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Abstract On the other hand UML providesraulti-diagram viewen-
abling description of a software system from different per-
The size of Unified Modeling Language (UML) models spectives. The multi-diagram view causgsss—diagram
used in practice is very large and ranges up to hundreds relationshipg/4] which can result in inconsistencies of mo-
and thousands of classes. Querying of these models is usedels. Therefore model querying is important, as it provides
to support their quality assessment by information filtgrin  information aggregating and filtering enabling easier dete
and aggregating. For both, human cognition and automated tion of model flaws. For both, human cognition and auto-
analysis, there is a need for fast querying. In this context mated analysis, there is a need for fast querying. In partic-
performance of model queries becomes an important issueular, fast feedback is desired for automated improvement of
We investigated performance characteristics of two differ models using techniques from search—based software engi-
ent querying engines: one using the Object Constraint Lan- neering (SBSE) [8]. In the case of SBSE, efficient queries
guage (OCL) and the other using Prolog. Our comparison are needed to realize the fitness function. In this context
is based on equivalent queries in both languages. We ap-performance of model queries becomes an important issue,
plied the queries to 118 models of a size up to 10000 classesvhich impacts the usability of queries in the model valida-
to analyze model load and evaluation time. Our preliminary tion and verification process.
results show that if execution time of queries is linear then  In general we distinguish two approache&fidL model
Prolog is faster. For one of the presented cases, the execuquerying In the first one, UML models can be queried
tion time in Prolog was nonlinear and thus higher. Further based on their original representation by means of model
studies should focus on a performance analysis reflectingquery languages. In the second one UML models have to
expressiveness aspects. Our experimental material is acbe mapped to another representation and queried with an
cessible to enable future replications of this study. appropriate query language. We investigated model query-
ing with Object Constraint Language (OCL, [11, 14]) and
Prolog [12], as representatives of the two approaches.

1 Introduction
Model Querying with OCL  We selected OCL as repre-

sentative of model querying languages because of its ex-

The Unified Modelling Language (U_ML) is .commpnly pressiveness and its growing popularity. Despite the fact
accepted as a standard language for object-oriented @nalys, ot oL was originally designed for expressing constsaint

and design of software systems. This fact has the following ;p 0.t a UML model, its ability to navigate the model and

consequences. Many tool vendors are interested in provid+om colections of objects, caused its usage as a query lan-
ing support for UML, what causes its broader usage also '”guage\[l]. Usage of OCL has begun to exceed its original
industrial projects, wherkarge scale modelare used. The purpose even further and OCL can be used as a basis for
size of industrial models ranges up to hundreds and thou-; . imber of different languages [2]. For example, OCL is
sands of classes [9], hence scalability becomes an issU€y pase for the Query/Views/Transformations ( )/%tan-

*The research herein is partially conducted within the coemmt net- dard. In 0.ur recent project we have SucceSSfu”y beer.] using
work Softnet Austria (www.soft-net.at) and funded by thesian Fed- OCL 2.0 in model assessment [6]. However, OCL is un-

eral Ministry of Economics (bm:wa), the province of Styrise Steirische der continuous improvement to support new aspects, the ex-
Wirtschaftsfrderungsgesellschaft mbH. (SFG), and the afityienna in
terms of the center for innovation and technology (ZIT). 1QVT specification at http://www.omg.org/
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pressiveness of OCL as a query language is no more a crit- The goal of the experiment wagserformance analy-

ical question. The OCL becomes widely supported by by sis of model queryingwith two different query evalua-
commercial and non—commercial modeling to0ls [3]. Thus tion frameworks. Beside the performance comparison we
a new question arises, the question about performance chamwould like to observe aspects typical for individual query
acteristics of OCL. We are especially interested in perfor- languages.

