), Archetype()

(All non-static member functions of the generated classes.)
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3. Using the UDM API

3.1 Generating UDM source files

1.Use Visio or GME with the UML paradigm to create a UML diagram for the data
model of the target application.

2.Use the VisioUML2XML tool, or the UML2XML GMHEnterpreter to generate
XML files from the diagrams.

3.Run Udm.exe to generate a .cpp and a .h file from the XML format. (Udm.exe also
generates an XML XSD file or DTD.)

Udm.exe, VisioUML2XML, and the UML2XML interpreter are all included in thadm
binary releaselt also contains the include files, static and dynamic libraries needed to
build a UDM application, along with documentation and examples.

3.2 Creating a C++ project that uses UDM

The easiest way is to start from an existing project (e.g CreateLamptismjebut the
following procedures also include instructions for doing it the hard way:

The following components are needed (and supplied in the distribution):
-Microsoft Visual C++ 6.0 (not included in the distribution)
-The Xerces 1.2 XML Parser headers, library and DLL
-The SGI 3.2 Standard Template Library headers
-The UDM libs (UdmBase.lib, UdmDom.lib and UdmGME.lib)
-The UDM DLL (UdmDll.dll, UdmDIl.lib)
-The UDM headers

Your project needs to include the UDM API sources (generated in the previous step) and
your own source files (at least one that defines the main() or WinMairefjdah

Step-by step instructions:
1.Create a new project (e.g. a Win32 Console application, or an MFC application) in
Microsoft Visual Studio.
2.Make sure the project includes the SGI STL headers (which are at <install-
dir>/include/stl in the distribution)
—add the STL path tBroject/Settings/C++/Preprocessor/Additional include
headers
—or add the STL path to the system-wide settings in
Tools/Options/Directories/Header filémake sure STL precedes the
standard Microsoft includes)
3.Make sure your project includes the generic UDM headers by adding the header
directory (normally include/udm) to either of the settings mentioned above, or by
copying the header files to your project directory.
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4.Include the UDM base library UdmBase.lib, and at least one of the backend support

libraries like UdmDom.lib (which requires Xerces-c_1.lib) and UdmGME.lib) in
Project/Settings/Link/General/Object/Library modules. For the debudshuise
the corresponding debug versions (where the basename ends with *_D’). These
libraries are normally located in the Lib/Udm subdirectory of the distrib\ftloe
location for the Xerces-c_1.lib and Xerces-c_1D.lib is Lib/Xerces). Youneéd
to add these directories to the input library path, or specify libraries with
pathnames, or set the system-wide settings for paths in
Tools/Options/Directories/Library files accordingly. As an akirre linking
technology, UDM DLL can be used(UdmDIl.dll) by linking statically to the
DLL’s import library, UdmDILlib. In this case, the other static UDM libesriare
not needed.

5.Make sure all the configurations of your project refer to the ‘Multithre&ded or
‘Debug Multithreaded DLL’ run-time libraries in tiroject/Settings/C++/Code
Generation/Use run-time librargption. The libraries use C++ exceptions, so
you probably also want to enable exception handling.

6.Add the generated UDM API files (a C++ and an H file) to the project. In addition
to these, your project will need to have at least one source file, which dégnes
main() (or WinMain()) function.

7.The files that use the API need to include the UDM API header file. The module
that creates the UDM project object (UdmDom::DomDataNetwork if th& XM
backend is used), will also need to include the respective backend definition
header file (UdmDom.h’ or ‘UdmGme.h’) as well (this file is located amdweg t
standard UDM headers, e.g. in include/udm).

8.1f your project uses the precompiled header features, including all headers in the
master header file (StdAfx.h) of the project is recommended. In any case,
however, the API .cpp file should be set individuatlyNot using precompiled
headers’in theProject/Settings/C++/Precompiled headepshe.

9.Set additional options according to your preferences.

To run any application that uses the XML backend, the Xerces DLL (xerces-c_1_2.dll)
must be either in your system path or in the directory of the executable file.

Also, the generated XSD file must be available to load XML files. It mustheren the
current execution directory, or be attached to the project as a resoureesafrte name
(e.g. “"SAMPLEDIAGRAM.XSD”, including double quotes), and the custom, “XSD”
resource type. To add resources, an .rc file (and possibly a resource.é@dtdprbe
inserted into the project.

3.3 Generic program structure

A minimal UDM-based application consists of a user-supplied source file (which
#includes the .h file generated by the API generator, and possibly other UDM headers
the generated C++ file, and the stationary UDM modules, which are provided aedibra
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Udm is intended not to restrict the program structure in any way. It can bet@ssd a
location or at any time, either throughout the whole application, or just within single
procedures.

Working with UDM begins with creating and opening a DataNetwork object (se&)el
Objects in the data tree can be accessed through the root object, which is in turn
accessible through the data network, and then navigating (or building up) the nest of t
tree. The DataNetwork object and the data objects in the tree are the hjeatg used
throughout the application.

Errors in the operation of the UDM result imdm_exceptionexception thrown. The
what() method of the error object contains information on the error.

3.4 Udm::DataNetwork objects and member functions

The abstract DataNetwork type is used to represent a UDM data tree, art’proje
DataNetwork interface is used to manipulate the data network as a wholeetkeg;
loading, closing, and transaction control. DataNetwork is an abstract clasachnd e
backend provides an implementation to this type, like DomDataNetwork,
GmeDataNetwork or StaticDataNetwork.

If several data trees are to be used, a corresponding number of DataNetwogkawbject
used. Data stored in different data trees are completely separated, thus melatioss-
are allowed. Since Udm generates the interfaces into user-defined naes®gpass
name clashes can also be avoided.

DombDataNetwork::DomDataNetwork (const Udm::UdmDiagram &metainfo);
GMEDataNetwork::GMEDataNetwork (const Udm::UdmDiagr am &metainfo);
StaticDataNetwork::StaticDataNetwork (const Udm::UdmDiagram &metainfo);

These constructors create DataNetwork-derived instances and attadio e
UdmbDiagram. The metainfo parameter represents a metamodel, and is noraitdlylav
from the generated header file, where it can be referred Measespace::diagram’ .

(The Udm generated headers must be included anyway. If only a singleibigham is
used, theusing namespacalirective can be used to avoid the necessity to use
namespace qualifiers. With multiple diagrams, however, this may lead to reshes;!
so the use of explicitly qualified names may be necessary.)

A newly constructed DataNetwork needs a backend storage created or opened into it.

void DataNetwork::CreateNew(
const string &systemname,
const string &metalocator,
const Uml::Class &rootclass,
enum Udm::BackendSemantics sem = Udm::CHANGES_ PERSIT_ALWAYS

);

Create a new data tree in a backend storage.
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systemnames the name used by the backend (a filename or database connection string).
metalocator specifies the metainfo used by the backend (e.g. a XSD for XML backends,
or a paradigm for GME).

rootclassis a class from the diagram, an instance of which is created as the robbbbjec
the new data network.

semis one of the predefined semantic constants:

Udm::CHANGES_ PERSIST_ALWAYS: committed sequences are immediately
recorded in the original backend (CloseNoUpdate, CloseAs, SaveAs are not
implemented)

Udm::CHANGES_ PERSIST_DEFAULT: committed sequences are recorded
in current backed unless CloseNoUpdate, CloseAs, or SaveAs is used

*Udm::CHANGES LOST_DEFAULT: committed sequences are lost unless
Close, CloseAs, or SaveAs are used

(Not all constants are accepted by all backends.)

void DataNetwork::OpenExisting(
const string &systemname,
const string &metalocator,
enum Udm::BackendSemantics sem = Udm::CHANGES PERST_ALWAYS

);

Read and open a data tree from a backend storage.

systemnamaeis the name used by the backend (a flename or database connection name).
metalocator specifies the metainfo used by the backend. This parameter may be omitted
(by passing an empty string), unless the meta used to create the datadatabte, or

the metainfo is deliberately changed.

semis one of the predefined semantic constants, as described above

void DataNetwork::CloseWithUpdate();

Close the data network and record changes in the backend storage. Closing is not
mandatory, since the destructor will close the data network anyway

void DataNetwork::CloseNoUpdate();
Close the data network without recording changes in the backend storage. This function
may not be implemented with all backends.

void DataNetwork::SaveAs(string systemname);

Save the info into a data network into a new backend database specHistcayiname.
This function may not be implemented with all backends.
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void DataNetwork::CloseAs(string systemname);

Close the datanetwork, and save it to a new database specifiedsggtdraname This
function may not be implemented with all backends.

void DataNetwork::CommitEditSequence();
void DataNetwork::AbortEditSequence();

Edit sequences are the abstractions of simple (non-nestable and autbnchizaéd)
transactions.

CommitEditSequence finalizes changes in an edit sequence (transactiomdiDg e
the backend semantics specified when opening the file, the data may or may not be
physically flushed to storage.

AbortEditSequence revokes changes done through the previous edit sequence
(transaction).

Using either of these methods automatically terminates an edit sequédrstaréa new
one. CloseWithUpdate, CloseNoUpdate, SaveAs and CloseAs also terminate edit
sequences, while CreateNew, OpenExisting and Saugt@matically initiate new ones.
Thus the explicit use of CommitEditSequence and AbortEditSequence is optional, but if
they are not used, all edit operations on an open data network are regarded to form a
single edit sequence.

bool DataNetwork::isOpen();
Check if the datanetwork is open.
Object DataNetwork::GetRootObject();

Get the root object of the data network, This is the object created when the whole
backlend storage for this data tree was initialized.

const Uml::Diagram & DataNetwork::GetRootMeta();

Get the metainfo of the data network. This is the value specified in the constructor
You can also use tifemartDataNetwork class, which initializes a smart data network.
SmartDataNetwork::SmartDataNetwork (const Udm::UdmDiagram &metainfo);

A SmartDataNetwork will try to guess the type of the backend based on the
systemnameparameter, in the following way:

«*xml meandDomDataNetwork

** . mga meansGmeDataNetwork
**. mem meansStaticDataNetwork (no storage)
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3.5 UDM Data objects

Data objects are instances of classes defined in UML. It is relativaigtsforward and
intuitive to work with them. Use the generated API header file as a redet@ifmlow
the instructions below.

Objects that are instances of UML Classes are all direct or indirexstroznts
Udm::Object (which is also typedef'd &bject in the generated namespaces).

3.5.1 Creation

static CLASS Create(
const Object &parent,
const Uml::CompositionChildRole &role = Udm::NULLCH ILDROLE

);

To createan object, th€reate static function of the class is used. The parent object of
the new object must be specified. The second parameter is the compaosition child role,
which can be omitted, if the containment relationship is unambiguous otherwise. E.qg:

/I create a room within a house

Room livingroom = Room::Create(myhouse);

/I a new switch is created within an engine. It functions as an emerggnswitch
Switch secondaryswitch = Switch::Create(engine_11, EmergencySwitameta);

3.5.2 Attributes

For each attribute specified in the UML Diagram (or in the optional diagram of
additional, non-persistent attributes), an access method is specified. Thisraetiesd
returns a smart object, which can be used to set and get the value of the attribute. The
value used to set and get must match the type of the attribute, so there are four sma
objects defined for the four supported attribute types: StringAttr (use 8igssto

set/get), BooleanAttr (use bool), IntegerAttr (use int), RealAttr (use epubl

E.Q:

livingroom.Area() = 550.7;
livingroom.IsHeated() = true;

int height = myhouse.Height();
myhouse.Address() = “1745 25th St”;

Note that from the API point of view, there is no difference between pertsistd
temporary attributes.
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3.5.3 Inheritance

Inheritance is automatic for the most part, since inheritance is impleiresnte++ class
inheritance. E.g. you can access attributes defined in your base dasstheslocally
defined ones.

bool ::IsDerivedFrom(const Class &derived, const Giss &base)

IsDerivedFrom() is used to find it out runtime if two meta-classes are in an inheritance
relationship. (Both direct and indirect types of inheritance are detected.)

static CLASS Cast(const Object &a);

To use an object as a more specialized class than its current typastflenethod can
be used. Since the true type of objects is known to the API, it can also cast between
unrelated types, i.e. from one baseclass to another. If, however, the type i®drcela
the true type of an object, an exception is thrown.

3.5.4 Parents and children

For each navigable composition relationship defined in the UML diagram, an access
method is defined, which returng?arentAttr<CLASS> from the child, and a
ChildAttr<CLASS> or ChildrenAttr<CLASS> from the parent, depending on the
maximum multiplicity of the composition. All access objects are settabk of course
setting one of them results in a change on the other sid€HiligenAttr<CLASS>

can return or set the children of the object eitherset<>or as avector<>. When

setting the children with @ector<> of children, their order is preserved and will be the
same when retrieving it asvactor<>. By default, children are ordered by the order they
are created. However, with MGA backend this behavior is not guaranteed, and the order
of children is undefined. Of coursset<>operations also work, but sinset<>s are
ordered containers, the order of children cannot be controlled. (The order key is the
object’s uniqueld, which again cannot be controlled)

ParentAttr andChildAttr contain a single value, it can be simply set/read from/to a
CLASS objectChildrenAttr must be assigned and read through sets of compatible
objects. To add/remove membersG#fildrenAttr one by one, the= and-= operators
can be used.

E.Q.
bathroom.parent() = myhouse;
House house = bathroom.parent();

set<Room> allrooms = myhouse.rooms();

allrooms.insert(newroom);

myhouse.rooms() = allrooms;

/l the above 3 lines are equivalent with this one, and set could be <vector> asdlw
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myhouse.rooms() += newroom,;

3.5.5 Associations

For each navigable association relationship defined in the UML diagram, an access
method is defined)Jdm::AssocAttr<CLASS> or Udm::PointerAttr<CLASS> from

the parent, depending on the maximum multiplicity of the association. CLA8Sshe
the most specific common type of the objects on the other side of the relation (. Both
access objects are settable, and of course setting one of them resul@ngeaahthe
other side.

Udm::PointerAttr contains a single value, it can be simply set/read from/to a CLASS
object.Udm::AssocAttr must be assigned and read through sets of compatible objects.
To add/remove members @tim::AssocAttr one by one, the= and-= operators can be
used.

E.g.:
salesman.Clients() += tomwatson; // Udm::AssocAttr

set<Person> salesclients = salesman.Clients();
salesman.Mother() = annamary; // Udm::PointerAttr (everyone has one mber)

3.5.6 Association Classes

Association classes are basically ternary relations between &ted€bjects, and the
association class itself. The access methods of association clasgeamatxtended
version of access objects returned by simple associations.

The related objects retutydm::AClassAssocAttr<ACLASS> or
Udm::AClassPointerAttr<ACLASS> objects depending on the maximum multiplicity
of the association (as seen from the object queried). In contrary to the simple
associations, these objects are parameterized by ACLASS, the type sfdbaton

class. They can be freely used to read the association(s), but direct assignmoe
permitted, except if abldm::AClassAssocAttris ‘shrunk’, i.e. assigned a set that is just
a subset of its current value. Similarly assignment of NULL to a Aclas&Pattrtis also
permitted.

To add new associations with classes AtldLink() and SetLink() methods are used.
Udm::AClassAssocAttr<ACLASS> AddLink(
TARGETCLASS peer,
Object aclassparent
);
Udm::AClassPointerAttr<ACLASS> SetLink(
TARGETCLASS peer,
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Object aclassparent

);

peeris the object to associate with, aadassparentis the object which will be the
parent of the association class.

From the association class objects (which are normal objects, accessibhttireir
containing parents, or through other relationships), the peers on both ends can be
accessed through thedm::AssocEndAttr<CLASS> access objects. This can be used
both to read and to write the target objects.

3.6 UDM Project functionality
3.6.1 The basic idea

The goal to achieve was to allow links with endpoints in different UDM
Datanetworks. Thus, a structure which is capable to handle a set of DataNetwark had t
be introducedudmProject

To provide this functionality, Udm is using Udm for maintaining a special
datanetwork to hold the metainformation for cross-package associations and cross-
package links — the instances of cross-package associations. The UDM projelts whi
contain meta-information and cross-package associations are called metprojpéiis
and those which contain instance datanetworks and cross-datanetwork linkgedre cal
instance UDM projects.

A Meta UDM project is the product of the GME UML interpreter whenever more
than one package is modeled.

When a UML model which contains more than one UML package is interpreted,
automatically a meta UDM project is generated. During this process, fotJdakc
package XML metainformation is generated, as in the normal scenario, withssH cr
package associations. Beyond these, a special XML metainformation is rdsatgd,
which represents a single class diagram, with “proxy classes” teeatlasses which are
involved in cross-package associations. These classes are named
“<class_name>_cross_ph_<package name>”", <class_name> being thef tlaenelass
which is involved in a cross-package association, and <package name> being the name
of the package which contains the class. Each of these classes areedemiénawo
attributesrem_sysnamandrem_id At the instance level, in instance UDM projects, the
value of these attributes will identify the real UDM objects, where theyds®M object
points to. Cross-datanetwork links basically are links between these UDM qlif@ofs.

Normally, instance UDM projects are created from scratch, which mears¢h
framework creates the empty datanetworks and handles to these dataneandr&s
obtained from the project. Cross-datanetwork links created in such cases atergersi
and can be saved.

However, there was a need to create cross-links between the objects 0§ existi
UDM datanetworks, without having to recreate these UDM datanetworks as part of a
project. This was made possible with the trade-off that cross-datanetal@lcteated in

Page 29 of 96



such projects can not be saved and are available during runtime and the cross-
datanetwork links are hold in a non-persitent static UDM datanetwork. This typehdf UD
Project is called StaticUdmProject.

3.6.2 DataNetworkSpecifiers structs

When creating an instance UDM project, all the datanetworks which are going t
be parts of the Project have to be specified. In the case of persistent indidvice U
projects, the strudtdm::DataNetworkSpecifies used, and it contains the systemname,
the metalocator and the root class of the datanetwork, which will be created by the
framework — as part of the instance UDM project. In the case of statip@rsistent)
UDM projects, existing datanetworks can be imported into a StaticUdmPwoejrche
structUdm:: StaticDataNetworkSpecifiefTo specifiy a staticdatanetwork, only it's
systemname, and a pointer to the datanetwork is required.

3.6.3 Dynamic meta specifier struct

Normaly, when creating or opening an instance UDM project, the framework
needs to locate the metainformation (Uml::Diagram) for each loaded UDM tiatake
inside the project. In most cases, these are compiled in and UDM has a mechanism
(Metadepository) to locate by name the metainformation. However, some UDM
applications prefer to load dynamically the metainformation instead of having i
compiled-in, thus the lookup mechanism through UDM MetaDepository will fail. In
these cases, additional meta datanetworks can be submitted to UdmProject.

3.7 The UDM Metadepository

Since version 2.00, all compiled-in metainformation (UML Diagrams) are
registered in the framework and indexed by the name of the Diagram. Regidtéred U
diagrams can be retrieved using the static member functions of the Udm:eyletaiory
class.
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4. The UDM API and persistence technologies

4.1 Limitations on the UML capabilitites

Reflecting the architecture of several backend services (GME and XNIN &hly
supports single-rooted hierarchies. This means that all objects (includinesst
association classes) must have a parent, except for a single root objdttisveheated
along with the creation of the database. This is usually not a serious restrintien, s
creating a top-level container to store multiple, logically ‘root’ objecésgenerally
applicable workaround.
Depending on the backend technology used, the framework may be able to handle
temporarily orphan objects. However, in other backends (e.g. GME), orphan objects
are automatically deleted.

*Some UML features of less importance or acceptance are not supported:
oAttributes with multiple values, special data types (Variant, Datererede
to other objects)
oAccess qualifiers (public, private, protected)
oQualifier attributes and specifications on associations
oN-ary associations
oConstraints

*Uml Class names must be unique and non-empty. Attribute names must also be non-
empty. Other names may be empty.
Auxiliary names are generated for empty association end names. The=e na
correspond the name the target class, with the first letter turned loweacdseaf
the maximum cardinality is >1- ‘pluralized’ using a simple algorithme (&8’ or
‘es’ appended).

