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Abstract. In this paper we investigate the capabilities ahdrtsomings of
UML 2 in the field of executable modelling, with espal focus on database
applications. As envisioned in the MDA initiativilais sets the challenges like
achieving platform-independence of the base manehplete specification of
behaviour in an adequate way and making the modelrmbiguous and
suitable input for model compilers. Additionally, ewneed to provide
sufficiently powerful and abstract means of creataxpressions over data, so
that our platform-independent language is not iofein that matter compared
to database query languages known from DBMSs.
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1 Introduction

The main expectation behind model-driven develogmbased on platform-
independent models (PIMs) is earning more valuetha process of model
development. As far as the idea of Model Driven hitecture (MDA) [3] is
considered, this leads to the following requireraent

» Ability to accompany the modelling solution withghiy automated means of
producing executable code.

» Platform-independence, which isolates the investmede on producing a model,
against the future changes of the target deploymtatform (for example from
particular solution of data persistence — relatiemabject database).

* Representing behaviour inside the model in a fdrat offers a level of abstraction
higher than the one anticipated at the target giaitf code (otherwise the
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expressiveness of the model would be questionatdepaoducing efficient code
would be problematic).

» Modelling notions offered to the developer basedeaisting technologies and
standards. This is important from the point of viefathe cost of adoption, as well
as because the reuse of existing modelling toalsserable.

« All details (e.g. type information) essential foodel compilers need to be easily
available in the model. For example, if one platfespecific programming
language represents updates of local variableparsistent data uniformly, but on
the other platform the processing may differ, mogtebuld make the distinction
easily available. In other words, while in the cmte syntax offered to a modeller
transparency and uniformity are desirable, the arhai information actually
recorded in the model needs to take into accouotessing requirements of
various target platforms and respective model ctargi

In this paper we describe a solution for creating executing platform independent

models based on UML [4] in the field of data intersapplications, being able to

process large data sets using a higher-level daaguage. In the rest of this section,
we discuss model execution. In the second seatiergescribe a language created for
purposes of PIM specification, while in the thicson we briefly present the IDE
for this kind of models.

1.1 Model Execution

The technology of executable models is originateanfthe Shlaer-Mellor method
[6]. According to [2], Executable UML is a profitef UML allowing the developer to
define the behaviour of a single subject mattea inufficient detail that it can be
executed and tested. An executable platform-indédg@nUML model describes only
the data and the behaviour, without making anyfqiat specific decisions. It does
not specify organization of data, even an implemon involving classes and
objects is not necessarily required. An Executad. model does not define neither
system distribution nor the number and allocatibseparate threads. Each platform
calls for a different model compiler according fmesific organization of hardware
and software. This covers also the operating sysbefif any), the programming
language(s) of the platform and solutions concernidfata persistence. Further
platform specific issues are the approaches tonigdition, transaction framing, fault-
tolerance and more.

We consider the ability to execute the model tovdleable for the following three
main purposes:

» Software construction. Complete platform-independent models can be used
produce software for the target platform. That'seventhe increased effort on
creating models is expected to pay with the savorggoding activities at target
platform. The degree to which this step can beraated depends, among other
factors, on the complexity of platform-specificheaal details.

» Testing and debugging. Assuming that the model compilers under constiera
constitute a mature technology (i.e. constructibplatform specific artifacts is a
more or less automated step and is not error pitsal), the burden of assuring
that software would work according to the develspattent is shifted to the PIM



level. Hence the need of easily available modekation engine (not necessarily
the same as the target deployment platform assymddgh could be invoked

from the development environment. In this case, aliditional challenge (apart
from just running the model) is allowing its stepwiexecution and tracking.

e Prototyping and validating with final users. In cases when moving from PIM to
the target code involves significant effort (whielgiven the complexity and multi-
tiered nature of the technologies used for buildiymgjcal business applications —
may be a quite usual situation), it becomes essdtivalidate models somehow
before proceeding to platform-specific work. Inverwent of the prospective users
is desirable; however, the model itself can beammhprehensible enough. Hence,
we assume the need for at least rudimentary meérgrototyping the user
interface that could cooperate with executable PIMs

The above considerations on model execution leadwsards a language that, at least
from the designer/programmer point of view, resambltypical database
programming languages. This means, that althoughaita of application lies
somewhere between traditional modelling tools amdj@mming languages, the level
of precision and skills necessary brings the rexmént for the developers of
programming background.

1.2 A Textual Languagefor the PIM

Here an important question arises: why do we netecxtaal language at all? Textual
language is necessary to describe precise behawfoorodels since visual syntax
operates on higher level of abstraction and usdallyes many details unspecified.
Visual programming/modelling is therefore used orflr a limited set of
programming constructs leaving possibility for mamgmers/modellers to switch to
textual syntax any time and complete programmindetéils.