mance of OCL in the context of model querying. To the We conducted our research aslaboratory experi-

t)hest of outr k_lr_mr(])wlledge,ftherfe are no sttuilles !nvestlgagnbgment [16]. In the experiment we observed dneependent
IS aspect. The /ack ol periormance studies 1s cause yvariable namely the evaluation time and how it reacted on

a few reesortls. Thteh OCL;E’EC”'EM'O”S ﬁre C:'art;gmgfrro:nghanges of thredependent variablesmiamely model, query
one version to another and the changes have to be reflected | ' o\ -\ . ation frameworks.

in OCL interpreters. There are no dominant interpreters for o o _
OCL and no benchmarks to compare the performance of ~Evaluation timeof queries is measured in terms of run
tools. There are first signals that the performance of OCL time in milliseconds (without I/O operations).

beeomes an interesting topic, as the first studies on optimi- 5 set of modelsof a similar structure and different
sation of OCL, e.g. [10], appear. sizes was generated with a developed model generator (sec-
tion[3.1). We decided to use generated models rather than
Model Querying with Prolog  Prolog is a declarative pro- models from real projects, as in the second case it would be
gramming language based on the logic programming pa-difficult to control model characteristics (structure iz

radigm. Due te its rgle based approach, _it has success- A set of querievas selected and implemented by the
fully been applied to implement query engines for query authors. In our choice we decided to compare queries of

!anguageg basedhon varl(%‘s o_l_at? ?Odeﬁ' e.g.hfor dU€MYihe same semantics instead of comparing queries of similar
ing RDF data with SPARQL Sbrrle has shown that Pro- o\, ,re We ran the experiment for eight queries. These
log can also be used to query large scale industrial software

dels 13 | » del ind dent f gueries are relevant for model analysis and are of different
models [13]. Prolog provides meta-model independent a'complexity and structure. However, due to space limita-

cilities to implement query engines for many different prac tions we have to limit the presentation in this paper to three

tlc_ally relevant modellng languages such as UM_L or Event— queries. The selected queries are representative in terms
driven process chains (EPC). Model elements in these lan-

b ; di ¢ . | p of type and results for the entire set of our queries. The
guages can be transformed into facts in Prolog an CaNsimplest queries return a single value by element counting,

then be checked with Prolog rules and queried with Prolog e complex ones return collections of elements according
queries. Therefore, Prolog allows for the implementatibn o given selection criteria. The most complicated quekes r

ageneric and powerful querying approach for _software mo- quire recursive calls of methods or predicates.
dels. Since the 1980's there have been many improvements

on the performance of query execution in Prolog ([7].[5]) Evaluation.fremeworkwere .selected to represent query
which lead to the implementation of performant Prolog in- languages originating from different paradigms. We se-
terpreters, such as SWI—Prafoghich has been used in the lected OCL as "a formal language used to describe expres-

experiment presented in this paper. sions on UML model”[11] and Prolog as a general purpose
logic programming language, for which UML models have

to be converted to an internal representation (section 3.3)
Our selection criterion was usage of interpreters in aca-
demic applications. Therefore we have decided to use SWI-
Prolog (section 3]3). Based on our observation made dur-
ing MODELS’2006 and 2007 that the number of research

projects using or developing Eclipse Modeling Framework

Technologies is increasing, we predict that the OCL inter-

preter provided by Eclipse (sectibn 3.2) will become popu-

2 Experiment description lar in academic projects soon.

Paper structure The rest of this paper is organised as fol-
lows. In the next sections we present our experiment at con-
ceptual (sectioh 2) and technical level (section 3). Next we
present results of the experiment (section 4) and we con-
clude our work (section]5). Additionally, in the appendix
we give source code of all queries used in the experiment.