Inside any Class, the following names will appear as methods, so they must be
unique:

oAttributes names

oAssociation end names (on the remote end viewed from the class).

oComposition parentrole names (for compositions where the class is the

child).
oComposition childrole names (where the class is the parent).
oAuxiliary names generated if one of the above names are empty.

* Throughout UDM, performance is considered to be secondary to elegance, so this
approach is probably not optimal for large data trees (>10000-100000 objects
depending the backend).
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4.2 The XML backend

The XML backend is based on an extended version of the standard XML-DOM interface.
The UDM generator tool - along with the API definition files- also garerdne XSD for

the XML files compatible with the input interface definition. The basic XMaepssing
facilities provided are loading (parsing) an XML file into the backend, and sdeng t
backend data structure into an XML file.

The XML backend imposes the following restrictions:

-XML does not have a good technique for representing associations andlgspecia
lacks support for association classes. These UDM features are thus emigém
through specially named XML ID/IDREF attributes.

-The current version does not do on-the-fly validation when the data tree is modified,
and it is not validated when it is saved either, so the validity of the generated
XML document is not guaranteed in all aspects. The recommended way to
validate XML output is to reload it again as the last step of generation.

-There is single root object, which is created as the first object when metais
opened (or loaded). The root object cannot be changed.

-The XML backend permits objects to exist without parents temporarily. If such an
object is later attached to any parent, it will become a normal object amdedc
in the persistent data.
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4.3 The GME backend

1. General Concepts

The general structure of the UDM-GME interoperation is depicted in this figure:

UML Meta |« Defines

Defines

v
UDM API Level |« Generate— GME UML Model GME Meta
UDM Object GME Model
Offers data— .
Network Level [ Chers caa Level 4« Defines

In the GME meta editor a UML class diagram paradigm has efmed. This UML
class diagram will define the classes to be instantiatednatime. Theudm.exeutility
(for detailed information please refer to [1]) takes this Ubass diagram as its input
and generates the corresponding C++ API with these clasda®lationships defined by
the class diagram. Afterwards one can instantiate these sclasmaually creating an
object network, navigate through the generated relationships and use tliegnméta
information at run time.

However we can use GME to create the actual run-time obgdwork. This document
elaborates on the steps necessary to set up such a GME-UDM environment.

The GME backend connects the interface to the MGA library [2]. The operation of the
MGA library is also based on meta-information stored in its proprietary datator

Since it is essential to keep the meta-information on both sides consistent there i
GME-based tool available for generating a matching pair of MGA metaatia UDM
generator input (in XML format) from a UML class diagram.

Page 33 of 96



The GME backend provides functions for creating, opening, and closing GME databases,
as well as an API for simple transaction control. It is also possible t@ cAAE
interpreters and other components based on UDM.

If UDM is used with the GME backend the following limitations and caveats have to be
considered:

1.Names of UML classes and associations must be unique (or empty).
UML does not support non-unique class and association names (although multiple
associations or composition with empty names are OK, see below). For this
reason, the corresponding GME paradigm is also expected to have globally
unique kindnames (athough GME in general permits using the same name for
metaobjects in different contexts).

2 Attributes
Normal GME attributes are accessed through UML attributes defined ineder t
same name. The type of the UML attribute must match the GME type specified in
the paradigm. Every UML attribute (which is ever used) must have a
corresponding attribute in the paradigm, but it is not a problem, if an existing
GME attribute has no counterpart in the UML (and is thus inaccessible).

3.Special attributes
The two built-in GME object properties, name and position can be accessed
through special UDM string attributes called ‘name’ and ‘position’. Of course
they are only accessible through UDM if they are defined in the UML diagram.
(If the GME paradigm happens to have attributes called ‘name’ or ‘position’,
those will be inaccessible through UDM.)

4.Associations
Associations in the input UML must be defined in a way so that it can be mapped
onto one of the association types supported by GME: references, sets, or
connections. To resolve ambiguities, stereotypes at either end of an assaxiati
the naming of the association and its role names must provide sufficient hints for
identifying the applicable GME association type.
GME imposes complex rules on the relative location of objects bound together by
an association. Since UDM currently does not capture these rules (in UML, these
could only be represented as constraints, which are currently not supported),
operations violating those rules pass through the UDM layer, but they aredrefuse
by the GME backend.
Objects that manifest as folders in GME cannot be involved in associations.

The trickiest part is how to map UML associations onto any of the GME concepts
(references, sets, connections). There are two ways to make sure GMBEasD
the necessary clues to find out the mapping:

a.Assigning special names to association ends in the UML diagram.
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-If an association has no association class and has a
navigable end named ‘ref’, the association is
considered to be a reference (with the class at the
other end of the association being the reference
object)

-If an association has no association class and has a
navigable end named ‘members’, the association
is considered to be a set (with the class at the
other end of the assoc being the set object)

-If an association has a navigable end named ‘dst’ and
the other end, if navigable is named ‘src’, then the
association is a connection. The association must
either have an association class, or it must have a
non-empty and visible name, which identifies to
the GME connection kind to be used.

b.Using special hints in the GME paradigm.
If the indications listed at a./ are not present, the GME paradigm must contain
special info to enable mapping:
-If an association (without association class) in the
UML diagram is to be implemented by a GME
reference, the name of the association name must
either be empty or equal to the name of the
reference class (i.e. the class found at one of its
ends). The GME meta-reference must have the
GME registry value ‘/rname’ set to the other
association end name in the UML diagram (see [1]
and [2] for a discussion on the GME registry). If the
UML reference is navigable in both directions, the
GME meta-reference registry value ‘/rrname’ must
also be set according to the association end name on
the side of the reference class.
-If an association (without association class) in the
UML diagram is to be implemented by a GME set,
the name of the association name must either be
empty or equal to the name of the set class (i.e. the
class found at one of its ends). The GME meta-
reference must have the registry value ‘/mname’ set
to the other association end name in the UML
diagram. If the UML reference is navigable in both
directions, the GME meta-reference registry value
‘/sname’ must also be set according to the
association end name on the side of the set’s class.
-If an association in the UML diagram is to be
implemented by a GME connection, it must either
have an association class or a non-empty
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association name. The name of the association class
or (if there is no association class) the name of the
association must correspond to the name of the
GME meta-connection being used. Furthermore the
meta-connection needs to have the registry values
‘/sname’ and ‘/dname’ be set to the two association
end names of the UML connection (if the
connection is not navigable in both directions,
‘/dname’ must be set to the end name of the
navigable direction, and ‘/sname’ may remain
unset).

Note that if a paradigm allows a class to be involved in several different incoming
or several outgoing connections, approach a./ (i.e. special names in the UML
diagram) is usually not feasible, since association name ends (‘src’ an‘tss

case) must uniquely identify a single association from all UML ctasse

The mapping from UML associations to GME concepts is determined when the
GME DataNetwork is created or opened. Associations that cannot be mapped
result in an error. Some other errors like invalid connections or references, or
trying to establish associations involving folders, result in an error Velben the
operation is attempted.

5.Aspects and constraints
Aspects and constraints are not supported by UDM.

6.Step-by-stepdescription
1.Create the metamodel in using the GME metamodeling environment. The
association role names must remain the default the “src” an{l bestause
the meta interpreter requires this. The real role namest be setin the
Attributes edit box in the GME “Attributes” panel in the following syntax:
sName=<role_source_name>
dName=<role_destination_name>
2.Test the paradigm created in the previous step.
3.Using the python script included in the distribution (located in the
distribution_folder\Gme2Uml\Python\ folder), generate the UML class
diagram from the GME metamodel. The script takes a GME asetaput (in
XML format, use File/Export XML menu item in GME) and produchs t
class diagram also in XML format. If you do not have python instaltau
can download the free Cygwin fromww.redhat.conweb site.
4.Set the real role names for each association.
5.Add a class named RootFolder to the model which must be a root of the
containment hierarchy.
6.Generate the APl withdm.exe
7.Use your test model from step 2.
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4.4 The Memory(Static) backend

UDM stores internally the meta-meta and the meta objecttatic, memory
based implementation of the UDM base objects. These static obgtise used for a
custom object network as well, if one doesn’'t need runtime, on-theefkistency, for
example, when only the API is needed. For this, all you have ie tibcreate your
objects in &StaticDataNetwork. This way, your program will operate on memory-based
objects, thus will be much faster.

Since as mentioned earlier, the meta-model objects, and thenetabjects are
stored by these StaticObjects, and they can be accessey éxachme manner as you
can access other UDM objects. This means, that your prograomteme, can possibly
change the meta-model and the meta-meta-model information. Howkigemay be
dangerous. If you change the meta-model, some parts of your gensPkitbécome
invalid. If you change the meta-meta-model, some parts of UDM become invalid.

However, the static data network can be dumped in an efficienydoranat to a
file. This file will have a'.mem” extension, and it's not for human consumption. But one
can use this for fast data backup and read-back. It's important testarmtethat changes
in a data network loaded from a binary file add recorded on the fly to the file. They
may be recorded upon an explicit SaveAs() or CloseWithUpdatd() aczaby the
destructor when the data network variable goes out of the scupé,\vmas opened with
either CHANGES PERSIST _ALWAYS or CHANGES PERSIST DEFAULT
backend semantics.

The StaticDataNetwork is not a “type-safe” data networkt Teans, if you are
using the lower-lever API (Objectimpl calls), you have to dpebe type of the object,
as an Uml::Class, upon creation. StaticDataNetwork objectsc@lgects store only a
reference to the supplied type in the constructors. For this regsomust make sure
that those Uml::Class-es which are referenced by Stago®bps their types are not
freed until there is no reference.

You can overcome this situation by using the SafeTypeContaiaigr gtobal
class, which allows you to get a copy of a type that no doubtexiit until it is
referenced. To help those willing to write paradigm & backend indepéd2M code,
there is a DataNetwork call which can tell whether the backenently in use is type
safe or not. An example code for this is for example in the UdmCopy function:

if (p_dstBackend->IsTypeSafe())
p_dstChild=p_dstRoot->createChild(theOther(*p_currRole), p_srcChild->type());

else

{
const Uml::Class & safe_type = Uml::SafeTypeContainer::GetSafeType(p_srcChild->type());
p_dstChild=p_dstRoot->createChild(theOther(*p_currRole), safe_type);
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5. UDM and XMl

5.1 What is XMI?

XMl is an interchange format for metadata that is defined in ternfed¥leta
Object Facility(MOF) standard, a pair of parallel mappings between M@&models
and XML DTDs, and between MOF metadata and XML documents.

The XMI specification also specifies the UML.dtd concrete XML DTD, nexgli
for the transfer of UML models (class diagrams) using XMI.

From version 1.40, the UDM framework supports XMl version 1.0 by providing
conversion tools between XMI/UML(v1.3) and UDM metadata.
This makes possible that:
a.) any UDM classdiagram can be exported in XMI format an thus can
serve as an input for other tools, like code-generators
b.) XMI metadata exported by other UML modelling tools Ican serve as an
input for the UDM framework, UDM API can be generated directly from XMladata.

5.2 Conversion to/from XMl

The conversion between UDM metadata format and XMl is done by a set of
XSLT transformation scripts processed with Xalan XSLT processor engine.

UdmXmi.dll contains the XSLT scripts and the code which does the
transformation.

The toolsUdmToXmi.exe andXmiToUdm.exe are command line utilities to
transform between the two formats. Both of them has two mandatory arguments: sourc
and destination XML filename. Since the source XML needs to be parsed, the tools
expect the corresponding UML.DTD file to be in the same directory.

5.3 XMl input for Udm.exe

From version 1.40 the UDM.exe code-generator accepts metadata in both UDM
and XMI format. When the input is in XMI format, the use of the -d switch is mandatory:
the path specified this way should contain the UDM version of the UML.XSD. In the
current directory or in the same directory with the input XMI should be the OMG
version of the UML.DTD. This is needed to parse the XMl input.
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5. UDM Internal Architecture
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Figure - Udm Internal Arhitecture

5.1 Data Network calls

evirtual void DataNetwork(const Udm::UdmDiagram &metaroot);

The one and only DataNetwork constructor. The rrgtamation is passed as an
UdmbDiagram.
Implemented in all the back-ends.

«Unsigned long uniqueld()
Retrieves the unique Id of the DataNetwork. Implemented at the abstract DataNetwork class.

evirtual void CreateNew( const string &systemname,
const string &metalocator,
const Uml::Class &rootclass,
enum BackendSemantics sem = CHANGES_PERSIST_ALWAYS) =0;

Creates a new datanetwork.

Systemname - the name of the file

Metalocator - only DOM backend will need this, and it must be the name of the
corresponding .dtd/.xsd file, without the extension

Rootclass - type of the root object

Sem - default behavior of the backend. See earlier in this document.

Implemented in all the back-ends.
evirtual void OpenExisting( const string &systemname,

const string &metalocator = ",
enum BackendSemantics sem = CHANGES_PERSIST_ALWAYS) =0;
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Opens an existing data network from a file.

Systemname - the name of the file

Metalocator - DOM will need if the XML file header does not contain correct or
relevant information about the location of the corresponding .dtd/.xsd file.

Sem - the default behavior of the backend.

Implemented in all the back-ends.

*Void CloseWithUpdate() = 0;
Closes an opened data network and records the changes in the file.
Implemented in all the back-ends.

«Void CloseNoUpdate();
Closes an opened data network without recording the changes in the file.
Implemented in all the back-ends.

«Void SaveAs(string systemname);

Saves an opened data network to a different file name. Does not close it.
Implemented in all the back-ends.

*Void CloseAs(string systemname);
Closes an opened data network. If it was opened with CHANGES_PERSIST_ALWAYS or
CHANGES_PERSIST_DEFAULT then it saves before closing it.
Implemented in all the back-ends.

«Bool isOpen();

Determines whether a data network is opened (either with CreateNew, or with OpenExisting) or not.
Implemented in all the back-ends.

«Void CommitEditSequence() ;
Transaction control. Commits an edit sequence. Implemented only in GME backend.
«Void AbortEditSequence() ;
Transaction control. Aborts an edit sequence. Implemented only in GME backend.
»Object GetRootObject();
Obtains the root object of the data network. Implemented in all the back-ends.
«Object ObjectById(Object::uniqueld_type);
Obtains an object by its ID.
Implemented in all the back-ends.
Note:
DOM & GME back-ends maintain unique Ids for objects within the same data network, and
these Ids are usually preserved when saving to and reloading form a file.
STATIC back-ends maintain a unique Id in a process, and Static Object Ids are not
preserved when saving to and reloading from a file. Thus, StaticDataNetwork::ObjectById() returns

the object even if it does not belong to the data network, but exists. If it does not exist, exception is
thrown.
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«static void RegisterBackend( const string &sig,
const string &ext,
DataNetwork *(*crea)(const UdmDiagram &))
A backend can be registered to Smart Data Network operation.
When invoked with extension ext, the function crea will be invoked for creating the data network.
Sig is a descriptive name, characteristic to the backend.
«static void UnRegisterBackends()
Un-register all registered back-ends.
e static string DumpBackendNames()
Dump registered back-end names to a string.
«static DataNetwork *CreateBackend(string filename, const UdmDiagram &metainfo)
Creates a backend by deducing its type from the filenamée’s extension.

evirtual bool IsTypeSafe()

Returns whether the backend copies (safe) or just references the types passed to constructor
function.

5.2 Object calls

«ObjectImpl *__impl() const
Retrieves the implementation of the object. Returned implementation is not cloned by the function
itself. If one creates an object out of this pointer, it should first clone it.

*Object()
Default constructor. The implementation will be a special NULL, Udm::__null.

*Object(ObjectImpl *i)

Copy constructor, that takes an implementation and creates an object. Previous implementation, if
not NULL, is released.

*Object(const Object &a)

Copy constructor, that takes an object and with its implementation creates a new object.
new implementation is cloned.

«const Object &operator =(const Object &a)

Assignment operator; takes an object and copies its implementation to the assigned object.
Previous implementation is released; new implementation is cloned.

«static Object Cast(const Object &a, const Uml::Class &meta)

Static cast function that casts Object a to type meta; It throws exception when types are unrelated,
and thus the cast is invalid.

«static Object Create(const Uml::Class &meta,
const Object &parent,
const Uml::CompositionChildRole &role)

Static object factory function which creates an object of type meta with parent, via role.
Parent and meta parameters are mandatory. Role can be Udm::__null, if the containment is
unambiguous.
«string getStringAttr(const Uml::Attribute &meta) const
«void setStringAttr(const Uml::Attribute &meta, const string &a)
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«bool getBooleanAttr(const Uml::Attribute &meta) const
*void setBooleanAttr(const Uml::Attribute &meta, bool a)
«long getIntegerAttr(const Uml::Attribute &meta) const
«void setIntegerAttr(const Uml::Attribute &meta, long a)
edouble getRealAttr(const Uml::Attribute &meta) const
«void setRealAttr(const Uml::Attribute &meta, double a)

Attribute set’ers and get'ers. Meta mandatory parameter specifies which attribute to set or to get.
«set<Object> getAssociation(const Uml::AssociationRole &meta) const
Retrieves all the associated objects with a given role name. If no role specified, an empty set is
returned.
If this function is invoked on one end of the association with association classes, the association
classes are returned.
«void setAssociation(const Uml::AssociationRole &meta, const set<Object> &a)
Resets the associated objects with a given role name to the new set a;
«const Uml::Class &type() const;
Retrieves the type of an object.

« set<Udm::Object> derived() const;

Retrieves the derived objects (subtypes) of an object.
For each class is generated a Derived() function which returns objects of the same type.

eset<Udm::Object> instances() const;

Retrieves the derived objects (subtypes) of an object.
For each class is generated an Instances() function which returns objects of the same type.

«Udm::Object archetype() const;

Retrieves the archetype object of an object.
For eacg class is generated an Archetype() function which returns objects of the same type.

«bool hasRealArchetype() const;

Returns true if the object is primary derived. Returns false if is not. Throws exception if it's not
derived at all.

*bool operator ==(const Object &a) const
«bool operator !=(const Object &a) const
*bool operator <(const Object &a) const
*bool operator >(const Object &a) const
«bool operator <=(const Object &a) const
*bool operator >=(const Object &a) const
«bool operator !() const

operator bool() const

Operators that return a boolean value. The operations are actually evaluated on the unique Ids of the
operands’ implementations, and the result is returned.

5.3 Objectimpl calls

evirtual ObjectImpl *clone();
Returns itself, and increment its reference counter.

evirtual void release();
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Decrements the reference counter.
evirtual Udm::DataNetwork *__getdn();

Returns the data network this implementation belongs to.
evirtual const Uml::Class &type() const;

Returns the type of the ObjectImpl.
evirtual uniqueld_type uniqueld() const;

Returns the unique Id of the ObjectImpl.

evirtual string getStringAttr(const Uml::Attribute &meta) const;

evirtual void setStringAttr(const Uml::Attribute &meta, const string &a);
evirtual bool getBooleanAttr(const Uml::Attribute &meta) const;

evirtual void setBooleanAttr(const Uml::Attribute &meta, bool a);
evirtual long getIntegerAttr(const Uml::Attribute &meta) const;

evirtual void setIntegerAttr(const Uml::Attribute &meta, long a);
evirtual double getRealAttr(const Uml::Attribute &meta) const;

evirtual void setRealAttr(const Uml::Attribute &meta, double a);

Attribute setters and getters. Meta always specifies the attribute to operate.
evirtual ObjectImpl *getParent(const Uml::CompositionParentRole &role) const;

Retrieves the parent, if the role matches. If not, returns Udm::__null;
Note that in all back-ends an object can have only a single parent.

evirtual void setParent(ObjectImpl *a, const Uml::CompositionParentRole &role);

Sets the parent via the specified parent rofe. If the composition is not ambiguous, ro/e can be
omitted.

evirtual void detach();

Removes the object from the data network by removing all its associations and from its parent
children.

evirtual vector<ObjectImpl*> getChildren(const Uml::CompositionChildRole &meta, const Uml::Class &cls) const;
Returns the children of type c/s via child role meta.
Both of them can be omitted, in any combination.
If meta is omitted, all the children of type c/s are returned.
If clsis omitted, all the children via role meta are returned.
If both parameters are omitted, all the children are returned.

evirtual void setChildren(const Uml::CompositionChildRole &meta, const vector<ObjectImpl*> &a);

Resets some subsets of children. Elements of vector a can be of different types.