There is also no CASE tool currently available fkable to create complete UML
actions and activities models. Most of them moddly selected features of UML
standard. This selection is arbitrary and diffeiargach tool making them very often
incompatible.

Efficient processing of data structures in typitalsiness applications requires
means of specifying expressions (queries) with laimpower to SQL, OQL or
XMLQuery. Again, a natural choice for this is toagd an existing OMG standard —
namely, the OCL (Object Constraint Language). Hmgliage is extensible, prepared
to be used with UML, and the role of “query langefags among the applications
anticipated by its authors.

Concluding, our textual VIDE language defines atuek syntax that is human
readable and similar to other programming languagepporting necessary UML
behavioural constructs accompanied with OCL exwassand queries (in this part
using the standard OCL'’s syntax) but used excllsime PIM level.



2 A Programming Language Built on UML and OCL

As stated in OCL 2.0 [5] specification, the maiagen for introducing this language
in UML models is to be able to describe expressions

“Object Constraint Language (OCL) is a formal laage used to describe
expressions on UML models. (...) OCL expressions t&n used to specify
operations/actions that, when executed, do alterstate of the system. (...) UML
modellers can also use OCL to specify queries an WML model, which are
completely programming language independent.”

We then might expect, that OCL makes UML a tool aoly for modelling but
also capable of creating platform independent etabt® models, with behaviour
specified by OCL and UML. In this section we stellalyze the integration of these
two standards and try to conclude whether they lmarused for real-life business
database applications development.

2.1 Responsibilities of the Standards

It is important to note that not all features of UMnd OCL are useful from VIDE
PIM language’s point of view. If we analyze OCL 2:8d UML 2.1 standards, we can
observe that their functionality overlaps in mankacpes, for example: we have
ReadStructuralFeatureAction in UML and similar PropertyCallExp in OCL,
CallOperationAction in UML and correspondin@perationCallExp in OCL, etc. To
avoid functional and semantic inconsistencies, weded responsibilities between
these two languages following a simple rule: OClused as a query and expression
language to access data, while UML is used to epdata and to cover other
imperative constructs. Here we describe the respititiss of both standards in our
solution:

« UML - defines data structures, defines program wieoa in the domain of
imperative constructs (loops, conditionals, progrdmocks and exceptions),
updates values and objects in the system;

* OCL - defines queries over data objects descrilyedML models and stored in
the system and represents operation calls.

2.2 Problemsof Integration

The described integration exposed various probldéragiever. We must admit that

even though OCL 2.0 is advertised as a "languagentiay be used in UML models

in any place where an expression may be used$, nbt fulfilling this expectation.

Below we enumerate just a few of the most impontaablems:

» OCL expression cannot access local variables déffoe example in method
bodies;

» Although there is a conversion specified from UMjipéds to OCL types, there is
no explicit definition of the opposite conversidhis then formally impossible to
consume OCL expression results in UML actions ahdrdJML constructs;



e There is an important problem of correct and comiméerpretation of collection
types. In UML, a collection is represented by npléi values. OCL defined
dedicated collection types, which are containerssfiored values. When OCL
expression is accessing UML multiple value, it @ erted to appropriate OCL
collection instance. On the other side also OCLresgion (or query) may return
multiple values, which are packed in a collectigpet However, from UML's
point of view, OCL collection is just a single veluThere is no reverse mapping
from OCL collections to UML multiple value varialsleBecause of that, standard
UML cannot treat OCL collections properly and canhandle them for example
in Expansion Regions;

» OCL allows a programmer to define custom types ¢fample for collections) but
does not define how they should be stored in UMldeis;

e OCL expressions cannot refer to any of UML actiortsis may be unimportant if
OCL is only used simply as expression and querguage, but may become
critical if one would like to use do meta-programmiand analyze UML
behavioural models during query execution.

2.3 Limitationsof Textual Programs Represented in UML Models

It was surprising to notice that UML cannot covier,a reasonably straightforward
way, all variety of constructs that are handy fexttial programmers. In fact, some
constructs become so popular through their presénaaainstream programming
languages, that their straightforward support in lUs&ems highly desirable. There
are three types of these limitations.

First one is connected to textual syntax shortdets.example programmers often
use shortcuts for assignments or incrementing tipesa(like +=, *=, ++, etc). There
are no corresponding notions in UML. When such tonts are expanded to
complete statements and then translated to appteptiML elements, we loose
information about the original syntax, which is ion@ant if we want to be able to
switch back to a textual view of the model.

