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Abstract: Declaring constraints or specifying precise behavim UML requires a
standard language of expressive power comparalie teday’'s query
languages. OCL fulfils that role. However, its cdicgted syntax and
inherent complexity of some expressions motivatesarch for visual aids
for expression creation. This paper presents aroapp based on the Query
by Example (QBE) concept and UML object diagramgteA a brief
presentation of the visual language, we focus oscriting OCL code
generation and its subsequent transformation intmose readable and
optimum form.

1 INTRODUCTION

In the VIDE project [1] we aimed at investigatirigetcapability of executable
modelling in the spirit of Model Driven Architeceir(MDA) [2], following the
standardized modelling languages: UML 2.1 [3], with Actions and Structured
Activities seamlessly integrated with OMG OCL 24) ¢xpressions. This resulted in
a textual programming language for precise UML be&ha specification; OCL
expressions being its potentially most complex ttwrents. The visual nature of the
high level UML constructs, inherent complexity ofiet expressions in some
applications and the peculiarities of OCL syntaxtiwated the search for a visual
notation, especially for the expression part of ldreguage. Several attempts and
experimenting led us to a conclusion that the npysimising solution would be
exploiting the well-known concept of Query By ExdenfQBE) [5, 6] and applying
it to UML models.

In this paper we describe a declarative, objearted, QBE-based approach to
visualizing OCL expressions over a UML model ins@rfocusing on the underlying
code generation and query rewriting issues.



2 RELATED WORK

The QBE language was developed in the mid 1970theatBM Research by
Moshe Zloof [6]. QBE is available as a commercBMI product as a part of Query
Management Facility (QMF) interface option to DBZAnother well known
implementation is the QBE part of the Paradox DBM} and became one of the
reasons of its great success. A visual interfaodasi to the original QBE is provided
by Microsoft in its widespread MS-Access DBMS [8]simple and straightforward
textual version of object QBE in pure Java/.NEimplemented in the db4o [9].

3 VISUAL EXPRESSIONS IN OBJECT QUERY BY EXAMPLE

The language design, called Object Query By Exan(P@BE) went beyond the

UML/OCL metamodel [3, 4], providing instead newddmted constructs based on

the notion ofexample of an objectaccompanied byink exampleand attribute

examplé. The actual OCL expression is produced throughtridinsformation of such

an expression model. The functionality, syntax amdivations for design decisions

for our OQBE have been presented in [10]. Herebuafly summarize the essential

features. OQBE introduces a number of new impor&oititions specific to the

object-oriented data model and to OCL. These featunclude:

» Support for both object identity and value companrss

* Returning complex results of nested structureglésin the OCL terminology),

» Dedicated construct for the general quantifiefdrAll iterator operation in OCL),

* Querying clasgxtentsor from variables / attributes visible in the seop

Object examples connected with link examples cpresent respective data structure

examples. An attribute example may play differehs:

» Predicate — if the attribute itself or the result of opeacatiapplied to it (including
various kinds of comparison) provides a Boolean.

» Output element— if an attribute example has tbetputflag attached.

» Sorting criterion — if thesort flag with needed properties is attached.

Before we present a detailed algorithm in the sgiset section, let's describe the

evaluation of an expression declared in OQBE asgaence of the following steps

(disregarding optimizations):

1.Retrieving objects represented by the entry pahtsgraph.

2.Performing joins according to the navigation thrioligk examples.

3.Performing selections according to the constrantthe examples.

4.Sorting the result.

5.Building the final result by performing the project into one or more fields
indicated by the output flags.

Instead of an attribute name an arbitrary OCL czatebe embedded.

Although the readability considerations limit theage of connections between
attribute examples, a simple construct caltmmmparatorwas introduced in order to
represent comparisons between attribute or objyeshples. The figure below (based
on a simple auction site example) illustrates tkgression “return users who placed
a bid in auctions whose seller has a lower ratiag their own”.



user: User : User
== rating == rating
«outpubs

placedBia seller
: Bid : Auction

auction

Figure 1. Comparator, navigation links and object-yped output example

One of the features that make OQBE different frdra traditional QBE
solutions based on the relational model is the labidity of nested structures in
expression result construction. In the textual Ois is realized by nesting
subexpressions inside an explicit Tuple construdtée call its visual counterpart the
nested region

A similar visual construct was introduced for thengral quantifierforAll). From
the example graph outside tiarAll region that is connected with the examples
inside the region, only those instances will bduded in the result for whose all
navigations through the link passing the regionnglauy the condition is met.

«outputs offer

user: User : Auction

—=userName «outputs seller c=name «outputs auctionName

- = endDate  «output» endDate
offer

«for all»

user: User s Auction
«outpube

offer

auctionCategory

: Category
== categoryName = 'Books'

Figure 2. Nested result and forAll region exampleg‘seller with their offer list nested” and
“user who sells books only”)

4 OCL CODE GENERATING PROCEDURE

OQBE can be mapped to a number of query/programr@anguages. In this
project OCL is used and thus OQBE will be mappedrd executed as OCL. Each
OQBE query can be mapped to OCL in more than ong Wwarthermore, not all
OCL constructs can be mapped to OQBE, since itrsovaly a subset of OCL
guerying capabilities. Therefore, the reverse magpirom OCL to OQBE) was not
considered in this project. The mapping procedsigite complex mainly due to the
lack of the join operator in OCL. In the followirge show a workaround, however
the generated queries would be much simpler, ijdimewere present in OCL.