Child role can be omitted when for all the objects in vector a the containment is unambiguous.

If child role is omitted, the function will deduce an unambiguous composition child role for each
distinct type in vector g, All existing children via rolenames deduced this way are detached if they
are not present in the new vector/

evirtual ObjectImpl *createChild(const Uml::CompositionChildRole &childrole, const Uml::Class &meta)

Creates a child of the given type and via the given child role. Child role can be omitted if the
containment between these two type is unambiguous.

evirtual vector<ObjectImpl*> getAssociation(const Uml::AssociationRole &meta, int mode =
Udm:: TARGETFROMPEER) const;

Retrieves the associations via the given association role.

When there is an association with an association class, the mode parameter specifies which objects
are to be returned:
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TARGETFROMPEER - the other end of the association(default)
CLASSFROMTARGET - the association class (from either end)
TAGETFROMCLASS - either end from the association class
evirtual vector<Udm::ObjectImpl*> getDerived() const;
Retrieves the derived objects (subtypes) of an object.
evirtual vector<Udm::ObjectImpl*> getInstances() const;
Retrieves the derived objects (subtypes) of an object.
evirtual Udm::ObjectImpl* getArchetype() const;
Retrieves the archetype object of an object.

«bool hasRealArchetype() const;

Returns true if the object is primary derived. Returns false if is not. Throws exception if it's not
derived at all.
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evirtual void setAssociation(const Uml::AssociationRole &meta, const vector<ObjectImpl*> &nvect, int mode =
Udm::TARGETFROMPEER);

Resets the associated objects via the provided association role. The role can’t be omitted.

Mode has the same meaning as above, except that TARGETFROMPEER is invalid when setting up an
association with association class.

5.4 UML (Meta) calls

«const AssociationRole theOther(const AssociationRole &role);
«const CompositionChildRole theOther(const CompositionParentRole &role);
«const CompositionParentRole theOther(const CompositionChildRole &role);
Gets the other end of two-legged Uml classes: Composition, Association
«Class classByName(const Diagram &d, const string &name);
Finds a class by its name in a diagram.
eset<Class> AncestorClasses(const Class &c);
Get all the classes specified as ancestors, including self
eset<Class> DescendantClasses(const Class &c);
Get all the classes specified as descendants, including self
eset<Class> ContainerClasses(const Class &c);
Get classes directly specified for this class as parents (both ancestors and descendants are ignored)
eset<Class> ContainedClasses(const Class &c);
Get classes directly specified for this class as children (both ancestors and descendants are ignored)
eset<Class> CommonAncestorClasses(const set<Class> &cs);
Get classes that are ancestors of all the classes in a set
eset<Class> AncestorContainerClasses(const Class &c);
Get classes that are ancestors of all the classes in a set
eset<Class> AncestorContainedClasses(const Class &c);

Get classes this object or its ancestors specify as parents (ancestors in child are extracted,
descendants of parents are ignored)

eset<Class> AncestorContainedDescendantClasses(const Class &c);

Get classes this object or its ancestors specify as children (ancestors in parent are extracted,
descendants of children are ignored)

«set<AssociationRole> AssociationTargetRoles(const Class &c);
All the other ends of associations (ancestors are ignored)
«set<AssociationRole> AncestorAssociationTargetRoles(const Class &c);

All the other ends of associations this class can have (including those defined in ancestors)

«set<AssociationRole> AncestorAssociationRoles(const Class &c);
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All local ends of associations this class can have (including those defined in ancestors)
«set<CompositionParentRole> CompositionPeerParentRoles(const Class &c);

All the other ends of compositions defined for this class as child (ancestors are ignored)
«set<CompositionParentRole> AncestorCompositionPeerParentRoles(const Class &c);

All the parent ends of compositions this class can participate in (including those defined for
ancestors)

«set<Attribute> AncestorAttributes(const Class &c);
All attributes this class can have (including those defined in ancestors)
«Composition matchChildToParent(Class c, Class p);

Find the single way a class can be contained by another, return NULL none or if multiple roles are
found.

*bool IsDerivedFrom(const Class &derived, const Class &base);
Returns true if derived derives from base.
*bool IsAssocClass(const Class &cl);
Returns true if class cl is an association class.
*bool IsAssocClass(const Association &ass);

Returns true if the association belongs to an association class.

5.5 Miscellaneous calls

«Void UdmUltil:: CopyObjectHierarchy(Udm::ObjectImpl* p_srcRoot, Udm::ObjectImpl* p_dstRoot,
Udm::DataNetwork* p_dstBackend);

Utility that copies a sub-tree from a data network to another data network.
Consistent (same) meta information is assumed in both data networks. If there are links pointing out
from the sub tree of the source data network, exception is thrown.
«int CopyObjectHierarchy(Udm::ObjectImpl* p_srcRoot, Udm::ObjectImpl* p_dstRoot, Udm::DataNetwork*
p_dstBackend, copy_assoc_map &cam)

Same function, but it provides a mapping of some source objects (those inserted by the caller in the
map) to their respective destination objects.

«String UdmUtil:: ExtractName(Udm::Object ob);

This function will search for an attribute named “name” and it found, it will extract its name.
«Static const Uml::Class& Uml::SafeTypeContainer::GetSafeType(const Uml::Class &a);

Static function to obtain a type object which won't be deleted until released with RemoveSafeType().
«Static void Uml::SafeTypeContainer::RemoveSafeType(const Uml::Class &a);

Release a safe type object.
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5.6 UDM TOMI interface

These calls are defined as member functions of the class Udm::Object
«Structure to identify an association:

struct AssociationInfo

{
// clsAssociation can be empty (UML::Class()) - simple association.
const Uml::Class & clsAssociation;
string strSrcRoleName;
string strDstRoleName;
)7

«Structure to identify a composition:

struct CompositionInfo

{

string strParentRoleName;
string strChildRoleName;

Y

Retrieves the adjacent objects of an object associated via simple association or association class.
The returned set can be empty. Composition relationships are not considered here.

set<Object> GetAdjacentObjects();

«Retrieves the adjacent objects of an object. The adjacent objects are of the type of clsType or derived from it. The
returned set can be empty. Composition relationships are not considered here.

set<Object> GetAdjacentObjects(const Uml::Class & clsDstType);

«Retrieves the adjacent objects of an object via link instance of ascType.
The adjacent objects are of the type of clsType or derived from it.
The returned set can be empty. Composition relationships are not considered here.
Parameter clsType can be null.

set<Object> GetAdjacentObjects(const Uml::Class & clsDstType, const AssociationInfo& ascType);

«Get attributes by name. These are INEFFICIENT functions using iteration. These functions return false if the
attribute with the specified type and attribute name does not exist. Hence these parameters are specified in the
metamodel, it can be serious error. If no problem they retrieve true.

bool GetIntValue(string strAttrName, int& value);

bool GetStrValue( string strAttrName, string& value);

bool GetRealValue( string strAttrName, double& value);

bool GetBoolValue( string strAttrName, bool& value);

virtual bool SetIntValue( string strAttrName, int value);

virtual bool SetStrValue(string strAttrName, const string& value);
virtual bool SetRealValue( string strAttrName, double value);
virtual bool SetBoolValue( string strAttrName, bool value);

*Returns the parent object.

Object GetParent();
Object container();

«Retrieves all children not considering types and role names.
set<Object> GetChildObjects(Object object);

«Retrieves all children considering child types but not role names.
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5.7

set<Object> GetChildObjects(const Uml::Class & clsType);
«Retrieves all children considering role names and child types. To ignore child types set clsChildType to Uml::Class().
set<Object> GetChildObjects(const CompositionInfo& cmpType, const Uml::Class & clsChildType);
«Gets the objects of the association class from between two objects.
set<Object> GetAssociationClassObjects(Object dstObject, const AssociationInfo& ascType);
*Gets the two peers from an object of association class type
pair<Object,Object> GetPeersFromAssociationClassObject();
«Creates an object of clsType
Object CreateObject(const Uml::Class & clsType);

«Creates a link of a simple association or an association with association class. If ascType.clsAssociation is not valid a
simple association will be tried. On error results in false, true otherwise.

bool CreateLink(Object dstObject, const AssociationInfo& ascType);
*Removes an object from the persistent storage.

void DeleteObject();

UDM Project classes and members

Udm:

Udm:

These calls are defined as member functions of the class Udm::UdmProject and Udm::StaticUdmProjects
«Constructs an empty UdmProject. No datanetworks are created yet.
UdmProject(bool static_pr = false);
«Opens an existing UDM Project file

virtual void UDM_DLL OpenExisting(const string & project_file, enum BackendSemantics =
:CHANGES_PERSIST_ALWAYS);

«Creates a UDM Project file. The Datanetworks which are to be created as part of the project are specified through
a DataNetworkSpecifiers:

class DataNetworkSpecifier

{
public:
const string filename;
const string metalocator;
const Uml::Class &rootclass;
UDM_DLL DataNetworkSpecifier(const string& fn, const string& ml, const Uml::Class& rc)
: filename(fn), metalocator(ml), rootclass(rc){};
)7

virtual void CreateNew(const string & project_file, vector<DataNetworkSpecifier>, const
:UdmDiagram& cross_diag , enum BackendSemantics = Udm::CHANGES_PERSIST_ALWAYS);

«Get pointers to the datanetworks inside a project
vector<DataNetwork*> GetDataNetworks();

«Get a reference to a specific datanetwork (located by it's systemname)
Udm::DataNetwork& GetDataNetwork(const string &which);

*Get all the meta diagrams for the datanetworks in the Project.

Page 48 of 96



vector<Uml::Diagram> GetMetaDiagrams() const;
*Check if the project is a meta UDM project. If so, this returns true.
bool IsCrossMetaSpecifier() const;
«Check if the project is an instance UDM project. If so, this returns true.
bool HasCrossMeta() const;

«Valid only in case of meta UDM projects, returns the DataNetwork containing the metainformation (UML
classdiagram) describing the cross-package associations.

DataNetwork& GetCrossMetaNetwork();

«Valid only in case of instance UDM projects, returns the UdmDiagram holding the Initialize() function and the
metainformation for the datanetwork containing the cross-datanetwork links.

UdmDiagram& GetCrossMeta() const;
*Add dynamically metainformation which was not compiled-in the application.
virtual void AddDynamicMeta(const DynamicMetaSpecifier&);
*Remove the dynamically added datanetworks.

virtual void ResetDynamicMetas();

5.8 UDM MetaDepository members

«Locate a Uml::Diagram by it's name

static const UdmDiagram & LocateDiagram(const string& DgrName);
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6.Interpretted UDM

6.1 Udm Cint

udmCint is a runtime, interactive ANSI C++ interpretter which on-the-fly
compiles and evaluates arbitrary code on UDM objects. The language is about 85%
coverage of ANSI C++. The standard C library and the standard template [Bfay (
are supported. For more information about Cint please see the Cint documentation, which
is included in the binary distribution.

The UdmCint framework consists of:

-UdmcCint API, which is a set of calls which can be used in
compiled context to set up an interpretter context.

-UdmPseudolnterface API, which is a set of classes that can be
used in both the compiled and the interpreted context. Thus, the
data structures defined here are used to exchange data between
the intepreted and compiled context.

6.1.1 The Udm Cint API:

The Udm Cint APl is defined in the header file Udmlint.h, which must be included
when this functionality is needed.

«void cint_init(char * cint_switches, void (*msg_han dler)(char *));

Initializes the Cint interpeter engine.

cint_switches —switches that need to be passed to t he engine
msg_handler  -a call-back function which can handle error and warning
messages

«void cint_destroy();

Clears the Cint interpreter context, and all the me mory and resources
allocated for it. After this call, the interperter shouldn’t be used.

«void cint_add_object(Udm::Object o, string name);

Defines a UdmPseudoObject in the interpreted contex t, in the current

scope. Basically, this call will place a single lin e which declares a
UdmPseudoObject with the given name, and it will in itialize it with the
proper object and datanetwork ids of the object o. Thus, the scope of this
variable will depend on the current context of the interpreter. If it's
outside of any block, it will have a global scope, ifit's issued in a

block, than it will have a local scope, which is th e current block.

The only way to remove a global variable added with this call is to

destroy and re-init the interpreter.

«void cint_ipretter();

Starts an interactive Udm Cint session. Arbitrary ¢ ode can be executed
containing declaration, conditional statements, con trol loops, etc.

By hitting <ENTER> at the end of the line the code will be executed,
unless there are unbalanced begin block {* charact ers. In such cases it
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will wait for further input lines until the block i
balancing '} characters, and then the block will b
entering a block in multiple lines, the prompt alwa
displaying an extra ‘{" character for each unbalan
evaluation occurs, the return value of the expressi

«int cint_int_calc(string code);
«double cint_double_calc(string code);

Evaluates the expression, which can not contain dec
statements. Depending on the expected type of the r
expression, the more appropiate function should be

«int cint_int_eval(string code);
«double cint_double_eval(string code);

Evaluates the expression, which can contain declara
statements. However, it can not contain function de
the expected type of the return value of the expres
appropiate function should be used.

echar* cint_load_text(const char *namedmacro);
cint_load_text()loads null terminated string as sou
contain any kind of C/C++ syntax that Cint supports
saved into a temporary file, then read by Cint. The
automatically removed when it is unloaded.
cint_load_text() returns name of the temporary file

You can use that name for unloading. In an event o
cint_load_text() returns 0.

«int cint_loadfile(const char *filename);
cint_loadfile() loads source code or DLL(Dynamic Li
This is just a wrapper function. Refer to the G__lo
documentation.

«int cint_unloadfile(const char *filename);

cint_unloadfile() unloads a loaded file at runtime.
function. Refer to the G__unloadfile() Cint API cal

6.2.2 The UdmPseudolnterface API:

s closed with the

e evaluated. When

ys changes accordingly,
ced {". When

on is printed.

laration or conditional
eturn value of the
used.

tion or conditional
fintions. Depending on
sion, the more

rce code. It can
. The text is once
tempoprary file is

in a static buffer.
f failure,

nk Library) at runtime.
adfile() Cint API call

This is just a wrapper
| documentation.

Basically, the most important class defined by this APl is the class

UdmPseudoObject, which is a wrapper of the Udm::Object class, and can be initialized
with an object and a data network Id. The cladsmPseudoODbjectS represents an

unordered collection ofJdmPseudoObject-s. Strings are passed by reference, as objects
of typecint_string, class which is also defined by this API. Two more structs are defined,
Associationl nfo andCompositionl nfo, which are basically the very same thing as the
structs introduced by the TOMI interfaddgdm::Object::Associationinfand
Udm::Object::Compositioninfathe difference is the type of the members, while their
semantic remains the same.

This APl is defined in UdmCint.h. The classes defined here are automatically
known to the interpreter context, so it does not have to be included in the beginning of the
interpreted code. Even if the intended use of this APl is to be used in interpreted, contex
however, as the examples will show, they can be used in compiled context as \wil. In t
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particular situation, the include file UdmCint.h needs to be included in the compiled
code.

In dependency order:

class cint _string

ci nt _stri ng objects are meant to be created in interpreter con text, and on the
stack. This way, there are no memory allocation/dea llocation and buffer overflow
issues between the interpreted and the precompiled code; The allocation always
occurs when the variable is declared, with a predef ined size. The cint_string
always knows how many bytes were allocated, and wil | refuse copying more bytes to
the buffer. The deallocation will occur when the va riable (in the interpreter’s
context) goes out of scope or (in case of global va riables) the interpreter is
destroyed, or, with the operator=(cint_string & rm operator an other cint_string
is assigned.

cint_string();

creates a NULL string, no allocation occurs.
This instance is not able to hold any characters.

cint_string(int length);

creates a new string which can accommodate | engt h characters.
However, the value of the string is undefined at th is stage.

cint_string(const char * frm);

creates a new string out from the NULL terminated f r m The length will be
equal to strlen(frm). The string is copied, so f r mcan be released.

cint_string& operator=(const cint_string& frm);

assigns a new string to this.If t hi s is not a NULL string, then it's
buffer is freed first. A new buffer is allocated, a nd a copy of frms
buffer is stored, so f rm can go out of scope.

bool CopyFrom(const char * frm);

copies a string into t hi s’s buffer. Thi s is expected to be a not-NULL

string. (i.e. constructed with either with cint_string(int Iength) or
cint_string(const char * frm).If f r mis longer than the buffer of this,
then only that count of characters are copied which the buffer can
accommodate. If the size of f r mis less then the length of the buffer,

then the buffer is padded with null bytes. ( strncpy behaviour). Returns

with the value of the over f | owmember variable.

bool operator !() const;

returns true if the string is a NULL string. (no cu rrently allocated
buffer)

operator bool() const;

returns true if the string is not a NULL string. (t here is a currently
allocated buffer)

int comp(const char * compare_to) const;
strenmp() functionality.
bool overflow;

public member variable which is set to true by the CopyFrom() function, if
the string to be copied was larger than the buffer.
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const char * buffer() const;

returns a pointer to the internal buffer. It should not be freed by the
caller.
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struct Associationinfo

this struct has the same semantics as Udm : Obj ect: : Associ ati onl nfoandis
used to call TOMI functions from the interpreted co ntext.

cint_string assoc_class;

the name of the association class, if any. It can b e a NULL cint_string,
which means that the structs represents an associat ion w/o an association
class.

cint_string SrcRolename;
cint_string DstRolename;

the name of the roles. Cannot be a NULL cint_string

AssociationInfo(const char *src, const char *dst, ¢ onst char *assoc);
AssociationInfo(cint_string src, cint_string dst, ¢ int_string assoc);

Constructors just for convenience.

struct Compositioninfo

this struct has the same semantics as Udm : Obj ect : : Conpost i onl nfo and is
used to call TOMI functions from the interpreted co ntext.

cint_string parentRole;
cint_string childRole;

the name of the roles. Cannot be a NULL cint_string

Compositioninfo(const char *pr, const char *cr);
CompositionInfo(cint_string pr, cint_string cr);

Constructors for convenience.

class UdmPseudoObjectS

this is an unordered container of UdnPseudoOnj ect -s , a class which is defined
right after this one in this document.

This class is meant to be instantiated on the stack , in the interpreted context,
with a predefined size parameter. References to obj ects created this way then can
be passed to those methods of class UdnPseudoObj ect , which are supposed to return

a set of UdnPseudonj ect -s.
UdmPseudoObjectS(int length);

A buffer is allocated which can hold | engt h number of UdnPseudoObj ect -s.
If length is zero, no allocation occurs.

UdmPseudoObjectS(const UdmPseudoObjectS &frm);

A buffer is allocated and all UdnPseudoObj ect -s are copied from frmif
any .
UdmPseudoObjectS& operator=(const UdmPseudoObjectS &frm);
Current buffer is freed. A new buffer is allocated and all
UdnPseudoOhj ect -s are copied from frm ifany

bool operator !() const;

returns true if the container does not contain any UdnPseudoOhj ect .
operator bool() const;

returns true if the container contains at least one UdnPseudoOhj ect .

UdmPseudoObject& operator[](const int index) const
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returns a reference to the UdnPseudoOhj ect at the zero-based i ndex
position in the container . Ifthe i ndex is beyond the length of the
container, the over fl ow public bool variable is set to true and the
UdnPseudoObj ect at the last position is being returned.

void SetAt(const int index, UdmPseudoObject& item)

copies itemtothe UdnPseudoObj ect at the zero-based i ndex position in the
container . Ifthe i ndex is beyond the length of the container, the
over fl ow public bool variable is set to true and the UdnPseudoj ect at

the last position is being set.

bool overflow;

indicates an index overflow during Set At () and [] operations.
int GetLength() const;

returns the length of the container.

class UdmPseudoObject

this class is a wrapper class for Udm : Obj ect . Basically, it has a
corresponding method for all the Udm::Object method s, the Udm::Objectimpl methods. These
methods delegate the call to the corresponding Udm : Cbj ect or Udm : Obj ect | npl method,
after doing some trivial transformation between dif ferent types.