Second one appeared in constructs like loops aitdhsstatements. UML contains
only one element for all kinds of loops (althougtihwappropriate flags to distinguish
for example between do...while and while...do). Samyl, the switch statement is
modelled with elements which are also used forthin...else statement. Also
different types of comments fall into this categofygain, we loose information on
the original syntax in the textual code.

Last but not least, there is a potentially useftdimation about the current state of
textual view, which also should be stored in thedeido be able to present exactly
the same view to the programmer when moving bawk fmodel view.

Above limitations are not really any kinds of flaw$ the standard, but rather
points, which must be taken into consideration wtesigning a tool for high-level
programming based on UML. Thanks to extensibilitecmanisms and model
annotations, these programming requirements mdylfiéed quite simply.



24 UML ClassDiagram as an Object Database Schema

Adopting class diagrams to represent object datatshema requires several
additional explanations. From object oriented dasabpoint of view we need at least
names for all objects (names for classes are ratgdh) and starting point for queries
(so called set of root objects). Root objects dartstmain part of the schema, which
may be compared to a main module or an entry goinprocedural programs. Fig 1.
presents an example schema adopted to needs of dajabase.

There are five classe$erson, Author, Editor, Book and Solditem. They are
defined using regular UML notions. From databadetpaf view we need to give also
names to objects, that is instances of these da¥seachieve this goal we introduce
a container singleton object, which will be a maimdule of our system:
BookstoreSystem. It contains properties named authors, editorekb@nd solditems
which in fact model a place, where our root objeittt appear.BookstoreSystem is in
the same time context and starting point for aéireps.

Person

<<module>> +name : String —
BookstoreSystem

+authors : Author[*] { unique }

+editors : Editor[*] { unique } 1
+ books : Book[*] { unique }
+solditems _: Solditem[*] { unique } +global
+sell (item : Book, amount : Integer)
+ getSoldBooksF... (fromDate : Date, toDat... Author
+penName : String
1 +global 1 ¢global + getincomeFromTo (fromDate : Date, toDate : Date) : Real

1..% +author { ordered, unique }

Editor

* | +book { unique }

Solditem * 1 Book g *
+amount : Integer +title : String | * +editor {|unique }
+ transactionDate : Date i ice :

+sold +item |+price : Real +book { unique }

Fig. 1. Example UML schema adapted to database needs.

Another observation which we made during implemtioria of UML execution
engine is lack of global variables which may be amt@ant for database programs. We
simply should be able to write a query startingrfrooot objects in any possible
context in the schema. Unfortunatelly even wiethor class instances are embeded
as properties of BookstoreSystem (as authors collection) procedure
getincomeFromTo( from:Date, to:Date):Real cannoteas for example books
collection. To make is possible we added explicitsociations from all objects to
BookstoreSystem object, which is the global context for the schema

2.5 Meansof Achieving Semantically Complete Model Compiler Input

In order to achieve functionally complete and setically consistent models, we
have chosen not to extend UML's meta model, willoghe able to analyze VIDE



models in any UML 2.0 capable CASE tool. Thustlad constructs which appear in

the VIDE code repository are standard meta modeiptiant. There are, however,

three types of modifications that had to be donactueve semantic completeness and
to overcome the fact some constructs are inexpnesisi the standard way:

1. Adding more information to UML constructs. This wiasplemented using EMF
annotations facility. All information required fanodelling tools and for easing the
translation from textual code to models and vicesads provided this way (like
annotation letting us to distinguish := and += whdransformed to
Add*ValueAction element) .

2. Limiting model details to the level acceptable bMD¥ programs and expressible
by VIDE programmers. This was done simply by omgtiUML meta model
constructs that are not relevant to VIDE.

3. Extending the semantics of OCL-UML integration. S§hivas done by clear
explanation of new or updated behaviour of alreadisting UML constructs,
which, similarly to UML and OCL standards, neededbe communicated to all
involved developers of the toolset element; paldidy — to model compiler
developers, and may be subject to future standatidizprocess.

3 Mode Editor and Compiler (IDE)

3.1 Mode Creation and Compilation Process

A user of the VIDE editor first creates the datadedoof the application. The data
model has the form of a UML class diagram. Thee, uker generates stubs of the
methods declared by this diagram. These stubs edilldd by means of one of the
code editors: either textual, visual or other domspecific wizards. The method
bodies are then type checked, compiled and evéyntpat into the UML model
repository besides the elements implied by thesdigsgrams.