The mapping is constructed in several steps. An PQBery is a directed graph
with vertices representing examples and edges geptiag navigation links and
comparators between examples.

1. We construct the set S being the minimal set ofmgtas such that all examples
are reachable by navigation links from some exasplehis set.

2. For each examplE from the se6we construct a query selecting database objects
described by this example. It has a form:

generator->select(condition)

where thegeneratoris either the extent of the class of the exanipld@ E is not
named) or a variable with the same name as the nameampleE. Thecondition
Is the filtering predicate for the examyiie

3. Next we combine all queries constructed in poimbt®d query, which returns all
possible tuples built from the results of queriesf the step 2. The numberis
the cardinality ofS The stepwise construction of this query is pened as
follows:

query ; = generator  ;->select(condition 1)->collect (it | Tuple {v 1 =it})
query , =query i->collect(it | generator » ->select(condition 2)
->collect(vTemp | Tuple {v 1=itv 4, v 2 =vTemp}))
query , =query .i->collect(it | generator k ->select(condition k)
->collect(vTemp | Tuple {v 1TV v =itV oV kg SV (g, Vo = VvTemp)))
query , =query ,..->collect(it | generator n ->select(condition n)
->collect(vTemp | Tuple {v L =itV LV =ity 2y ey Vg =LV n1,V n=VvTemp})

4. Thenquery, is enriched with fields corresponding to subseg@xamples which
can be reached from currently available (alreadyged examples). Thouery,
always returns tuples witt fields representingh examples. Below we will show
how to add the examplg,.;. Since it is not a member of S, it must be realehab
from S by navigation links. Let us assume tBat; is reachable from examplg
by link namelinkName Let us also denote bgondition,.; the filtering condition
for exampleE,.;. In this step we construct the following query:

querym+1 = querym->collect(it | vi.linkName->select (conditionm+1)

->collect(vTemp | Tuple {v1 =it.vl, v2 = it.v2, ..., vm = itvm, vm+1 = vTemp}))

5. We repeat the step 4 until all examples are adaléaketconstructed query.

6. Then we collect the sorting criteria and add thériha end of the query obtained
after finishing the steps 4-5. The criteria areeatittom left to right starting from
the least significant criterion. The trail addedtih@ query is the following (the
criterion, is most significant, while theriterion, is leastsignificany:

->sortedBy(criterion1)->...->sortedBy(criterionk)

7. Finally we add the collect operator to limit themut to only these items which are
marked as query outputs. The result will be a tublae number of outputs is
greater than 1. Let us assume tbatput,..., output specify the outputs of the



constructed query; each of them is either an exampbne of its attributes). The
trail added in this step is one of the two:

->collect(outputl)

if the number of query outputs is one.

->collect(Tuple{namel=outputl, namer=outputr} )

if the number of query outputs is greater than eviggrename,...name are the
names of items of the output tuple. The narame is either the name given to the
«output» stereotype or the name of the output elefadtribute or example), if the
«output» stereotype is not named.

5 REWRITING GENERATED OCL QUERIES

Queries generated by the algorithm described in giesious section are
verbose and unreadable. They are not intended tortheer developed textually by a
programmer. Even, if it is intended only to be dilgexecuted, it can be a challenge
for the query engine. In this section we will lcgtery optimization methods which
can be used. The rewriting strategies are present¢til, 12, 13, 14]. In case of
generated OCL queries the following methods aratiiely performed:

1.removal of dead subqueries,
2.removal of unused variables,
3.exploiting associativity of the OCtollectoperator:

a->collect(b|c)->collect(d) =
a->collect(b|c->collect(d))

4 flattening of vain collect-Tuple-collect chain:
a->collect(Tuple{v1=v})->collect(v) =
a->collect(v)

5.flattening vain collect-select-collect chain:

a->collect(v|b->select(e)->collect(v)) = a-> select(e)

6.and a rather technical issue like the alpha-coimwes iterator variable names.

The third, fourth and fifth optimisation methodsoab were necessary, because
of some non-optimal syntax decisions made duriegdisign of OCL. If OCL were
improved to be more programmer-friendly, no one Moever think about those
methods. Usually, as the result of optimisationgeé a much simpler query, which
can be further sped up e.g. by using path or ddsdd indices. Most of optimisation
steps are devoted to removal of subqueries whiehirgroduced by the general
algorithm but are redundant in the query at harm gresence of those subqueries is
unavoidable so that we can make the generatiorritdgouniversal and powerful.
This must not be regarded as a disadvantage ofeheration algorithm, since we
have tools which remove unnecessary parts of gestegaeries.

5 CONCLUSIONS

In this paper we have outlined the concept ofdbgct query by exampfer
UML. Contrary to UML as a whole however, OCL is ko to relatively few
professionals, and may pose a barrier for a broadeption for a UML based



programming language. Hence our proposal of a Vilrguage that offers yet

higher level of abstraction compared to OCL. Thetqtype has been implemented
atop of our experimental ODBMS “ODRA” [15]. The eochallenge of this work,

outlined in this paper, is the code generation #asdfurther transformation that

requires applying optimization methods based onitien.
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