UdmPseudoObject();

constructs a NULL object

UdmPseudoObject(unsigned long dn_id, unsigned long ob_id);
constructs an object with the given data network and object id
UdmPseudoObject& operator=(const UdmPseudoObject& frm);

assignment operator.

static bool GetlLastError(cint_string& buffer);

retrieves the last error, if any. The result is sto redin  buffer.
It should be checked after any method call on this object that returned
false. The return value is true, if there was an er ror, and in this case
the description is copied to buf f er . Invoking this method clears the error

condition. Only the last error can be retrieved.
bool type(cint_string &buffer) const;

stores the name of the object’s type in buf f er . Returns false, if there
was an error.

bool uniqueld(unsigned long &id) const;

stores the uniqueld of the object in i d. Returns false, if there was an
error.

bool getParent(const cint_string &prole, UdmPseudoO bject &value) const;
stores a UdmPseudoObiject in val ue which is bound to the parent object.
pr ol e is the name of the parentrole, which can be NULL. The method behaves
the same way as Obj ect | npl : : get Parent () does.
Returns false, if there was an error.

bool setParent(UdmPseudoObject &parent, const cint _string &prole);

set a the object bound to par ent as parent for the object.
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pr ol e is the name of the parentrole, which can be NULL. The method behaves
the same way as Obj ect | npl : : set Parent () does.
Returns false, if there was an error.

bool detach();

removes the object from the object network.
Behaves the same was as Obj ect | npl : : detach() does.
Returns false, if there was an error.

bool getChildren(const cint_string &crole, const ci nt_string &kind,
UdmPseudoObijectS &value) const;
stores UdmPseudoObjects bound to the children in val ue.
crol e is the name of the child role, which can be NULL.
Ki nd is the name of the Un :: d ass type of children to be returned, which
also can be NULL.
Behaves the same way as Obj ect | npl : : get Chi l dren() does.
If crole and/or kind are NULL, Object!npl::getChildren() will be called
accordingly, with NULL CompositionChildRole or NULL Class, respectively.
Returns false, if there was an error.
bool setChildren(const cint_string &crole, const Ud mPseudoObjectS &value);
sets the object’s children via role cr ol e to the objects bound to
UdmPseudoObjects in val ue.
crol e is the name of the child role, which can be NULL.
Behaves the same way as Obj ect | npl : : set Chi l dren() does.
If the crol e is NULL, then Obj ect I npl : : set Chi | dren() will be invoked

accordingly, with a NULL CompositionChildRole.
Returns false, if there was an error.

static const TARGETFROMPEER = 0;
static const TARGETFROMCLASS = 1;
static const CLASSFROMTARGET = 2;

static constants which can also be found with exact ly these values in the
Udm namespace.
bool getAssociation(const cint_string &ass_role, Ud mPseudoObjectS &value, int mode

= TARGETFROMPEER) const;

stores UdmPseudoObjects bound to the associations v ia role with name

ass_rolein val ue.

ass_rol e is the name of the association role, which cannot b e NULL.

Behaves the same way as Obj ect | npl : : get Associ ation() does.

Returns false, if there was an error.

bool setAssociation(const cint_string &ass_role, co nst UdmPseudoObjectS &value,
int mode = TARGETFROMPEER);
sets the associated objects via role ass_rol e to the objects bound to
UdmPseudoObjects in val ue.
ass_rol e is the name of the association role, which cannot b e NULL.
Behaves the same way as Obj ect | npl : : set Associ ation() does.

Returns false, if there was an error.

bool SetIntVal(const cint_string &name, long value)

bool SetRealVal(const cint_string &hame, double va lue);
bool SetStrVal(const cint_string &name, const cint _string & value);
bool SetBoolVal(const cint_string &name, bool valu e);
attribute setter functions.
nane is the name of the attribute to be set, which can not be NULL.
Return false if there was an error. If false is ret urned, and
Get Last Error () is also false, then the attribute with that name a nd type

does not exist.
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bool GetIntVal(const cint_string &name, long &value );

bool GetRealVal(const cint_string &name, double &v alue);
bool GetStrVal(const cint_string &name, cint_strin g & value);
bool GetBoolVal(const cint_string &name, bool &val ue);

attribute getter functions.

nane is the name of the attribute to be set, which can not be NULL.

Return false if there was an error. If false is ret urned, and

Get Last Error () is also false, then the attribute with that name a nd type
does not exist.

Get StrVal () uses cint_string:: CopyFron() to store the stringin val ue.

bool GetAdjacentObjects(UdmPseudoObjectS &value);

bool GetAdjacentObjects(const cint_string &dst_typ e, UdmPseudoObijectS &value);

bool GetAdjacentObjects(const cint_string &dst_typ e, const Associationinfo & ass,
UdmPseudoObjectS & value);

bool GetParent(UdmPseudoObiject &value);

bool GetChildObjects(const cint_string & type, Udm PseudoObjectS &value);

bool GetChildObjects(const Compositioninfo &ci, co nst cint_string & type,
UdmPseudoObijectS &value);

bool GetAssociationClassObjects(const UdmPseudoObj ect &dstObiject, const
AssociationInfo & ai, UdmPseudoObjectS &value);

bool GetPeersFromAssociationClassObject(UdmPseudoO bjectS &value);

bool CreateObject(const cint_string &type, UdmPseu doObject &value );

bool CreateLink(UdmPseudoObject &dst, const Associ ationInfo& ass_type);

bool DeleteObject();
the wrapping functions of TOMI API.

Overview of differencies:
Return value:

same as the return value of the corresponding TOMI call, unless the
Udm : Obj ect could not be found based on the Ids. In this case the
TOMI method is not invoked, false is returned, and an error

condition is set, Get Last Error () returns true and gives a

description of the error.

cint_string instead of Unl : : d ass argument types:
in these wrapper functions types are identified wit ha cint_string
parameter with the name of the class instead of U :: d ass. The

real Um::C ass type parameter is obtained via a
Unl :: findd assByNane() on the set of classes of the meta diagram.
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Example code using the UdmCint API:

code which createslddmPseudoObjech interpreted context, and invokes a
method on it:

int main(int argc, char *argv[])
{
Udm::SmartDataNetwork nw(diagram);
nw.CreateNew(argv[1],"LampDiagram", RootFolder.a)gt
{
RootFolder rrr = RootFolder::Cast(nw.GetRootOt{j¢r
Lamp lamp = Lamp::Create(rrr);
lamp.name() = "Host Lamp *;
lamp.ModelName() = "Tester lamp";

cint_init(NULL, myDisplay);
cint_add_object(lamp,"host_lamp");

string code = "host_lamp.SetStrVal(\"name\",\"cint changes the name\");";
cint_ipretter();
cint_int_calc(code);

}

code which createslddmPseudoObjech compiled context, and invokes a
method on it in interpreted context(UdmCint.h must be included):

int main(int argc, char *argv[])

Udm::SmartDataNetwork nw(diagram);
nw.CreateNew(argv[1],"LampDiagram”, RootFolder.a)gt
{
RootFolder rrr = RootFolder::Cast(nw.GetRootOt{jgr
Lamp lamp = Lamp::Create(rrr);
lamp.name() = "Host Lamp ";
lamp.ModelName() = "Tester lamp";

cint_init(NULL, myDisplay);
UdmPseudoObject pseudo_lamp(dn_id, o_id);

char code[200];

sprintf(code, "UdmPseudoObject * p_pseudo_lamp fUdmPseudoObject *) %ld;\n", &pseudo_lamp);
cint_int_eval(code);

sprintf(code, "UdmPseudoObject pseudo_lamp = *p_geudo_lamp;\n");

cint_int_eval(code);

sprintf(code,"pseudo_lamp.SetStrVal(\"name\",\"cint changes the namel\");");

cint_int_eval(code);
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Appendix A - UDM tools documentation

Udm
NAME
Udm - generate APl and XSD/DTD from UML class Diag ram
representation
AUTHOR
Miklos Maroti - mmaroti@math.vanderbilt.edu
Arpad Bakay - arpad.bakay@vanderbilt.edu
Endre Magyari - endre.magyari@vanderbilt.edu
SYNOPSIS
Udm <inputname> [<namebase>][-t <tempdiagram>] [-d <DTD path>] -m
<inputname> The name of the input XML document
(Conformant to the uml.dtd file)
<namebase> The basename of the output documents
(.h, .cpp, .dtd), and also the namespace
the API is defined in.
-m A special .cpp format is generated, which
creates a static data network which does not
require meta information. Uml.cpp, the meta-
meta model should be generated with this
switch.
-d the path where the DTD file are searched. If
not provided, the PATH is searched if a DTD is
needed.
-C A special .CPP format is generated, which
instead of creating the meta-objects as static
data network, creates a data network containing
objects wrapping CORBA proxies of already
existing meta-objects in a remote server.
-l macro_name A custom macro name is included befor e class
declarations. This makes possible to export all
classes in a DLL for example.
-S [Experimental] C# code generation for the
Microsoft .Net platform. It can be used
together with the —m switch.
-t Generate DTD instead of XSD
DESCRIPTION
Udm generates API and .xsd files from an XML repre sentation of a
UML diagram. These XML-s are usually extracted from GME-UML (using the

associated interpreter)
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The API files are necessary for compiling UDM appl ications, as
described in the ‘Creating a C++ project using UDM’ section of the UDM
documentation.

Udm.exe also contains Uml.xsd as a resource, so it is not
necessary to have it available upon loading and XML representation of a
UML diagram.

UdmBackendDump
NAME
UdmBackendDump - generate a human readable textual representation

Of an object network regardless of its meta-model

AUTHOR

Tihamer Levendovszky- tihamer.levendovszky@vanderb ilt.edu
SYNOPSIS

UdmBackendDump <backend_file.mga>|<backend_file.xm >

<backend_meta_file.xml>

<backend_file.mga> The name of the GME DataNetwork file
<backend_file.xmlI> The name of the DOM DataNetwork file
<backend_meta_file.xmI> The name of the DOM DataNe twork XML-
Metafile
DESCRIPTION
UdmBackendDump generates a textual description of an object
network. It dumps out all the meta(classes, associa tions, compostions)
and instance(objects, links) entities in a textual representation.
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UdmViz

NAME

UdmViz - generates a textual representation from a Udm backend
file to the standard output that serves as an input of the dot.exe from
ATT GraphViz graph displaying utility (it can be do wnloaded from
http://www.research.att.com/sw/tools/graphviz/downl oad.html).
AUTHOR

Tihamer Levendovszky- tihamer.levendovszky@vanderb ilt.edu
SYNOPSIS

UdmViz <backend_file.mga>|<backend_file.xml>
<backend_meta_file.xml> <flags>

<backend_file.mga> The name of the GME DataNetwork file

<backend_file.xmlI> The name of the DOM DataNetwork file

<backend_meta_file.xmI> The name of the DOM DataNe twork XML-
Metafile

<flags> [-<a>|<I><al>] —a: aggregate hierarchy —
I: links, role names —al: both. Default(if flags ar e omitted): —I.
DESCRIPTION

UdmViz generates a textual description of an objec t network for
an ATT GraphViz digestible format to the standard o utput. This is
another way to display an object network from a Udm backend.
SAMPLE

Exporting the aggregation hierarchy from model.xml to a GIF
picture:

UdmViz model.xml meta.xml —a > x.dot
dot -Tgif x.dot > x.gif
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UlIntWiz

NAME

UIntWiz - generates a framework for creating GME i

using the UDM GME backend.

AUTHOR

nterpreters

Tihamer Levendovszky - tihamer.levendovszky@vanderbilt.edu

Anantha Narayanan — Ananth@isis.vanderbilt.edu

SYNOPSIS
(This is a windows based wizard application)

DESCRIPTION

UIntWiz generates a Visual Studio 6.0 project file
necessary capabilities to provide a programming env
UDM. The meta can be loaded statically by specifyin
.h and .cpp files in the wizard. The meta can also
dynamically, in which case the user will be asked t
during run-time. In the generated code, the Udmapp.
the main entry point of the UDM-based interpreter.

More detailed documentation can be found in the fi
UdminterpreterWizard.pdf.
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UdmOclPat

NAME
UdmOclPat — process Udm data to produce text output
a simple pattern script.

AUTHOR

Anantha Narayanan - Ananth@isis.vanderbilt.edu

SYNOPSIS
UdmOclPat <indata> <diagram> <patternfile>

<indata>: input Udm data. If the file extension is

as defined in

none of the

well-known values (e.g. ‘.mga’ or ‘.xml’), the pref ixes
‘GME:’ or ‘DOM:’ are used to indicate the backend t ype.

E.g.

DOM:<domfilename> : open as DOM data (i.e. an XML

file)

GME:<projectconnstr> : open as GME data

name_without_prefix.ext : guess type based on

extension
<diagram>: the UML-XML file that was used to creat
<patternfile>: the name of the pattern script

DESCRIPTION

UdmOclPat reads Udm data while processing a patter
generate output to one or several files. The patter
plain text, which is copied to the output verbatim,
instructions that are evaluated, and their result i
output. These instructions are in a modified form o
instructions are separated from the plain text usin
“<”and “:>".

The input Udm data can be navigated using standard
object.name). These may return pritive types such a
numbers, or return an object or a collection of obj
be performed on the returned values, such as print
to the output, or iterate through a collection of o
statements must end in a semicolon. Script blocks m
curly braces. Some additional commands such as “pri
been added to provide functionality not available i
as print output or open files. These commands will

UdmOclPat always accesses Udm data in read-only mod

UdmOclPat is a generic application, i.e. the meta
(class, attribute, relationship definitions) on the
provided runtime, but compile-time, in form of an U
specified by the <diagram> argument.

The OCL instructions are always evaluated in the co
object. The default context is the root object. Thi
changed, such as inside an iteration.
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Data printed before an output file is specified is
standard output. Therefore, the first non-comment p
open() command, that specifies the output location.

open( <filename>, <mode>, <handle> );
This command is used to open files for output.

Filename: This is a string that represents a file
be a literal string, a string attribute or a concat

Mode: This specifies the mode to opent he file in
output, and delets any existing file with the same
append mode, and all output is appended at the end
in the file. “f” indicates that the program must fa
the same name already exists.

Handle: The handle is used to identify a file for
output. Multiple files can be opened at the same ti
directed tot eh appropriate handle.

e.g.:
<: open(obj.name + ".xml", "0", configFile); :>

switch( <handle> );

The open command only opens a file for output, but

direct output to that file. The “switch” command is

The argument must be a valid “handle” that was defi
“open” statement. Once a switch command is executed
is sent to that file.

e.g.:
<: switch( configFile); :>

print( <arg>)

Print the value of <arg> to the output. <arg> can
an attribute with a printable value, or a concatena
(“lundefined]” is printed in case the attribute or
printable).

e.g.:
<: print(“The name of the object is: “ + obj.name)

In addition to these three basic commands, several
be used for navigating the data. Some of them are d
can find the details in the OCL section of the GME
any book on OCL.

The “self” expression identifies the initial conte
usually the root folder. All objects can be navigat
context. The navigation can be done according to th
which you provide to the pattern processor. Conside
meta shown below:
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FootFolder

0=
Ohject

name ; string

The root folder can contain any number of “object”
“self” denotes the root folder, we can use “self.ob
these objects. Note that “object” is used with a lo
standard is to change the first letter of the class
in order to navigate contained objects.

In this case, the expression “self.object” returns
of classes. These can in turn be iterated using the
iterators. “forAll” is one such iterator. The synta
the pattern processor (which is slightly different
syntax) is:

classes. Since
ject” to navigate
wercase “0”. The UDM
name to lowercase,

a collection
standard OCL
x for its usage in
from the standard

Col | ect i on->forAll( i ter |{<oclexpression block>});

Where “collection” is the OCL collection which is b
“iter” is the iteration variable or loop variable (
instance from the collection for each iteration). T
block” can be any valid set of pattern instructions
its own appropriate syntax. This has to be enclosed
even if it is a single OCL expression. Also notice
statement itself must be ended with a semicolon.

The usage of the “forAll” iterator is shown below:
<

self.object->forAll( obj | { print(“Obj name: “ +
>

This iterates through the collection of all “objec
the root folder, and prints the value of the “name”
instance.
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UdmCopy

NAME

UdmCopy - replicate a data network in another persi stence engine.
AUTHOR

Arpad Bakay - arpad.bakay@vanderbilt.edu
SYNOPSIS

UdmCopy <indata> <outdata> <diagram> [<metalocator> ]

<indata> the name of the input data (filename or G ME

connection string). If the file extension is none o
the well-known values (e.g. .mga’ or ‘.xml’), the
prefixes ‘GME:’ or ‘'DOM:’ are used to indicate the
backend type.
<outdata> the name of the output data (filename or GME
connection string). If the file extension is none o
the well-known values (e.g. .mga’ or ‘.xml’), the
prefixes ‘GME:’ or ‘'DOM:’ are used to indicate the
backend type.
<diagram> the XML representation of the UML diagra m that
describes the data structure to be copied.

DESCRIPTION

UdmCopy copies an existing Udm data network into a new one.
Either of them may use any of the supported backend technologies (DOM
or GME.

UdmCopy is a generic application, i.e. the meta in formation
(class, attribute, relationship definitions) on the data is not
provided runtime, but compile-time, in form of an U ML XML file,
specified by the <diagram> argument.

The entities specified by the parameters must be ¢ ompatible with
each other. <diagram> must be compatible to both < metalocator> and
<indata> (e.g. created by a Udm application that us ed Udm source
generated from <diagram>). <outdata> is generated t 0 be compatible with
<diagram>.

FILES

uml.xsd : the <diagram> file must be compliant wit h this
DTD. UdmCopy contains a copy of this file as an
attached resource. The ‘-d’ option can be used
to specify a different DTD file.

Example:

UdmCopy I11.xml [2.xml  LampDiagram.xml

This copies the existing datanetwork (I11.xml), whic his an
instance of the UML diagram described in LampDiagra m.xml. The copy
datanetwork resides in 12.xml.
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Appendix B - Simple UML class diagram, created in
GME2000

EleciticDevice
RootFolder MaxvoltageRating : Real[0..1] Wire ElectricTerminal
. o 0.7 | MaxTempRating : Integer[0..1] = - R -
registry RegAttr : String[0..1] T String[0. 1] [ Armpe - Realll ] [ T\,Drps?ti.on.g::::g{g.”
name : String[0..1] 0 P _ o
' End1 (0. "End2 |0,
Plug
Farmat : String[0..1] [7 R H
I
I
Lamp
ModelMame : String="Default Lamp Mame"
ArrayStr: String[0..* ordered]="second" "first'
| Arrayint ; Integer1.* ordered]=5,4,3,2 Main Switch Switch
ArrayBoal Boalean[0.* ordered]=false true false true . 1 _
ArrayReal Real[0.* ordered]=9,8,7 6 Fun 'onswgct gmfpsa Rl’eal[[DD..11]
valatile public TempArrayStr : String[0..* ordered]="tempdef3" "tempdef2" "ahcdef cligalziiitllily
™| volatile TempArrayint : IntegerD. *ordered)=9,8,5,6 dst (0.7

valatile TempArrayReal Real[0.* ordered]=40,35 2617
volatile TemphrrayBoolean : Boaolean[0.* ordered]=true false true false

Bulb — registry Regattr String[0..1]

Voltage : Real[0..1] [ 1
Wattage ©  Real[1] [— | *
ControlLink

narme : String[0..1]

HalogenBulh
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Appendix C - Matching GMEMeta 2000 paradigm of
the UML ClassDiagram
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Appendix D - XML representation of UML

information.