If the user wants to execute and test the modeshkewill have to provide a
connection to an execution platform (in our caseRADdatabase server). Model
compilation generates code for specific platform qur case ODRA) directly from
the UML repository. The generated code is then oanthe ODRA server thus
installing all the objects of the compiled modeheTuser can now write and run ad-
hoc code (e.g. method calls) in order to test misthar the sole schema. The whole
process is presented on the semi-formal Fig. 2e@tactors are depicted on this
picture: the user, the VIDE editor and the ODRAattase. Dashed arrows denote
derivation dependencies between documents (diagi@ds and repository content).
Solid labelled arrows represent authoring or usajgtionships between actors and
documents. For example, the solid arrow, which ects1the user with the class
diagram, means that the usegates this diagram.



3.2 ODRA Platform and Platform Specific Parameters

The experimental DBMS ODRA (Object Database for iBapplication
Development) [1] is the model execution platformaar project. ODRA is built
according to the Stack-Based Architecture (SBA)alhhas been presented in a
number of papers (e.g. [7]), but currently the lokstcription of SBA can be found in
[8]. ODRA DBMS perfectly suits the needs of a miagbeecution platform because of
language SBQL, programming abstractions and adap#mi-strong type checker.
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Fig. 2. ODRA IDE with integrated model compiler.

This platform implies that persistent objects aimilar to volatile ones and are
generally indistinguishable. ODRA assumes thaloatl variables are only temporal,
while properties of classes markedmnazdule are persistent. ODRA model compiler
translates typical object manipulating statememt®DRA language, which operates
on dedicated object store. Other compilers, formgda for Java platform, could
translate them to code working on JDO or other salktion.

ODRA also assumes bidirectional references, exaeptthrowing and catching
and procedure driven program execution. All thels¢fgrm dependent features are
introduced by ODRA model compiler.



4 Example Mode and its Execution

In this chapter we present a continuation of amegsa application shown in Fig 1.
The structure of objects is already defined thBiew, we add some very high level
behaviour inside procedure getincomeFromTo. Thguga is a minimal textual
representation for UML Actions and Activities suiepl with OCL expressions. Its
code may look as follows:

cont ext Bookstore:: Aut hor. get| nconmeFronifo body {

aut hor sBooks : Bag[O0..*]( Book );
sol dltemsFronTo : Bag[O..*]( Soldltem);

aut hor sBooks i nsert gl obal . books->
sel ect( b | b.author.nane->incl udes(sel f.name) );

sol dl tensFronTo insert gl obal.sol dltens->sel ect(
(transacti onDate >= fronDate) and
(transactionbDate <= toDate) );

return sol dltensFronio->select( i | gl obal.books->
includes(i.iten) )->collect( i |
i.ampunt * i.itemprice * 0.05) -> sum);

}

This simple procedure was divided into three quseiet obviously can be much more
compressed. This rather declarative code is tram&fd automatically to UML PIM
model, which is partially shown in Fig. 3. You ma&ge an activity with all
behavioural UML constructs inside. They are thamd¢formed to code acceptable by
ODRA database, sent there and executed. A useamalyse results, call procedures
or execute queries on a resulting object databvasieh is implementing all structures
and behaviours from UML model.

5 Conclusions

In this paper we investigated possibilities of gsidML for executable modelling in
the field of database applications. Due to its panity, rich data model and the
presence of modelling and model transformationstddML seems a promising mean
of development of platform independent executabdelefs. Applying that approach
to applications based on a database brings a isignifchallenge for the development
of model compiler solutions. Investigating the mlodempilers based on a fully
object oriented system eases the development okh®dcution engine and will
allow to find out, how much of the model compilem€tionality is related to data
model differences.

Apart from that, this area of application requipssverful constructs for building
expressions. This brings the need of adapting aptyimg OCL as a query language
for Executable UML PIMs. However, due to the shamings of existing versions of
those specifications, achieving the above outlifi@dctionality needs to involve
research and updates to future versions of thelaten



TS CTETTE T TP U UTUE T U T T
< H <Class> Author
/ <Generalization> Person
=l <Property> pen-name : String
= g2} <Activity> Activity-getincomeFromTo
P & <Parameter> fromDate : Date
P @ <Parameter> toDate : Date
P @ <Parameter> return : Real
= &4 <Sequence Node> MethodBody
[¢] <Variable> self
b ¥ <Add Variable Value Action> SelfVarinitialization
¥ &5 <Sequence Node> CodeBlock
P [¢] <variable> authorsBooks [0..*]
P[] <Variable> solditemsFromTo [0..%]
b %3 <Add Variable Value Action> VariableAssignment-author]
b ¥ <Add variable Value Action> VariableAssignment-soldite
P &8 <Reply Action> ReplyAction
P €0 <Activity Parameter Node> fromDate
P € <Activity Parameter Node> toDate
P @) <Activity Parameter Node> return
P & <Operation> getincomeFromTo (fromDate : Date, toDate : Date)

b E <Class> Person

Fig. 3. A part of PIM repository for BookstoreSystem exaenpl
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