At this point we have to stress that language performance
In this section we describe the design of the conductedstrictly depends on quality of its compiler or interpreter.
experiment, in particular its goal, the type of the experi- Thys the results are typical for these particular integusst
ment, and the dependent and independent variables. as a consequence they cannot be generalized for the lan-
2http: /] . swi - prol og. of g/ packages/ SeRQL/  imple- guages. However, the selecti_on of other interp_reters would
ments SPARQL support for SWI—Prolog not change the order of magnitude of time required for eval-
3http: //www. swi - prol og. or g/ uation, the results can differ in details.
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3 Experiment environment model elements are created by dedicated methdts the
experiment we used the configuration presented in Table 2
In this section we describe all software and hardware set-to generate 118 models up to 10000 classes.
tings of our experiments. Simple UML models, contain-

ing class and object diagrams, have been gengrated with a Table 2. Experiment configuration

model generator developed by the authors (section 3.1). The abr. used values interpreted in a model

model queries were expressed in OCL and Prolog and eva- NoC  1-10000 1-10000

luated by the OCL interpreter (section 3.2) and the Prolog éc 22% 55%; Off’\lil‘)%

. . . . en 0 OT NO

interpreter (sectian 3.3), respectively. A_II experimenese NoAt 10 0-9 attributes per class

performed on the same computer (section 3.4). IpC 10 0-9 instances per class
NoAs 5 0—4 associations per class
NoS 80 80% of attributes per class

3.1 Model Generator NoL 80 80% of assocations per class

For the representation of the models we used the XMl
standard version 24land the UML schema version 2.6.0 3.2 OCL Evaluation Suite
provided by Eclipse. Technically the UML APhas been
used to create the model in the heap and save them later as |n our study we used an OCL interpr@teirom a

XMl representation in UML files. project within the Eclipse Modeling Framework Technol-
For the experiment we created models with following el- ogy (EMFT?). We developed an OCL evaluation suite as
ements: PrimitiveTypes, Classes, Generalizations, At- a front end for the interpreter. The major requirements for

tributes, Associations, Instances, Slots andLinks. The  the evaluation suite were reproducibility of results arghhi
model generator enables generation of parametrised angevel of automation (batch mode, results logging). The sec-
randomised models. The parameters for model generatiorond requirement was crucial as multiple query evaluations
are described in Table 1. were a time consuming task. To satisfy these requirements
we developed a command line program enabling evaluation
of expressions against a UML model. TB&LTestSuit-
elmpl is configurable with four input parameters and two
input files.

After execution theOCLTestSuitelmpl prepares the

Table 1. Configuration parameters for the
model generator

abr. name description ’ ’

NoC Number of The main input factor. It determines the size OCL enV|ronme_nt (EMFT)' r_eg|3ter5 the UML meta
Classes of the model. model and registers all defined OCL methods from

AC Abstract Determines abstractness rate, when ex- the defines.ocl. After that the model with the
t%'r""ss Fac- pressed as percentage it equals 100%/AC. nameautogenerated-model-(NoC)-(MSN).uml will be

Gen GeneralizatioBxpresses the probability (1/Gen) for each '93ded, where a number Qf C|&SSG§QC>) and a model se-
Factor class to have a generalization. rial number (MSN)) are given as parameters. Each expres-

NoAt  Number of  Determines the range (0..NoAt-1) for a num- sion in theexpression.ocl file will be evaluated against the
Attributes  ber of generated attributes, itisrandomly de- - oqe|. For each execution it is possible to define the num-
Factor cided how many attributes will be created. b f luati inst th del (si f | |

IpC Instances  Determines the range (0..IpC-1) for a num- er or eva ua.‘ lons agaln's € moae (Slze ora CYC e).' n a
per Class ber of generated instances per class. case of multiple evaluations, the average execution time is
Factor _ regarded. Each execution is logged into the lod/fiend

NoAs  Number — Determines the range (0..NoAs-1)foranum-  the result to a result file specifically for that executioneTh
of Asso- ber of generated associations per class. L. . .
ciation repetitions parameter determines the number of evaluation
Factor executions.