(Created with UML2XML GMEZ2000 Interpretter from the Diagram in Appendix B)

<?xml version="1.0"?>

<Diagram name ="LampDiagram"
version="1.00"
xmins:xsi="http://www.w3.0rg/2001/XMLSchema-inst
xsi:noNamespaceSchemalocation="Uml.xsd">

<l-- Generated by the UML2XML interpreter -->

<Association _id="id00003" name= "ControlLink" asso
<AssociationRole _id= "id00001" name= "src" min=
<AssociationRole _id= "id00002" name= "dst" min=
</Association>
<Association _id="id00006" name= "Wire" assocClass
<AssociationRole _id= "id00004" name= "End1" min
<AssociationRole _id= "id00005" name= "End2" min
</Association>
<Class _id="id000023" name= "Wire" isAbstract= "fal
"id00006">
<Attribute name= "Amps" type= "Real" ordered="f
registry= "false" min="0" max="1"/>
</Class>
<Class _id="id000024" name= "Bulb" isAbstract= "fal
associationRoles= " id00001" childRoles= " id000014
<Attribute name= "Voltage" type= "Real" ordered=
"false" registry= "false" min="0" max= "1"/>
<Attribute name= "Wattage" type= "Real" ordered=
"false" registry= "false" min="1" max= "1"/>
</Class>
<Class _id="id000025" name= "Plug" isAbstract= "fal
>
<Attribute name= "Format" type= "String" ordered
"false" registry="false" min="0" max="1"/>
</Class>
<Class _id="id000026" name= "Lamp" isAbstract= "fal
id000011 id000013 id000017 id000019" >
<Attribute name= "ModelName" type= "String" orde
"false" registry="false" defvalue= "Default Lamp N
<Attribute name= "ArrayStr" type= "String" order
"false" registry="false" defvalue= "second;first"
<Attribute name= "ArrayInt" type= "Integer" orde
"false" registry="false" defvalue="5;4;3;2" min=
<Attribute name= "ArrayBool" type= "Boolean" ord
"false" registry= "false" defvalue= "false;true;fal
<Attribute name= "ArrayReal" type= "Real" ordere
"false" registry= "false" defvalue= "9;8;7;6" min=
<Attribute name= "TempArrayStr" type= "String" o
"true" registry="false" defvalue= "tempdef3;tempde
<Attribute name= "TempArrayInt" type= "Integer"
"true" registry= "false" defvalue="9;8;5;6" min="
<Attribute name= "TempArrayReal" type= "Real" or
"true" registry= "false" defvalue= "40;35;26;17" mi
<Attribute name= "TempArrayBoolean" type= "Boole
nonpersistent= "true" registry= "false" defvalue="
<Attribute name= "RegAttr" type= "String" ordere
"false" registry="true" min="0" max="1"/>
</Class>
<Class _id="id000027" name= "HalogenBulb" isAbstrac
</Class>
<Class _id="id000028" name= "Switch" isAbstract="f
id00002" childRoles= " id000012 id000020" >
<Attribute name= "Amps" type= "Real" ordered="f
registry= "false" min="0" max="1"/>
<Attribute name= "Safe" type= "Boolean" ordered=
"false" registry="false" min="0" max="1"/>
</Class>
<Class _id="id000029" name= "ControlLink" isAbstrac
"id00003">
<Attribute name= "name" type= "String" ordered=
registry= "false" min="0" max="1"/>
</Class>
<Class _id="id000030" name= "RootFolder" isAbstract
<Attribute name= "RegAttr" type= "String" ordere
"false" registry="true" min="0" max="1"/>
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ance"

cClass = "id000029">
"0" max= "-1" target= "id000024"/>
"0" max= "-1" target= "id000028"/>

="id000023">
="0" max="-1" target= "id000031"/>
="0" max="-1" target= "id000031"/>

se" childRoles="id000022" association =

alse" visibility= "public" nonpersistent= "false"

se" baseTypes= " id000032" subTypes= " id000027"
">

"false" visibility= "public" nonpersistent=

"false" visibility= "public" nonpersistent=

se" baseTypes= " id000032" childRoles= " id000018"

= "false" visibility= "public" nonpersistent=

se" baseTypes="id000032" parentRoles= " id00007

red= "false" visibility= "public" nonpersistent=
ame" min="1" max= "1"/>

ed= "true" visibility= "public" nonpersistent=
min="0" max="-1"/>

red="true" visibility= "public" nonpersistent=
"1" max="-1"/>

ered= "true" visibility= "public" nonpersistent=
se;true” min="0" max="-1"/>

d= "true" visibility= "public" nonpersistent=

"0" max="-1"/>

rdered= "true" visibility= "public" nonpersistent=
f2;abcdef" min="0" max="-1"/>

ordered= "true" visibility= "public" nonpersistent=
0" max="-1"/>

dered= "true" visibility= "public" nonpersistent=
n="0" max="-1"/>

an" ordered= "true" visibility= "public"
true;false;true;false" min="0" max="-1"/>

d= "false" visibility= "public" nonpersistent=

t= "false" baseTypes= " id000024" >
alse" baseTypes= " id000032" associationRoles="

alse" visibility= "public" nonpersistent= "false"

"false" visibility= "public" nonpersistent=

t= "false" childRoles="id00008" association =

"false" visibility= "public" nonpersistent= "false"

= "false" parentRoles="id00009" >
d= "false" visibility= "public" nonpersistent=



</Class>
<Class _id="id000031" name= "ElectricTerminal" isAb
id00005" childRoles= " id000016" >
<Attribute name= "Type" type= "String" ordered=
registry= "false" min="0" max="1"/>
<Attribute name= "position" type= "String" order
"false" registry= "false" min="0" max= "1"/>
</Class>
<Class _id="id000032" name= "ElectricDevice" isAbst
id000024" parentRoles= " id000015 id000021" childRo
<Attribute name= "MaxVoltageRating" type= "Real"
nonpersistent= "false" registry= "false" min="0" m
<Attribute name= "MaxTempRating" type= "Integer"
nonpersistent= "false" registry= "false" min="0" m
<Attribute name= "position" type= "String" order
"false" registry="false" min="0" max="1"/>
<Attribute name= "name" type= "String" ordered=
registry= "false" min="0" max="1"/>
</Class>
<Composition>
<CompositionChildRole _id= "id00008" min="0" ma
<CompositionParentRole _id= "id00007" target="i
</Composition>
<Composition>
<CompositionChildRole _id= "id000012" name= "Mai
<CompositionParentRole _id= "id000011" target="
</Composition>
<Composition>
<CompositionChildRole _id= "id000014" min="1"m
<CompositionParentRole _id= "id000013" target="
</Composition>
<Composition>
<CompositionChildRole _id= "id000018" min="1"m
<CompositionParentRole _id= "id000017" target="
</Composition>
<Composition>
<CompositionChildRole _id= "id000020" name= "Fun
"id000028"/>
<CompositionParentRole _id= "id000019" target="
</Composition>
<Composition>
<CompositionChildRole _id= "id000010" min="0" m
<CompositionParentRole _id= "id00009" target="i
</Composition>
<Composition>
<CompositionChildRole _id= "id000016" min="0" m
<CompositionParentRole _id= "id000015" target="
</Composition>
<Composition>
<CompositionChildRole _id= "id000022" min="0" m
<CompositionParentRole _id= "id000021" target="
</Composition>
</Diagram>
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stract= "false" associationRoles= " id00004

"false" visibility= "public" nonpersistent= "false"
ed="false" visibility= "public" nonpersistent=

ract= "true" subTypes= " id000025 id000026 id000028

les="id000010" >
ordered= "false" visibility= "public"

ax= "1"/>
ordered= "false" visibility= "public"
ax="1"/>

ed= "false" visibility= "public" nonpersistent=

"false" visibility= "public" nonpersistent= "false"

x="-1" target= "id000029"/>
d000026"/>

nSwitch" min="1" max="1" target= "id000028"/>
id000026"/>

ax="-1" target= "id000024"/>
id000026"/>

ax="1" target= "id000025"/>
id000026"/>

ctionSwitch" min="0" max="-1" target=

id000026"/>

ax="-1" target= "id000032"/>
d000030"/>

ax="-1" target= "id000031"/>
ido00032"/>

ax="-1" target= "id000023"/>
ido00032"/>



Appendix E - XSD file generated from the XML in

Appendix D (generated with Udm.exe)

<?xml version="1.0" encoding="UTF-8"?>

<?udm interface="LampDiagram" version="1.00"?>
<xsd:schema xmins:xsd="http://www.w3.0rg/2001/XMLSc
<!-- generated on Tue Feb 24 20:24:19 2004 -->

<xsd:complexType name="LampType">
<xsd:sequence>

<xsd:element name="Bulb" type="BulbType" minOccu
<xsd:element name="ControlLink" type="ControlLin
<xsd:element name="ElectricTerminal" type="Elect

maxOccurs="unbounded"/>

<xsd:element name="HalogenBulb" type="HalogenBul
<xsd:element name="Plug" type="PlugType"/>
<xsd:element name="Switch" type="SwitchType" min
<xsd:element name="Wire" type="WireType" minOccu
</xsd:sequence>

<xsd:attribute name="_id" type="xsd:ID"/>
<xsd:attribute name="ArrayStr" type="xsd:string"
<xsd:attribute name="ModelName" type="xsd:string"
<xsd:attribute name="ArrayInt" type="xsd:string"
<xsd:attribute name="ArrayBool" type="xsd:string"
<xsd:attribute name="ArrayReal" type="xsd:string"
<xsd:attribute name="RegAttr" type="xsd:string"/>
<xsd:attribute name="MaxTempRating" type="xsd:lon
<xsd:attribute name="MaxVoltageRating" type="xsd:
<xsd:attribute name="position" type="xsd:string"/
<xsd:attribute name="name" type="xsd:string"/>
<xsd:attribute name="archetype" type="xsd:IDREF"/
<xsd:attribute name="derived" type="xsd:IDREFS"/>
<xsd:attribute name="instances" type="xsd:IDREFS"
<xsd:attribute name="desynched_atts" type="xsd:st
<xsd:attribute name="real_archetype" type="xsd:bo
<xsd:attribute name="subtype" type="xsd:boolean"/
</xsd:complexType>

<xsd:complexType name="ControlLinkType">
<xsd:attribute name="_id" type="xsd:ID"/>
<xsd:attribute name="name" type="xsd:string"/>
<xsd:attribute name="dst_end_" type="xsd:IDREF"/>
<xsd:attribute name="src_end_" type="xsd:IDREF"/>
<xsd:attribute name="archetype" type="xsd:IDREF"/
<xsd:attribute name="derived" type="xsd:IDREFS"/>
<xsd:attribute name="instances" type="xsd:IDREFS"
<xsd:attribute name="desynched_atts" type="xsd:st
<xsd:attribute name="real_archetype" type="xsd:bo
<xsd:attribute name="subtype" type="xsd:boolean"/
</xsd:complexType>

<xsd:complexType name="HalogenBulbType">
<xsd:sequence>
<xsd:element name="ElectricTerminal" type="Elect

maxOccurs="unbounded"/>
<xsd:element name="Wire" type="WireType" minOccu
</xsd:sequence>

<xsd:attribute name="_id" type="xsd:ID"/>
<xsd:attribute name="MaxTempRating" type="xsd:lon
<xsd:attribute name="MaxVoltageRating" type="xsd:
<xsd:attribute name="position" type="xsd:string"/
<xsd:attribute name="name" type="xsd:string"/>
<xsd:attribute name="Wattage" type="xsd:double" u
<xsd:attribute name="Voltage" type="xsd:double"/>
<xsd:attribute name="dst" type="xsd:IDREFS"/>
<xsd:attribute name="archetype" type="xsd:IDREF"/
<xsd:attribute name="derived" type="xsd:IDREFS"/>
<xsd:attribute name="instances" type="xsd:IDREFS"
<xsd:attribute name="desynched_atts" type="xsd:st
<xsd:attribute name="real_archetype" type="xsd:bo
<xsd:attribute name="subtype" type="xsd:boolean"/
</xsd:complexType>

<xsd:complexType name="ElectricTerminalType">
<xsd:attribute name="_id" type="xsd:ID"/>
<xsd:attribute name="position" type="xsd:string"/
<xsd:attribute name="Type" type="xsd:string"/>
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hema">

rs="0" maxOccurs="unbounded"/>

kType" minOccurs="0" maxOccurs="unbounded"/>

ricTerminalType" minOccurs="0"

bType" minOccurs="0" maxOccurs="unbounded"/>

Occurs="0" maxOccurs="unbounded"/>

rs="0" maxOccurs="unbounded"/>

default="second;first;"/>
default="Default Lamp Name"/>
default="5;4;3;2;"/>
default="false;true;false;true;"/>
default="9;8;7;6;"/>

g"/>
double"/>
>

>

/>
ring"/>
olean"/>
>

>

/>
ring"/>
olean"/>
>

ricTerminalType" minOccurs="0"
rs="0" maxOccurs="unbounded"/>
g'>

double"/>

>

se="required"/>

>

/>
ring"/>
olean"/>
>



<xsd:attribute name="End2" type="xsd:IDREFS"/>
<xsd:attribute name="End1" type="xsd:IDREFS"/>
<xsd:attribute name="archetype" type="xsd:IDREF"/
<xsd:attribute name="derived" type="xsd:IDREFS"/>
<xsd:attribute name="instances" type="xsd:IDREFS"
<xsd:attribute name="desynched_atts" type="xsd:st
<xsd:attribute name="real_archetype" type="xsd:bo
<xsd:attribute name="subtype" type="xsd:boolean"/
</xsd:complexType>

<xsd:complexType name="RootFolderType">
<xsd:sequence>
<xsd:element name="Bulb" type="BulbType" minOccu
<xsd:element name="HalogenBulb" type="HalogenBul

<xsd:element name="Lamp" type="LampType" minOccu

<xsd:element name="Plug" type="PlugType" minOccu
<xsd:element name="Switch" type="SwitchType" min
</xsd:sequence>

<xsd:attribute name="_id" type="xsd:ID"/>
<xsd:attribute name="RegAttr" type="xsd:string"/>
<xsd:attribute name="archetype" type="xsd:IDREF"/
<xsd:attribute name="derived" type="xsd:IDREFS"/>
<xsd:attribute name="instances" type="xsd:IDREFS"
<xsd:attribute name="desynched_atts" type="xsd:st
<xsd:attribute name="real_archetype" type="xsd:bo
<xsd:attribute name="subtype" type="xsd:boolean"/
</xsd:complexType>

<xsd:complexType name="WireType">

<xsd:attribute name="_id" type="xsd:ID"/>
<xsd:attribute name="Amps" type="xsd:double"/>
<xsd:attribute name="End2_end_" type="xsd:IDREF"/
<xsd:attribute name="End1_end_" type="xsd:IDREF"/
<xsd:attribute name="archetype" type="xsd:IDREF"/
<xsd:attribute name="derived" type="xsd:IDREFS"/>
<xsd:attribute name="instances" type="xsd:IDREFS"
<xsd:attribute name="desynched_atts" type="xsd:st
<xsd:attribute name="real_archetype" type="xsd:bo
<xsd:attribute name="subtype" type="xsd:boolean"/
</xsd:complexType>

<xsd:complexType name="SwitchType">
<xsd:sequence>
<xsd:element name="ElectricTerminal" type="Elect
maxOccurs="unbounded"/>

<xsd:element name="Wire" type="WireType" minOccu

</xsd:sequence>
<xsd:attribute name="_id" type="xsd:ID"/>
<xsd:attribute name="__child_as">
<xsd:simpleType>
<xsd:restriction base="xsd:string">
<xsd:enumeration value="ElectricDevice"/>
<xsd:enumeration value="MainSwitch"/>
<xsd:enumeration value="FunctionSwitch"/>
</xsd:restriction>
</xsd:simpleType>
</xsd:attribute>
<xsd:attribute name="MaxTempRating" type="xsd:lon
<xsd:attribute name="MaxVoltageRating" type="xsd:
<xsd:attribute name="position" type="xsd:string"/
<xsd:attribute name="name" type="xsd:string"/>
<xsd:attribute name="Safe" type="xsd:boolean"/>
<xsd:attribute name="Amps" type="xsd:double"/>
<xsd:attribute name="src" type="xsd:IDREFS"/>
<xsd:attribute name="archetype" type="xsd:IDREF"/
<xsd:attribute name="derived" type="xsd:IDREFS"/>
<xsd:attribute name="instances" type="xsd:IDREFS"
<xsd:attribute name="desynched_atts" type="xsd:st
<xsd:attribute name="real_archetype" type="xsd:bo
<xsd:attribute name="subtype" type="xsd:boolean"/
</xsd:complexType>

<xsd:complexType name="BulbType">
<xsd:sequence>
<xsd:element name="ElectricTerminal" type="Elect
maxOccurs="unbounded"/>

<xsd:element name="Wire" type="WireType" minOccu

</xsd:sequence>
<xsd:attribute name="_id" type="xsd:ID"/>
<xsd:attribute name="MaxTempRating" type="xsd:lon
<xsd:attribute name="MaxVoltageRating" type="xsd:
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<xsd:attribute name="position" type="xsd:string"/
<xsd:attribute name="name" type="xsd:string"/>
<xsd:attribute name="Wattage" type="xsd:double" u
<xsd:attribute name="Voltage" type="xsd:double"/>
<xsd:attribute name="dst" type="xsd:IDREFS"/>
<xsd:attribute name="archetype" type="xsd:IDREF"/
<xsd:attribute name="derived" type="xsd:IDREFS"/>
<xsd:attribute name="instances" type="xsd:IDREFS"
<xsd:attribute name="desynched_atts" type="xsd:st
<xsd:attribute name="real_archetype" type="xsd:bo
<xsd:attribute name="subtype" type="xsd:boolean"/
</xsd:complexType>

<xsd:complexType name="PlugType">
<xsd:sequence>
<xsd:element name="ElectricTerminal" type="Elect

maxOccurs="unbounded"/>
<xsd:element name="Wire" type="WireType" minOccu
</xsd:sequence>

<xsd:attribute name="_id" type="xsd:ID"/>
<xsd:attribute name="MaxTempRating" type="xsd:lon
<xsd:attribute name="MaxVoltageRating" type="xsd:
<xsd:attribute name="position" type="xsd:string"/
<xsd:attribute name="name" type="xsd:string"/>
<xsd:attribute name="Format" type="xsd:string"/>
<xsd:attribute name="archetype" type="xsd:IDREF"/
<xsd:attribute name="derived" type="xsd:IDREFS"/>
<xsd:attribute name="instances" type="xsd:IDREFS"
<xsd:attribute name="desynched_atts" type="xsd:st
<xsd:attribute name="real_archetype" type="xsd:bo
<xsd:attribute name="subtype" type="xsd:boolean"/
</xsd:complexType>

<xsd:element name="RootFolder" type="RootFolderTyp

</xsd:schema>
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Appendix F. - .H file generated from the XML in
Appendix D. (generated with Udm.exe)

#ifndef MOBIES_LAMPDIAGRAM_H
#define MOBIES_LAMPDIAGRAM_H

/I header file LampDiagram.h generated from diagram LampDiagram

/I generated on Tue Feb 24 20:24:19 2004

#ifndef MOBIES_UDMBASE_H
#include "UdmBase.h"
#endif

namespace LampDiagram {
typedef Udm::Object Object;

class Lamp;

class ControlLink;
class HalogenBulb;
class ElectricTerminal;
class RootFolder;
class ElectricDevice;
class Wire;

class Switch;

class Bulb;

class Plug;

class Visitor

{

public:
virtual void Visit_Lamp(const Lamp&){};
virtual void Visit_ControlLink(const ControlLink&
virtual void Visit_HalogenBulb(const HalogenBulb&
virtual void Visit_ElectricTerminal(const Electri
virtual void Visit_RootFolder(const RootFolder&){
virtual void Visit_Wire(const Wire&){};
virtual void Visit_Switch(const Switch&){};
virtual void Visit_Bulb(const Bulb&){};
virtual void Visit_Plug(const Plug&){};
virtual void Visit_Object(const Udm::Object&){};

k

void Initialize();
extern Udm::UdmDiagram diagram;

class ControlLink : public Object {
public:
static Uml::Class meta;

ControlLink() { }

ControlLink(Udm::Objectimpl *impl) : Object(impl)
ControlLink(const ControlLink &master) : Object(m
static ControlLink Cast(const Object &a) { return

static ControlLink Create(const Object &parent, ¢

= Udm::NULLCHILDROLE) { return __Create(meta, paren t, role); }

ControlLink Createlnstance(const Object &parent,

&role = Udm::NULLCHILDROLE) { return __Create(meta, parent, role, impl); }

ControlLink CreateDerived(const Object &parent, ¢

= Udm::NULLCHILDROLE) { return __Create(meta, paren t, role, impl, true); }

Udm::InstantiatedAttr<ControlLink> Instances() {
Udm::InstantiatedAttr<LampDiagram::ControlLink>(imp 1);}

Udm::DerivedAttr<LampDiagram::ControlLink> Derive
Udm::DerivedAttr<LampDiagram::ControlLink>(impl);}

Udm::ArchetypeAttr<LampDiagram::ControlLink> Arch
Udm::ArchetypeAttr<LampDiagram::ControlLink>(impl); }

static Uml::Attribute meta_name;
Udm::StringAttr name() const { return Udm::String

static Uml::CompositionParentRole meta_Lamp_paren
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Udm::ParentAttr<LampDiagram::Lamp> Lamp_parent() const { return

Udm::ParentAttr<LampDiagram::Lamp>(impl, meta_Lamp_ parent); }
Udm::ParentAttr<LampDiagram::ElectricDevice> pare nt() const { return
Udm::ParentAttr<LampDiagram::ElectricDevice>(impl, Udm::NULLPARENTROLE); }
static Uml::AssociationRole meta_dst_end_;
Udm::AssocEndAttr<LampDiagram::Switch> dst_end() const { return
Udm::AssocEndAttr<LampDiagram::Switch>(impl, meta_d st_end_); }
static Uml::AssociationRole meta_src_end_;
Udm::AssocEndAttr<LampDiagram::Bulb> src_end() co nst { return
Udm::AssocEndAttr<LampDiagram::Bulb>(impl, meta_src _end));}
virtual void Accept(Visitor &v){v.Visit_ControlLi nk(*this);};
k
class ElectricTerminal : public Object {
public:
static Uml::Class meta;
ElectricTerminal() { }
ElectricTerminal(Udm::Objectimpl *impl) : Object( impl) {}
ElectricTerminal(const ElectricTerminal &master) : Object(master) { }
static ElectricTerminal Cast(const Object &a) {r eturn __Cast(a, meta); }
static ElectricTerminal Create(const Object &pare nt, const Uml::CompositionChildRole
&role = Udm::NULLCHILDROLE) { return __Create(meta, parent, role); }
ElectricTerminal Createlnstance(const Object &par ent, const Uml::CompositionChildRole
&role = Udm::NULLCHILDROLE) { return __Create(meta, parent, role, impl); }
ElectricTerminal CreateDerived(const Object &pare nt, const Uml::CompositionChildRole
&role = Udm::NULLCHILDROLE) { return __Create(meta, parent, role, impl, true); }
Udm::InstantiatedAttr<ElectricTerminal> Instances () { return
Udm::InstantiatedAttr<LampDiagram::ElectricTerminal >(impl);}
Udm::DerivedAttr<LampDiagram::ElectricTerminal> D erived() { return
Udm::DerivedAttr<LampDiagram::ElectricTerminal>(imp 1);}
Udm::ArchetypeAttr<LampDiagram::ElectricTerminal> Archetype() { return
Udm::ArchetypeAttr<LampDiagram::ElectricTerminal>(i mpl);}
static Uml::Attribute meta_position;
Udm::StringAttr position() const { return Udm::St ringAttr(impl, meta_position); }
static Uml::Attribute meta_Type;
Udm::StringAttr Type() const { return Udm::String Attr(impl, meta_Type); }
static Uml::AssociationRole meta_End1, meta_End1_ rev;
Udm::AClassAssocAttr<LampDiagram::Wire, LampDiagr am::ElectricTerminal> End1() const {
return Udm::AClassAssocAttr<LampDiagram::Wire, Lamp Diagram::ElectricTerminal>(impl, meta_End1,
meta_End1_rev); }
static Uml::AssociationRole meta_End2, meta_End2_ rev;
Udm::AClassAssocAttr<LampDiagram::Wire, LampDiagr am::ElectricTerminal> End2() const {
return Udm::AClassAssocAttr<LampDiagram::Wire, Lamp Diagram::ElectricTerminal>(impl, meta_End2,
meta_End2_rev); }
static Uml::CompositionParentRole meta_ElectricDe vice_parent;
Udm::ParentAttr<LampDiagram::ElectricDevice> Elec tricDevice_parent() const { return
Udm::ParentAttr<LampDiagram::ElectricDevice>(impl, meta_ElectricDevice_parent); }
Udm::ParentAttr<LampDiagram::ElectricDevice> pare nt() const { return
Udm::ParentAttr<LampDiagram::ElectricDevice>(impl, Udm::NULLPARENTROLE); }
virtual void Accept(Visitor &v){v.Visit_ElectricT erminal(*this);};
k
class RootFolder : public Object {
public:
static Uml::Class meta;
RootFolder() { }
RootFolder(Udm::Objectimpl *impl) : Object(impl) {}
RootFolder(const RootFolder &master) : Object(mas ter) { }
static RootFolder Cast(const Object &a) { return __Cast(a, meta); }
static RootFolder Create(const Object &parent, co nst Uml::CompositionChildRole &role
= Udm::NULLCHILDROLE) { return __Create(meta, paren t, role); }
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RootFolder Createlnstance(const Object &parent, ¢
= Udm::NULLCHILDROLE) { return __Create(meta, paren t, role, impl); }

RootFolder CreateDerived(const Object &parent, co
= Udm::NULLCHILDROLE) { return __Create(meta, paren t, role, impl, true); }

Udm::InstantiatedAttr<RootFolder> Instances() { r
Udm::InstantiatedAttr<LampDiagram::RootFolder>(impl )i}

Udm::DerivedAttr<LampDiagram::RootFolder> Derived
Udm::DerivedAttr<LampDiagram::RootFolder>(impl);}

Udm::ArchetypeAttr<LampDiagram::RootFolder> Arche
Udm::ArchetypeAttr<LampDiagram::RootFolder>(impl);}

static Uml::Attribute meta_RegAttr;
Udm::StringAttr RegAttr() const { return Udm::Str

static Uml::CompositionChildRole meta_ElectricDev
Udm::ChildrenAttr<LampDiagram::ElectricDevice> El
return Udm::ChildrenAttr<LampDiagram::ElectricDevic

Udm::ChildrenAttr<LampDiagram::Lamp> Lamp_kind_ch
Udm::ChildrenAttr<LampDiagram::Lamp>(impl, Udm::NUL LCHILDROLE); }

Udm::ChildrenAttr<LampDiagram::HalogenBulb> Halog
return Udm::ChildrenAttr<LampDiagram::HalogenBulb>(

Udm::ChildrenAttr<LampDiagram::ElectricDevice> El
return Udm::ChildrenAttr<LampDiagram::ElectricDevic

Udm::ChildrenAttr<LampDiagram::Switch> Switch_kin
Udm::ChildrenAttr<LampDiagram::Switch>(impl, Udm::N

Udm::ChildrenAttr<LampDiagram::Bulb> Bulb_kind_ch
Udm::ChildrenAttr<LampDiagram::Bulb>(impl, Udm::NUL LCHILDROLE); }

Udm::ChildrenAttr<LampDiagram::Plug> Plug_kind_ch
Udm::ChildrenAttr<LampDiagram::Plug>(impl, Udm::NUL LCHILDROLE); }

Udm::ParentAttr<Udm::Object> parent() const { ret
Udm::ParentAttr<Udm::Object>(impl, Udm::NULLPARENTR OLE); }
virtual void Accept(Visitor &v){v.Visit_RootFolde
k

class ElectricDevice : public Object {
public:
static Uml::Class meta;

ElectricDevice() { }
ElectricDevice(Udm::Objectimpl *impl) : Object(im
ElectricDevice(const ElectricDevice &master) : Ob
static ElectricDevice Cast(const Object &a) { ret

static ElectricDevice Create(const Object &parent
&role = Udm::NULLCHILDROLE) { return __Create(meta, parent, role); }

ElectricDevice Createlnstance(const Object &paren
&role = Udm::NULLCHILDROLE) { return __Create(meta,

ElectricDevice CreateDerived(const Object &parent
&role = Udm::NULLCHILDROLE) { return __Create(meta,

Udm::InstantiatedAttr<ElectricDevice> Instances()
Udm::InstantiatedAttr<LampDiagram::ElectricDevice>( impl);}

Udm::DerivedAttr<LampDiagram::ElectricDevice> Der
Udm::DerivedAttr<LampDiagram::ElectricDevice>(impl) i}

Udm::ArchetypeAttr<LampDiagram::ElectricDevice> A
Udm::ArchetypeAttr<LampDiagram::ElectricDevice>(imp 1);}

static Uml::Attribute meta_MaxTempRating;

Udm::IntegerAttr MaxTempRating() const { return U
meta_MaxTempRating); }

static Uml::Attribute meta_MaxVoltageRating;

Udm::RealAttr MaxVoltageRating() const { return U
meta_MaxVoltageRating); }

static Uml::Attribute meta_position;
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e>(impl, meta_ElectricDevice_children); }

ildren() const { return

enBulb_kind_children() const {
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ject(master) {}
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Udm::StringAttr position() const { return Udm::St ringAttr(impl, meta_position); }

static Uml::Attribute meta_name;

Udm::StringAttr name() const { return Udm::String Attr(impl, meta_name); }
static Uml::CompositionChildRole meta_ElectricTer minal_children;
Udm::ChildrenAttr<LampDiagram::ElectricTerminal> ElectricTerminal_children() const {
return Udm::ChildrenAttr<LampDiagram::ElectricTermi nal>(impl, meta_ElectricTerminal_children); }
static Uml::CompositionChildRole meta_Wire_childr en;
Udm::ChildrenAttr<LampDiagram::Wire> Wire_childre n() const { return
Udm::ChildrenAttr<LampDiagram::Wire>(impl, meta_Wir e_children); }
Udm::ChildrenAttr<LampDiagram::ElectricTerminal> ElectricTerminal_kind_children()
const { return Udm::ChildrenAttr<LampDiagram::Elect ricTerminal>(impl, Udm::NULLCHILDROLE); }
Udm::ChildrenAttr<LampDiagram::Wire> Wire_kind_ch ildren() const { return
Udm::ChildrenAttr<LampDiagram::Wire>(impl, Udm::NUL LCHILDROLE); }
static Uml::CompositionParentRole meta_RootFolder _parent;
Udm::ParentAttr<LampDiagram::RootFolder> RootFold er_parent() const { return
Udm::ParentAttr<LampDiagram::RootFolder>(impl, meta _RootFolder_parent); }
Udm::ParentAttr<LampDiagram::RootFolder> parent() const { return
Udm::ParentAttr<LampDiagram::RootFolder>(impl, Udm: :NULLPARENTROLE); }
b
class Lamp : public ElectricDevice {
public:
static Uml::Class meta;
Lamp() {}
Lamp(Udm::Objectimpl *impl) : ElectricDevice(impl ){}
Lamp(const Lamp &master) : ElectricDevice(master) {}
static Lamp Cast(const Object &a) { return __Cast (a, meta); }
static Lamp Create(const Object &parent, const Um I::CompositionChildRole &role =
Udm::NULLCHILDROLE) { return __Create(meta, parent, role); }
Lamp Createlnstance(const Object &parent, const U ml::CompositionChildRole &role =
Udm::NULLCHILDROLE) { return __Create(meta, parent, role, impl); }
Lamp CreateDerived(const Object &parent, const Um I::CompositionChildRole &role =
Udm::NULLCHILDROLE) { return __Create(meta, parent, role, impl, true); }

Udm::InstantiatedAttr<Lamp> Instances() { return
Udm::InstantiatedAttr<LampDiagram::Lamp>(impl);}

Udm::DerivedAttr<LampDiagram::Lamp> Derived() { r eturn
Udm::DerivedAttr<LampDiagram::Lamp>(impl);}

Udm::ArchetypeAttr<LampDiagram::Lamp> Archetype() {return
Udm::ArchetypeAttr<LampDiagram::Lamp>(impl);}

static Uml::Attribute meta_ArrayStr;
Udm::StringAttrArr ArrayStr() const { return Udm: :StringAttrArr(impl, meta_ArrayStr);

static Uml::Attribute meta_ModelName;
Udm::StringAttr ModelName() const { return Udm::S tringAttr(impl, meta_ModelName); }

static Uml::Attribute meta_ArraylInt;
Udm::IntegerAttrArr ArrayInt() const { return Udm :IntegerAttrArr(impl,
meta_Arraylnt); }

static Uml::Attribute meta_ArrayBool;
Udm::BooleanAttrArr ArrayBool() const { return Ud m::BooleanAttrArr(impl,
meta_ArrayBool); }

static Uml::Attribute meta_ArrayReal;
Udm::RealAttrArr ArrayReal() const { return Udm:: RealAttrArr(impl, meta_ArrayReal); }

static Uml::Attribute meta_TempArrayStr;

Udm::TempStringAttrArr TempArrayStr() const { ret urn Udm::TempStringAttrArr(impl,
meta_TempArrayStr); }

static Uml::Attribute meta_TempArraylnt;

Udm::TemplntegerAttrArr TempArrayint() const { re turn Udm::TemplntegerAttrArr(impl,
meta_TempArrayint); }

static Uml::Attribute meta_TempArrayReal;
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Udm::TempRealAttrArr TempArrayReal() const { retu m Udm:: TempRealAttrArr(impl,
meta_TempArrayReal); }

static Uml::Attribute meta_TempArrayBoolean;

Udm::TempBooleanAttrArr TempArrayBoolean() const {return
Udm::TempBooleanAttrArr(impl, meta_TempArrayBoolean )}
static Uml::Attribute meta_RegAttr;
Udm::StringAttr RegAttr() const { return Udm::Str ingAttr(impl, meta_RegAttr); }
static Uml::CompositionChildRole meta_Bulb_childr en;
Udm::ChildrenAttr<LampDiagram::Bulb> Bulb_childre n() const { return
Udm::ChildrenAttr<LampDiagram::Bulb>(impl, meta_Bul b_children); }
static Uml::CompositionChildRole meta_FunctionSwi tch;
Udm::ChildrenAttr<LampDiagram::Switch> FunctionSw itch() const { return
Udm::ChildrenAttr<LampDiagram::Switch>(impl, meta_F unctionSwitch); }
static Uml::CompositionChildRole meta_ControlLink _children;
Udm::ChildrenAttr<LampDiagram::ControlLink> Contr olLink_children() const { return
Udm::ChildrenAttr<LampDiagram::ControlLink>(impl, m eta_ControlLink_children); }
static Uml::CompositionChildRole meta_Plug_child;
Udm::ChildAttr<LampDiagram::Plug> Plug_child() co nst { return
Udm::ChildAttr<LampDiagram::Plug>(impl, meta_Plug_c hild); }
static Uml::CompositionChildRole meta_MainSwitch;
Udm::ChildAttr<LampDiagram::Switch> MainSwitch() const { return
Udm::ChildAttr<LampDiagram::Switch>(impl, meta_Main Switch); }
Udm::ChildrenAttr<LampDiagram::ControlLink> Contr olLink_kind_children() const {
return Udm::ChildrenAttr<LampDiagram::ControlLink>( impl, Udm::NULLCHILDROLE); }
Udm::ChildrenAttr<LampDiagram::HalogenBulb> Halog enBulb_kind_children() const {
return Udm::ChildrenAttr<LampDiagram::HalogenBulb>( impl, Udm::NULLCHILDROLE); }
Udm::ChildrenAttr<LampDiagram::ElectricDevice> EI ectricDevice_kind_children() const {
return Udm::ChildrenAttr<LampDiagram::ElectricDevic e>(impl, Udm::NULLCHILDROLE); }
Udm::ChildrenAttr<LampDiagram::Switch> Switch_kin d_children() const { return
Udm::ChildrenAttr<LampDiagram::Switch>(impl, Udm::N ULLCHILDROLE); }
Udm::ChildrenAttr<LampDiagram::Bulb> Bulb_kind_ch ildren() const { return
Udm::ChildrenAttr<LampDiagram::Bulb>(impl, Udm::NUL LCHILDROLE); }
Udm::ChildrenAttr<LampDiagram::Plug> Plug_kind_ch ildren() const { return
Udm::ChildrenAttr<LampDiagram::Plug>(impl, Udm::NUL LCHILDROLE); }
Udm::ParentAttr<LampDiagram::RootFolder> parent() const { return
Udm::ParentAttr<LampDiagram::RootFolder>(impl, Udm: :NULLPARENTROLE); }
virtual void Accept(Visitor &v){v.Visit_Lamp(*thi s)k
b
class Wire : public Object {
public:
static Uml::Class meta;
Wire() {}
Wire(Udm::Objectimpl *impl) : Object(impl) { }
Wire(const Wire &master) : Object(master) { }
static Wire Cast(const Object &a) { return __Cast (a, meta); }
static Wire Create(const Object &parent, const Um I::CompositionChildRole &role =
Udm::NULLCHILDROLE) { return __Create(meta, parent, role); }
Wire Createlnstance(const Object &parent, const U ml::CompositionChildRole &role =
Udm::NULLCHILDROLE) { return __Create(meta, parent, role, impl); }
Wire CreateDerived(const Object &parent, const Um I::CompositionChildRole &role =
Udm::NULLCHILDROLE) { return __Create(meta, parent, role, impl, true); }

Udm::InstantiatedAttr<Wire> Instances() { return
Udm::InstantiatedAttr<LampDiagram::Wire>(impl);}

Udm::DerivedAttr<LampDiagram::Wire> Derived() { r eturn
Udm::DerivedAttr<LampDiagram::Wire>(impl);}

Udm::ArchetypeAttr<LampDiagram::Wire> Archetype() {return
Udm::ArchetypeAttr<LampDiagram::Wire>(impl);}

static Uml::Attribute meta_Amps;
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Udm::RealAttr Amps() const { return Udm::RealAttr

static Uml::CompositionParentRole meta_ElectricDe
Udm::ParentAttr<LampDiagram::ElectricDevice> Elec
Udm::ParentAttr<LampDiagram::ElectricDevice>(impl,
Udm::ParentAttr<LampDiagram::ElectricDevice> pare
ParentAttr<LampDiagram::ElectricDevice>(impl,
static Uml::AssociationRole meta_End2_end_;
Udm::AssocEndAttr<LampDiagram::ElectricTerminal>
:AssocEndAttr<LampDiagram::ElectricTerminal>(im

udm::

Uudm:

static Uml::AssociationRole meta_End1_end_;
Udm::AssocEndAttr<LampDiagram::ElectricTerminal>
Udm::AssocEndAttr<LampDiagram::ElectricTerminal>(im
virtual void Accept(Visitor &v){v.Visit_Wire(*thi
k

class Switch : public ElectricDevice {
public:
static Uml::Class meta;

Switch() { }

Switch(Udm::Objectimpl *impl) : ElectricDevice(im
Switch(const Switch &master) : ElectricDevice(mas
static Switch Cast(const Object &a) { return __Ca

static Switch Create(const Object &parent, const

Udm::NULLCHILDROLE) { return __Create(meta, parent, role); }

Switch Createlnstance(const Object &parent, const
Udm::NULLCHILDROLE) { return __Create(meta, parent, role, impl); }

Switch CreateDerived(const Object &parent, const
Udm::NULLCHILDROLE) { return __Create(meta, parent, role, impl, true); }

Udm::InstantiatedAttr<Switch> Instances() { retur
Udm::InstantiatedAttr<LampDiagram::Switch>(impl);}

Udm::DerivedAttr<LampDiagram::Switch> Derived() {
Udm::DerivedAttr<LampDiagram::Switch>(impl);}

Udm::ArchetypeAttr<LampDiagram::Switch> Archetype
Udm::ArchetypeAttr<LampDiagram::Switch>(impl);}

static Uml::Attribute meta_Safe;

Udm::BooleanAttr Safe() const { return Udm::Boole

static Uml::Attribute meta_Amps;
Udm::RealAttr Amps() const { return Udm::RealAttr

static Uml::AssociationRole meta_src, meta_src_re

Udm::AClassAssocAttr<LampDiagram::ControlLink, La
return Udm::AClassAssocAttr<LampDiagram::ControlLin
meta_src_rev); }

static Uml::CompositionParentRole meta_MainSwitch
Udm::ParentAttr<LampDiagram::Lamp> MainSwitch_Lam
Udm::ParentAttr<LampDiagram::Lamp>(impl, meta_MainS

static Uml::CompositionParentRole meta_FunctionSw
Udm::ParentAttr<LampDiagram::Lamp> FunctionSwitch
Udm::ParentAttr<LampDiagram::Lamp>(impl, meta_Funct

Udm::ParentAttr<Udm::Object> parent() const { ret
Udm::ParentAttr<Udm::Object>(impl, Udm::NULLPARENTR OLE); }
virtual void Accept(Visitor &v){v.Visit_Switch(*t
k

class Bulb : public ElectricDevice {
public:
static Uml::Class meta;

Bulb() {}

Bulb(Udm::Objectimpl *impl) : ElectricDevice(impl
Bulb(const Bulb &master) : ElectricDevice(master)
static Bulb Cast(const Object &a) { return __Cast

static Bulb Create(const Object &parent, const Um
Udm::NULLCHILDROLE) { return __Create(meta, parent, role); }
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vice_parent;
tricDevice_parent() const { return

meta_ElectricDevice_parent); }

nt() const { return

Udm::NULLPARENTROLE); }

End2_end() const { return

pl, meta_End2_end_); }

End1_end() const { return

pl, meta_End1_end_); }

sk

ph {}

te) {}

st(a, meta); }
Uml::CompositionChildRole &role =

Uml::CompositionChildRole &role =

Uml::CompositionChildRole &role =

return

() {return

anAttr(impl, meta_Safe); }

(impl, meta_Amps); }

\A
mpDiagram::Bulb> src() const {

k, LampDiagram::Bulb>(impl, meta_src,

_Lamp_parent;
p_parent() const { return

witch_Lamp_parent); }

itch_Lamp_parent;
_Lamp_parent() const { return

ionSwitch_Lamp_parent); }

urn

his)’};

){}
{}

(a, meta); }

I::CompositionChildRole &role =



Bulb Createlnstance(const Object &parent, const U
Udm::NULLCHILDROLE) { return __Create(meta, parent, role, impl); }

Bulb CreateDerived(const Object &parent, const Um
Udm::NULLCHILDROLE) { return __Create(meta, parent, role, impl, true); }

Udm::InstantiatedAttr<Bulb> Instances() { return
Udm::InstantiatedAttr<LampDiagram::Bulb>(impl);}

Udm::DerivedAttr<LampDiagram::Bulb> Derived() { r
Udm::DerivedAttr<LampDiagram::Bulb>(impl);}

Udm::ArchetypeAttr<LampDiagram::Bulb> Archetype()
Udm::ArchetypeAttr<LampDiagram::Bulb>(impl);}

static Uml::Attribute meta_Wattage;
Udm::RealAttr Wattage() const { return Udm::RealA

static Uml::Attribute meta_Voltage;
Udm::RealAttr Voltage() const { return Udm::RealA

static Uml::AssociationRole meta_dst, meta_dst_re

Udm::AClassAssocAttr<LampDiagram::ControlLink, La
return Udm::AClassAssocAttr<LampDiagram::ControlLin
meta_dst_rev); }

static Uml::CompositionParentRole meta_Lamp_paren
Udm::ParentAttr<LampDiagram::Lamp> Lamp_parent()
Udm::ParentAttr<LampDiagram::Lamp>(impl, meta_Lamp_ parent); }

Udm::ParentAttr<Udm::Object> parent() const { ret
Udm::ParentAttr<Udm::Object>(impl, Udm::NULLPARENTR OLE); }
virtual void Accept(Visitor &v){v.Visit_Bulb(*thi
k

class HalogenBulb : public Bulb {
public:
static Uml::Class meta;

HalogenBulb() { }

HalogenBulb(Udm::Objectimpl *impl) : Bulb(impl) {
HalogenBulb(const HalogenBulb &master) : Bulb(mas
static HalogenBulb Cast(const Object &a) { return

static HalogenBulb Create(const Object &parent, ¢
= Udm::NULLCHILDROLE) { return __Create(meta, paren t, role); }

HalogenBulb Createlnstance(const Object &parent,
&role = Udm::NULLCHILDROLE) { return __Create(meta,

HalogenBulb CreateDerived(const Object &parent, ¢
= Udm::NULLCHILDROLE) { return __Create(meta, paren t, role, impl, true); }

Udm::InstantiatedAttr<HalogenBulb> Instances() {
Udm::InstantiatedAttr<LampDiagram::HalogenBulb>(imp ;

Udm::DerivedAttr<LampDiagram::HalogenBulb> Derive
Udm::DerivedAttr<LampDiagram::HalogenBulb>(impl);}

Udm::ArchetypeAttr<LampDiagram::HalogenBulb> Arch
Udm::ArchetypeAttr<LampDiagram::HalogenBulb>(impl); }

Udm::ParentAttr<Udm::Object> parent() const { ret
Udm::ParentAttr<Udm::Object>(impl, Udm::NULLPARENTR OLE); }
virtual void Accept(Visitor &v){v.Visit_HalogenBu
k

class Plug : public ElectricDevice {
public:
static Uml::Class meta;

Plug() { }

Plug(Udm::Objectimpl *impl) : ElectricDevice(impl
Plug(const Plug &master) : ElectricDevice(master)
static Plug Cast(const Object &a) { return __Cast

static Plug Create(const Object &parent, const Um
Udm::NULLCHILDROLE) { return __Create(meta, parent, role); }
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parent, role, impl); }

ml::CompositionChildRole &role =

I::CompositionChildRole &role =

eturn

{ return

ttr(impl, meta_Wattage); }

ttr(impl, meta_Voltage); }

\A
mpDiagram::Switch> dst() const {

k, LampDiagram::Switch>(impl, meta_dst,

t
const { return

}

ter) {}

__Cast(a, meta); }

onst Uml::CompositionChildRole &role
const Uml::CompositionChildRole
onst Uml::CompositionChildRole &role
return

d() { return

etype() { return

urn

Ib(*this);};

){}
{}

(a, meta); }

I::CompositionChildRole &role =



Plug Createlnstance(const Object &parent, const U ml::CompositionChildRole &role =

Udm::NULLCHILDROLE) { return __Create(meta, parent, role, impl); }
Plug CreateDerived(const Object &parent, const Um I::CompositionChildRole &role =
Udm::NULLCHILDROLE) { return __Create(meta, parent, role, impl, true); }

Udm::InstantiatedAttr<Plug> Instances() { return
Udm::InstantiatedAttr<LampDiagram::Plug>(impl);}

Udm::DerivedAttr<LampDiagram::Plug> Derived() { r eturn
Udm::DerivedAttr<LampDiagram::Plug>(impl);}

Udm::ArchetypeAttr<LampDiagram::Plug> Archetype() {return
Udm::ArchetypeAttr<LampDiagram::Plug>(impl);}

static Uml::Attribute meta_Format;

Udm::StringAttr Format() const { return Udm::Stri ngAttr(impl, meta_Format); }

static Uml::CompositionParentRole meta_Lamp_paren t;

Udm::ParentAttr<LampDiagram::Lamp> Lamp_parent() const { return
Udm::ParentAttr<LampDiagram::Lamp>(impl, meta_Lamp_ parent); }

Udm::ParentAttr<Udm::Object> parent() const { ret urn
Udm::ParentAttr<Udm::Object>(impl, Udm::NULLPARENTR OLE); }

virtual void Accept(Visitor &v){v.Visit_Plug(*thi s)k

k
}
#endif //MOBIES_LAMPDIAGRAM_H
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Appemdix G. - Sample UDM-based program

/I CreateLampModel.cpp : Create and test UDM data
I

#include "LampDiagram.h”
#ifdef _WIN32
UDM_USE_MGA

#endif

UDM_USE_DOM

#include <Uml.h>
#include <UdmStatic.h>
#include <UmIExt.h>
#include <UdmBase.h>
#include <Udmint.h>
#include <cint_string.h>
#include <UdmCint.h>
using namespace LampDiagram;

void myDisplay(char *msg)

fprintf(stdout,"myDisplay: %s",msg);

#define CLINE "-Ic:\\EiC\\include -D_EiC"

int main_regtest(int argc, char *argv[])

/*

* Test code for interpreted UDM (Cint and Eic).

* The only argument is the name of the file, which will be used to create

* the DataNetwork.

*

*

if(argc < 2)

{
cout << "Usage: CreateLampModel <UdmBackEnd file (lamp to be created in)>\n";
return -1;

}

try

Udm::SmartDataNetwork nw(diagram);

nw.CreateNew(argv[1],"LampDiagram”, RootFolder::m eta);

{
RootFolder rrr = RootFolder::Cast(nw.GetRootObje ct());

Lamp lamp = Lamp::Create(rrr);
lamp.name() = "Host Lamp *;
lamp.ModelName() = "Segeunce tester lamp";

unsigned long dn_id = lamp.__impl()->__getdn()-> uniqueld();
unsigned long o_id = lamp.uniqueld();

Bulb bulb = Bulb::Create(lamp);

bulb.Wattage() = 10;
bulb.Voltage() = 20;

/Ishould be empty string
cout << (string) lamp.RegAttr() << endl;

rrr.RegAttr() = "regHello!";
lamp.RegAttr() = "lampreg!";

/lunsigned long bo_id = bulb.uniqueld();

cout << (string) rrr.RegAttr() << endl,
cout << (string) lamp.RegAttr() << endl;
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/*
/IEIC Test code

dn_id, o_id);

o_id);

ern.");

bo_id);

")

dn_id, bo_id);

")

bo_id);

;")

%%s\n\", err);");

*

1*

&pseudo_lamp);

*

}

cout << "end" << endl;

eic_init(CLINE, myDisplay);
eic_add_object(lamp, "host_lamp");

/lcode

EIC_BOOL res = EIC_FALSE;
EiC_parseString("char err[100]; bool res @ %ld;
EiC_parseString("res = SetStringAttribute(%d, %d
EiC_parseString("if(res) printf(\"Operation SetS
EiC_parseString("res = GetStringAttribute(%d, %d

EiC_parseString("if(res) printf(\"Operation GetS

EiC_parseString("res = GetRealAttribute(%d, %d,

EiC_parseString(“if(res) printf(\"Operation GetR

EiC_parseString("res = SetRealAttribute(%d, %d,

EiC_parseString(“if(res) printf(\"Operation SetR

EiC_parseString("res = GetRealAttribute(%d, %d,

EiC_parseString("if(res) printf(\"Operation GetR

eic_ipretter();

EiC_parseString("res = GetStrVal(host_lamp,\"nam
EiC_parseString("if(res) printf(\"Operation GetS

EiC_parseString("res = GetLastError(err);");
EiC_parseString("if(res) printf(\"%%s\", err);")

/*

/ICint testcode with a UdmPseudoObiject created i
cint_init(NULL, myDisplay);
cint_add_object(lamp,"host_lamp");

string code = "host_lamp.SetStrVal(\"name\" \"ci
Ilcint_ipretter();

cint_int_calc(code);

*/

/ICint testcode with a UdmPseudoObiject created i

cint_init(NULL, myDisplay);
UdmPseudoObject pseudo_lamp(dn_id, o_id);

char code[200];

sprintf(code, "UdmPseudoObject * p_pseudo_lamp =

cint_int_eval(code);

[Isprintf(code, "UdmPseudoObject pseudo_lamp = *
/lcint_int_eval(code);
sprintf(code,"p_pseudo_lamp->SetStrVal(\"name\",
cint_int_eval(code);

cout << (string) lamp.name() << endl;

catch(udm_exception &e)

{

cout << "exception: " << e.what() << endl;

return -1;
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double i;", &res);

, \"name\", \"EiC rulez\");",
tringAttr OKI\\n\");");

, \"name\", err);", dn_id,

tringAttr OK!: %%s\\n\",

\"Wattage\", &i);", dn_id,

ealAttr OK!: %9%If\n\",

\"Wattage\", 3.1415926535);",

ealAttr OK!: %9%If\n\",

\"Wattage\", &i);", dn_id,

ealAttr OK!: %%If\n\",

e\", err);", dn_id, o_id);
trVal on host_lamp OK!:

n interpreted context

nt also rulez\");";

n compiled context

(UdmPseudoObject *) %p;\n",

p_pseudo_lamp;\n“);

\"cint also rulez\");");



}

return O;

int main_seq_test(int argc, char * argv[])

{

=

R

*
if(argc < 2)
{

UDM test code, which demonstrates how to preserv
in the backend. It works only with MEM and DOM b

cout << "Usage: CreateLampModel <UdmBackEnd file

return -1;

Udm::SmartDataNetwork nw(diagram);

nw.CreateNew(argv[1],"LampDiagram", RootFolder::m

{

RootFolder rrr = RootFolder::Cast(nw.GetRootObje
Lamp lamp = Lamp::Create(rrr);

lamp.name() = "Host Lamp *;

lamp.ModelName() = "Sequence tester lamp";

Bulb bulbl = Bulb::Create(lamp);
bulbl.name() = "Bulb 1";
bulbl.Wattage() = 100;
bulbl.Voltage() = 10;

Bulb bulb2 = Bulb::Create(lamp);
bulb2.name() = "Bulb 2";
bulb2.Wattage() = 200;
bulb2.Voltage() = 20;

Bulb bulb3 = Bulb::Create(lamp);
bulb3.name() = "Bulb 3";
bulb3.Wattage() = 300;
bulb3.Voltage() = 30;

}
nw.CloseWithUpdate();
nw.OpenExisting(argv[1], "LampDiagram");
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RootFolder rrr = RootFolder::Cast(nw.GetRootObje
set<Lamp> lamps = rrr.Lamp_kind_children();
Lamp lamp = *(lamps.begin());

vector<Bulb> bulbs = lamp.Bulb_children();
vector<Bulb> new_vector;

vector<Bulb>::iterator bulb_i = bulbs.begin();
cout << " The order of bulbs should be 1, 2, 3"
cout << " The order of bulbs: " ;

while (bulb_i != bulbs.end())

{
Bulb bulb = *bulb_i;
cout << (string)bulb.name() << " ,";
bulb_i++;

}

/linverting order
vector<Bulb>::reverse_iterator bulb_ri = bulbs.r
while (bulb_ri != bulbs.rend())

{

new_vector.push_back(*bulb_ri);

e the order of children

ackends.
(lamp to be created in)>\n";
eta);
ct0);
ct());
<< endl;
begin();



++bulb_ri;

}
lamp.Bulb_children() = new_vector;

bulbs = lamp.Bulb_children();

bulb_i = bulbs.begin();

cout << endl << " The order of bulbs should be 3 ,2, 1" << endl
cout << " The order of bulbs: " ;

while (bulb_i != bulbs.end())

{
Bulb bulb = *bulb_i;
cout << (string)bulb.name() << " ,";
bulb_i++;

}

/ltaking out from the middle - that's index 1

Bulb middle_b = bulbs[1];

bulbs = lamp.Bulb_children() -= middle_b;

bulb_i = bulbs.begin();

cout << endl << " Bulb 2 removed. The order of b ulbs should be 3,1" << endl;
cout << " The order of bulbs: " ;

while (bulb_i != bulbs.end())

{
Bulb bulb = *bulb_i;
cout << (string)bulb.name() << " ,";
bulb_i++;

}

/ladding back to the end

middle_b = Bulb::Create(lamp);
middle_b.name() = "Bulb 2 recreated";
middle_b.Wattage() =2000;
middle_b.Voltage() = 200;

bulbs = lamp.Bulb_children();

bulb_i = bulbs.begin();

cout << endl << " Bulb 2 readded to the end. The order of bulbs should be
3,1,2" << endl;

cout << " The order of bulbs: " ;

while (bulb_i != bulbs.end())

Bulb bulb = *bulb_i;

cout << (string)bulb.name() << " ,";
bulb_i++;

cout << endl;

}
catch (udm_exception e)
{

cout << "exception : " << e.what() << endl;
return 0;

int main_arch_der_sub_test(int argc, char * argv[])

{
1%
*

* UDM test code, which demonstrates how to use arc hetype/derived/subtypes
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* with UDM, specially regarding attributes

*
*
*
if(argc < 2)
{

cout << "Usage: CreateLampModel <UdmBackEnd file
return -1;

Udm::SmartDataNetwork nw(diagram);

nw.CreateNew(argv[1],"LampDiagram”, RootFolder::m eta);

{

endl;

endl;
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RootFolder rrr = RootFolder::Cast(nw.GetRootObje
Lamp lamp = Lamp::Create(rrr);

lamp.name() = "Host Lamp ";

lamp.ModelName() = "Sequence tester lamp";

Bulb bulbl = Bulb::Create(lamp);

bulbl.name() = "Bulb 1";

bulbl.Wattage() = 100;

bulbl.Voltage() = 10;

Bulb Bulbl_instance_1 = bulbl1.Createlnstance(lam

//Bulbl1_instance_1.name() = "Bulb Instance 1";

Bulb Bulb1_instance_2 = bulbl.Createlnstance(lam
Bulbl_instance_2.name() = "Bulb Instance 2";

Bulb Bulbl_derived_1 = bulbl.CreateDerived(lamp)
//Bulb1_derived_1.name() = "Bulb derived 1";

Bulb Bulb1_derived_2 = bulbl.CreateDerived(lamp)
Bulbl1_derived_2.name() = "Bulb derived 2";
set<Udm::Object> ders = bulbl.derived();
set<Udm::Object>::iterator d_i = ders.begin();
while (d_i != ders.end())
{

Bulb derived_bulb = Bulb::Cast(*d_i++);

cout << "Derived bulb name: " << (string)derive

Bulb archetype = Bulb::Cast(derived_bulb.archet
cout << "Archetype bulb name: " << (string)arch

}
set<Udm::Object> insts = bulbl.instances();
set<Udm::Object>::iterator i_i = insts.begin();
while (i_i != insts.end())
{
Bulb instance_bulb = Bulb::Cast(*i_i++);
cout << "Instance bulb name: " << (string)insta
Bulb archetype = Bulb::Cast(instance_bulb.arche
cout << "Archetype bulb name: " << (string)arch
}

/fbulb kind childrens
set<Bulb> bulbs = lamp.Bulb_kind_children();
inti = bulbs.size();

//Bulbl_instance_1.parent() = NULL;
//Bulbl_derived_2.parent() = NULL;
//bulbl.parent() = NULL;

//bulb kind childrens

(lamp to be created in)>\n";

ct0);

p);

p);

d_bulb.name() <<

ype();
etype.name() << endl;

nce_bulb.name() <<

type();
etype.name() << endl;



bulbs = lamp.Bulb_kind_children();
i = bulbs.size();

bulbl.name() = "New Archetype name for Bulb1!";

/IPlug is required...

Plug::Create(lamp);

}
nw.CloseWithUpdate();

nw.OpenExisting(argv[1],"LampDiagram");

{

RootFolder rf = RootFolder::Cast(nw.GetRootObjec
vector<Lamp> rf_lamps = rf.Lamp_kind_children();
vector<Bulb> lamp_bulbs = (*rf_lamps.begin()).Bu
vector<Bulb>::iterator lamp_bulbs_i = lamp_bulbs

t0);

Ib_kind_children();
.begin();

while (lamp_bulbs_i != lamp_bulbs.end())
{

(string)derived_bulb.name() << endl;

(string)archetype.name() << endl;

(string)instance_bulb.name() << endl;

(string)archetype.name() << endl;

Bulb this_bulb = *lamp_bulbs_i++;
cout << " Bulb Name: " << (string) this_bulb.n
Cout << " -mmmmmmmneaae deriveds ----------- "<

set<Udm::Object> ders = this_bulb.derived();
set<Udm::Object>::iterator d_i = ders.begin();
while (d_i != ders.end())

{
Bulb derived_bulb = Bulb::Cast(*d_i++);
cout << "\tDerived bulb name: " <<
Bulb archetype = Bulb::Cast(derived_bulb.arche
cout << "\tArchetype bulb name: " <<
}
COUt << " —mmmmmmmmaen instances ----------- "

set<Udm::Object> insts = this_bulb.instances();
set<Udm::Object>::iterator i_i = insts.begin();
while (i_i != insts.end())

Bulb instance_bulb = Bulb::Cast(*i_i++);
cout << "\tinstance bulb name: " <<

Bulb archetype = Bulb::Cast(instance_bulb.arch
cout << "\tArchetype bulb name: " <<

}
COUt << " —mmmmmmmmaen archetype ----------- "
if (this_bulb.archetype())
{
Bulb archetype = Bulb::Cast(this_bulb.archetyp
cout << "Archetype bulb name: " << (string)arc
}

cout << “"exception : " << e.what() << endl;

<< endl;
}
}
catch (udm_exception e)
{
}
return 0;
}
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ame() << endl;

< endl;

type();
<< endl;

etype());
<< endl;

e());

hetype.name()



int main(int argc, char* argv[])

{

/*

* This code creates a lamp, and then copies it to another Udm DataNetwork,

* using the Udm::DataNetwork assignment operator( =).

*

* Two arguments are expected, two filenames. The first will be the datanetwork where the lamp

* is created, the second is a copy of the first. The filenames can have any extension of
.MEM, .MGA,

* .DOM. In case of MGA, the Lamp paradigm must be registered first.

*

* The example shows the basic UDM operations:

* - creating & removing objects, associations, ma nipulating children

* - association class based associations

* - setting & getting simple attributes, simple n on-persistent attributes

* - setting & getting array attributes, array non -persistent attributes,

accessing array attribute items by index
* - copying a datanetwork as a whole

* - different ways of walking the object tree
* - creating instances and subtypes
*
*
if(argc < 3) {
cout << "Usage: CreateLampModel <UdmBackEnd file (lamp to be created in)>
<UdmBackEnd file(copy)>\n";
return -1;
}
try {

Udm::SmartDataNetwork nw(diagram);

nw.CreateNew(argv[1],"LampDiagram”, RootFolder::m eta);
{ _
RootFolder rrr = RootFolder::Cast(nw.GetRootObje ct());
int count = 0;
[lfor (count = 0; count < 100; count++)
1{

Lamp doubleBulbLamp = Lamp::Create(rrr);

vector<__int64> a;

a.push_back(0x1234567890abcdef); //64bit intege r
a.push_back(7);

a.push_back(1);

doubleBulbLamp.Arrayint() = a;

cout << " Array indexer test: integer..." << en dl;
cout << doubleBulbLamp.ArrayInt()[0] << endl;

/IdoubleBulbLamp.ArrayInt()[4] = 3;
/IdoubleBulbLamp.ArrayInt()[4] += 2;

cout << (long) doubleBulbLamp.ArrayInt()[4] << endl;

/ltesting non-persistent array attributes

doubleBulbLamp.TempArrayInt() = a; /lassign

a = doubleBulbLamp.TempArrayInt(); [Iretrieve

/ldisplay

cout << "Testing non-persistent array attribute (int) :" << endl;
vector<__int64>::const_iterator a_i = a.begin() ;

while (a_i I= a.end()) cout << *a_i++ << "";

cout << endl;

cout << " Array indexer test: non-persistent in teger..." << endl;
cout << doubleBulbLamp.TempArrayInt()[0] << end I;
/ldoubleBulbLamp.TempArrayInt()[4] = 3;

/ldoubleBulbLamp.TempArrayInt()[4] += 2;

cout << doubleBulbLamp.TempArrayInt()[4] << end I;

vector<double> b;
b.push_back(1.1);
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IIretrieve

/Iretrieve
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b.push_back(2.4);
b.push_back(3.141592653589793234);
doubleBulbLamp.ArrayReal() = b;

/ltesting non-persistent array attributes
doubleBulbLamp.TempArrayReal() = b;
b = doubleBulbLamp.TempArrayReal();

/ldisplay

cout << "Testing non-persistent array attribute
vector<double>::const_iterator b_i =b.begin();
while (b_i I= b.end()) cout << *b_i++ << "";
cout << endl;

vector<bool> c;
c.push_back(true);
c.push_back(true);
c.push_back(false);
doubleBulbLamp.ArrayBool() = c;

/ltesting non-persistent array attributes
doubleBulbLamp.TempArrayBoolean() = c;
¢ = doubleBulbLamp.TempArrayBoolean();

/[display

cout << "Testing non-persistent array attribute
vector<bool>::const_iterator c_i = c.begin();
while (c_i != c.end()) *c_i++ ? cout << "true,"
cout << endl;

vector<string> d;

d.push_back("apple");
d.push_back("orange");
d.push_back("hello");
d.push_back("semi;colon™);
d.push_back("doublesemi;;colon™);
d.push_back("triplesemi;;;colon");
d.push_back("back\\slash");
d.push_back("double back\\\slash");
d.push_back("triple back\\\\slash");
d.push_back("triple semi-coloback\\;\\;\\;slash
d.push_back("triple semi-coloback\\\\\;;;slash
doubleBulbLamp.ArrayStr() = d;

cout << " Array indexer test: string..." << end

cout << (string) doubleBulbLamp.ArrayStr()[4] <
/ldoubleBulbLamp.ArrayStr()[4] = " array indexe
/ldoubleBulbLamp.ArrayStr()[4] += " += operator

cout << (string) doubleBulbLamp.ArrayStr()[4] <

/ltesting non-persistent array attributes
doubleBulbLamp.TempArrayStr() = d;

d = doubleBulbLamp.TempArrayStr();
/ldisplay

cout << "Testing non-persistent array attribute
vector<string>::const_iterator d_i = d.begin();
while (d_i I= d.end()) cout << *d_i++ << ",
cout << endl;

char lamp_name[70];
sprintf(lamp_name, "HighLight XL150 instance no
doubleBulbLamp.name() = lamp_name;

doubleBulbLamp.MaxVoltageRating() = 220.0;
doubleBulbLamp.MaxTempRating() = 200;
ElectricTerminal termA = ElectricTerminal::Crea
ElectricTerminal termB = ElectricTerminal::Crea
termA.position() = "(500,20)";

termB.position() = "(500,85)";

Plug thePlug = Plug::Create(doubleBulbLamp);
thePlug.position() = "(500,150)";
thePlug.name() = "Plug";

/lassign

(double) :" << endl;

/lassi

(boolean) :" << endl;

: cout <<"false,";

l;
<endl;
r assignment";

<endl;
/lassign

lIretrieve

(string) :" << endl;

. %d", count);

te(doubleBulbLamp);
te(doubleBulbLamp);

gn



ElectricTerminal pltl = ElectricTerminal::Creat
pltl.position() = *(20,100)";
ElectricTerminal plt2 = ElectricTerminal::Creat
plt2.position() = *(20,200)";

/I create mainswitch and its terminals

Lamp::meta_MainSwitch);

Switch mainSwitch = Switch::Create(doubleBulbLa

mainSwitch.position() = "(300,100)";
mainSwitch.name() = "MainSW";
ElectricTerminal mstl = ElectricTerminal::Creat
mst1.position() = "(20,100)";

ElectricTerminal mst2 = ElectricTerminal::Creat
mst2.position() = "(220,100)";

Ilcreate switches and its terminals

Lamp::meta_FunctionSwitch);

Lamp::meta_FunctionSwitch);

Lamp::meta_FunctionSwitch);

/I Create bulbs with terminals

Switch switchl = Switch::Create(doubleBulbLamp,

switch1.position() = "(300,250)";
switchl.name() = "SW1";

ElectricTerminal s1t1 = ElectricTerminal::Creat
s1tl.position() = "(20,100)";

ElectricTerminal s1t2 = ElectricTerminal::Creat
s1t2.position() = "(220,100)";

Switch switch2 = Switch::Create(doubleBulbLamp,

switch2.position() = "(300,250)";
switch2.name() = "SW 2";

ElectricTerminal s2t1 = ElectricTerminal::Creat
s2tl.position() = "(20,100)";

ElectricTerminal s2t2 = ElectricTerminal::Creat
s2t2.position() = "(220,100)";

Switch switch3 = Switch::Create(doubleBulbLamp,

switch3.position() = "(300,250)";
switch3.name() = "Halogen switch";
ElectricTerminal s3t1 = ElectricTerminal::Creat
s3tl.position() = "(20,100)";

ElectricTerminal s3t2 = ElectricTerminal::Creat
s3t2.position() = "(220,100)";

Bulb bulbl = Bulb::Create(doubleBulbLamp);

bulbl.name() = "Bulbl";

bulbl.position() = "(100,150)";

ElectricTerminal b1tl = ElectricTerminal::Creat
b1tl.position() = "(220,100)";

ElectricTerminal b1t2 = ElectricTerminal::Creat
b1t2.position() = "(220,200)";

Bulb bulb2 = Bulb::Create(doubleBulbLamp);

bulb2.name() = "Bulb2";

bulb2.position() = "(100,150)";

ElectricTerminal b2t1 = ElectricTerminal::Creat
b2t1.position() = "(220,100)";

ElectricTerminal b2t2 = ElectricTerminal::Creat
b2t2.position() = "(220,200)";

/ltest inherited parentroles & childroles

Lamp::meta_Bulb_children);

HalogenBulb bulb3 = HalogenBulb::Create(doubleB

bulb3.name() = "HalogenBulb3";
bulb3.position() = "(100, 150)";
ElectricTerminal b3tl = ElectricTerminal::Creat

HalogenBulb::meta_ElectricTerminal_children);
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b3t1.position() = "(320,100)";
ElectricTerminal b3t2 = ElectricTerminal::Creat
b3t2.position() = "(320,200)";

e(thePlug);

e(thePlug);

mp,

e(mainSwitch);

e(mainSwitch);

e(switchl);

e(switchl);

e(switch2);

e(switch2);

e(switch3);

e(switch3);

e(bulbl);

e(bulbl);

e(bulb2);

e(bulb2);

ulbLamp,

e(bulb3,

e(bulb3);



/I wire up the lamp

/lcreate wires in the lamp

/lconnect them

/I assign values to a few attrs
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Wire wl = Wire::Create(doubleBulbLamp);
Wire w2 = Wire::Create(doubleBulbLamp);
Wire w3 = Wire::Create(doubleBulbLamp);
Wire w4 = Wire::Create(doubleBulbLamp);
Wire w5 = Wire::Create(doubleBulbLamp);
Wire w6 = Wire::Create(doubleBulbLamp);
Wire w7 = Wire::Create(doubleBulbLamp);
Wire w8 = Wire::Create(doubleBulbLamp);
Wire w9 = Wire::Create(doubleBulbLamp);
Wire w10 = Wire::Create(doubleBulbLamp);

/llive onnections
/[#1: connect plug 1 to main switch input
/lthis is one way to connect it!

wl.Endl_end() = pltl;
wl.End2_end() = msti;

/[#2, #3: connect main switch output to swl, sw
w2.End1_end() = mst2;
w2.End2_end() = s1t1;

w3.End1_end() = mst2;
w3.End2_end() = s2t1;

w10.End1_end() = mst2;
w10.End2_end() = s3t1;

[/[#4: connect swl output to bulb 1
w4.End1l_end() = s1t2;
w4.End2_end() = b1t1;

/I#5: connect sw2 output to bulb 2
w5.End1_end() = s2t2;
w5.End2_end() = b2t1;

/1#8: connect sw3 output to halogenbulb
w8.End1_end() = s3t2;
w8.End2_end() = b3t1;

/lground connections:

/I#6, #7 connect plug 2 to bulbs
w6.End1_end() = plt2;
w6.End2_end() = b1t2;

w7.End1_end() = plt2;
w7.End2_end() = b2t2;

w9.End1_end() = plt2;
w9.End2_end() = b3t2;

wl.Amps() = 3.5;
w2.Amps() = 4;
w3.Amps() = 5;
w4.Amps() = 11;
w5.Amps() = 12;
w6.Amps() = 13;
w7.Amps() = 15.0;
w8.Amps() = 14.0;

2 inputs



1%

*/

<< endl << endl;

s_bulb.end(); s_bulb_i++)

<< endl;

(s_cls.size()) << endl;

<< endl

IIthis is safe, because the vector will contai
pointer,

/lwhich is already clone()-ed,

I/but will be released as soon as peer_switch
context

vector<Udm::Objectimpl*> sw_ois = s_bulb_i->__
>getAssociation(LampDiagram::Bulb::meta_dst, Udm:: T ARGETFROMPEER);

sw_ois.size() << endl;
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w9.Amps() = 16.0;
w10.Amps() = 17.0;

bulbl.Wattage() = 55;
bulb2.Wattage() = 155;
bulb3.Wattage() = 200;

/Ithis should got a default value
/ldoubleBulbLamp.ModelName() = "SuperDoubleLigh

s1t1.Type() = string("Copper");
s1t2.Type() = string("Aluminium");

/[creating control links

ControlLink cl1 = ControlLink::Create(doubleBul
cll.name() = "Bulb 1 switcher";

/lone way to set associations:
cll.src_end() = bulbl;
cll.dst_end() = switchl;

/lthe other way to set associations would be
set<ControlLink> s_cl;

s_cl.insert(cl1);

bulbl.dst() = s_cl;

switchl.src() = s_cl;

ControlLink cl2 = ControlLink::Create(doubleBul
cl2.src_end() = bulb2;

cl2.dst_end() = switch2;

cl2.name() = "Bulb 2 switcher";

ControlLink cI3 = ControlLink::Create(doubleBul
cl3.src_end() = bulb3;

cl3.dst_end() = switch3;

cl3.name() = "Halogen Bulb switcher";

set<ControlLink> |ks = doubleBulbLamp.ControlLi
set<ControlLink>::iterator 11;

for(11 = Iks.begin(); 11 = ks.end(); 11++) {
cout << "Control: " << string(I1->name()) << "
cout << "Bulb: " << string(Bulb(I1->src_end())

cout << "Switch: " << string(Switch(I1->dst_en

set<Bulb> s_bulb = doubleBulbLamp.Bulb_kind_chi
for(set<Bulb>::iterator s_bulb_i = s_bulb.begin

{

cout << " Name of the bulbs: " << string(s_bul

set<ControlLink> s_cls = s_bulb_i->dst();
cout << " number of associated controllinks: "

ControlLink cll = *s_cls.begin();
cout << " associated control link: " << (strin

cout << " number of peers(meta_dst) :" << (lon

t 155"

bLamp);

bLamp);

bLamp);

nk_kind_children();

.Hame()) <"

d().name())
Idren();
0; s_bulb_i =
b_i->name())
<< (long)
g) cll.name()
n only one

goes out of
impl()-

9)



endl;

<< endl;
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Switch peer_switch(*sw_ois.begin());

cout << " name of peer: " << (string)peer_swit ch.name() <<

/ltesting object delete
[Ithis is way to delete cl1
/lcll.parent() = NULL;

[ltesting new set of childs
/Ithis is a way to delete cl2

/Iset<ControlLink> cl_test_set;
/lcl_test_set.insert(cl1);
/ldoubleBulbLamp.ControlLink_kind_children() = ¢

/ltesting now associations

Bulb b11 = cll.src_end();
Bulb b12 = cl2.src_end();

cll.src_end() = b12;
cl2.src_end() = b11;

lks = doubleBulbLamp.ControlLink_kind_children()

for(I1 = Iks.begin(); I1 = Iks.end(); 11++) {
cout << "Control: " << string(I1->name()) << "
cout << "Bulb: " << string(Bulb(I11->src_end()).
cout << "Switch: " << string(Switch(I1->dst_end

[ltesting parentroles

Lamp lamp1 = switch1.MainSwitch_Lamp_parent();
if (lamp1)
{

cout << "lamp1 is not NULL" << endl;
long id = lampZ1.uniqueld();
cout << id << endl;

}

Lamp lamp2 = switch1.FunctionSwitch_Lamp_parent(
if (lamp2)
{

cout << "lamp2 is not NULL" << endl;
long id = lamp2.uniqueld();
cout << id << endl;

}
RootFolder r1 = switch1.RootFolder_parent();
if (r1)
{
cout << "rlis not NULL" << endl;
long id = r1.uniqueld();
cout << id << endl;
}
Object 01 = switchl.parent();
if (o1)
{
cout << "ol is not NULL" << endl;
long id = ol.uniqueld();
cout << id << endl;
}

Iltesting child roles

set<ElectricDevice> ed_s = doubleBulbLamp.Electr

|_test_set;

name() <<" "
()).name()) << endl

icDevice_kind_children();



copy operator

}

}

cout << ed_s.size() << " electric devices found

/lcreate a switch directly in the rootfolder (te
/ISwitch rr_sw = Switch::Create(rrr);
IIrr_sw.name() = "rootfolder switch";

/lcreate derived object

[ltesting assignment

Udm::SmartDataNetwork snw(diagram);
snw.CreateNew(argv[2],"LampDiagram",RootFolder::
snw = nw;

snw.CloseWithUpdate();

Udm::Object oo = nw.ObjectByld(bulbl.uniqueld())
Bulb uu = Bulb::Cast(00);

cout << long(uu.Wattage()) << endl;
cout << long(oo.uniqueld()) << endl;

}
nw.CloseWithUpdate();

catch(const udm_exception &e)

{

cout << "Exception: " << e.what() << endl;

return(-1);

try {

/I reload the data to see if it is valid

Udm::SmartDataNetwork nw(diagram);
nw.OpenExisting(argv[1],", Udm::CHANGES_LOST_DEF
{
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RootFolder rr = RootFolder::Cast(nw.GetRootObjec
set<LampDiagram::Lamp> |_s = rr.Lamp_kind_childr
cout << " number of lamps: " << |_s.size() << en
Lamp | = *|_s.begin();

cout << "lamp: " << (string) l.name() << endl;

cout << "ArrayInt: ";
vector<__int64> vl = l.ArrayInt();
vector<__int64>::const_iterator vl_i = vl.begin(

while (vI_i = vl.end()) cout << *vI_i++ << "";
cout << endl;

cout << "ArrayFloat: ";
vector<double> vd = |.ArrayReal();
vector<double>::const_iterator vd_i = vd.begin()
while (vd_i = vd.end())

cout << *vd_i++ << "™
cout << endl;

cout << "ArrayBool: *;
vector<bool> vb = |.ArrayBool();
vector<bool>::const_iterator vb_i = vb.begin();
while (vb_i = vb.end())

cout << (*vb_i++ ? "true" : "false") << ", ";
cout << endl;

cout << "ArrayStr: ";

AULT);

inlamp ..." << endl;

sting the DTD features)

meta);
/IDatanetwork

t0);
en();
dl;



vector<string> vs = |.ArrayStr();
vector<string>::const_iterator vs_i = vs.begin()
while (vs_i != vs.end())

cout << *vs_j++ << ",
cout << endl;

nw.CloseNoUpdate();
}

cout << "Basically, all is OK" << end| ;

}
catch(const udm_exception &e)

cout << "Exception: " << e.what() << endl;
return(-1);

}

cint_string a("hello");
cint_string b("hell0");
cint_string c("hello");

if (@ ==b) cout << " a equals to b " << endl;
if (@ ==c) cout << " a equals to c " << endl;

return O;
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