NoS Number of Determines the percentage of slots (NOSF%)
Slots Fac- which are created for one attribute. 3.3 Prolog Evaluation Suite

tor

NoL Number of Determines the percentage (NoL%) of links . . . .
Links Fac- which are created for one association. We have |mplemented an evaluation suite in SWi-

tor Proloégﬁ which has the same input and output interfaces

“additional description can be found at http://squam.irdo/dapers/
In the generation process, the model and all types of Opoka2008UMLModelQueringppendix.pdf and the generator can be
downloaded from http://squam.info/source/performance/
4htt p: // schema. ong. or g/ spec/ XM / 2. 1/ 8http: // www. ecl i pse. org/ enft/projects/ocl/
Shttp: //ww. ecl i pse. org/um 2/2.0. 0/ UM/ °http://ww. eclipse.org/enft/
Sorg.eclipse.uml2.uml %ht t p: // squam i nf o/ sour ce/ per f or mance/
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as the OCL evaluation suite mentioned above. We just useEach query is at first presented in an informal way where
ISO—compliant functionality of SWI-Prolog so that our we describe when it can be used. Next we present its imple-
queries can be executed on any other ISO—compliant Prolognentations in OCL and Prolog and the corresponding list-
interpreter. First we import the test model from XMI format ings are given in Appendix A. After the presentation of a
into Prolog facts stored in Prologs in—memory database.query we analyse its performance characteristics.

Therein each fact is represented in the following manner:

nodel : me( et acl ass#id,[tag-value,...]). 41 Qt:
We thenusé i ndal | queries which allow for formulating
efficient queries on the Prolog database (see section 4 and

Appendix A for examples of such queries) to compute

desired results. Each test model is loaded, its internal Query Q1 is an example query determining model size.

representation is exported, then it gets asserted and alfuch @ query can be used in project management, e.g. for
queries are executed on it one by one in a failure—driven estimation of effort of the implementation. However, the

loop which enforces backtracking and therefore frees Auery could be formulated in different ways: in case other
memory for each query. Finally for every test model the elements have to be counted, the general structure of the

Overall number of model ele-
ments

query results and the runtime parameters are logged. query would remain the same. .
For our models we decided to count all elements, i.e. the
3.4 Hardware and Software Settings following types are taken into consideratio@lass, As-

sociation, Instance Specification (object and link),In-

To make results comparable the applications have beerstance Value, Literal, Primitive Type, Property (associa-
executed always on the same machine with the same hardtion and attribute)Slot, andModel.
ware and software configuration (Table 3) and with a mini-  This query is interesting because of two reasons: the first
mal load of the operating system. is related to the characteristics of the model generation al
gorithm, and the second to our performance study. The re-
lation between number of classes and number of model el-

Table 3. Hardware and Software Parameters ements describes a characteristic of created models and the

Parameter Value

CPUG) 1x3.20GHz developed generator. The query is interesting from the per-

RAM 1015MB DDR-SDRAM formance point of view, as it requires an iteration over all

Operating system Microsoft Windows XP (2002) Pro- models elements. The main reason for the difference in the
_ __ fessional 5.01.2600 (Service Pack 2) evaluation time is the way of model representation in both

Java _Vlrtual Machine 1.6.Q frameworks.

OCL interpreter Version 1.1.0.v200703301439

Prolog interpreter SWI-Prolog 5.6.34

Number of classes to number of elements relation The
3.5 Remarks number of classes (NoC) is a parameter of the model gener-
ation algorithm and, for a given configuration (Tables 1, 2),

In Table 4 we compare main characteristics of the eval- the number of model elements depends on NoC. In the con-

uation suites described in sections 3.2/and 3.3. Both frame-iguration of the experiment (Table 2) the relation between
works use the same input format for models and convertnumbemf classes was linear up to the randomisation factor

models into internal representations. Note that for Prolog (Fi9:/1)- A change in generator parameters would change

the representations of models and queries are uniform. a proportion factor, but the dependency will remain linear,
unless the generation algorithm is changed.

Table 4. Some characteristics of the suites

Number of classes and elements Number of classes and elements

| ocL Prolog 35000 s50000

model external format XMI/UML 2 30000 £ 300000
model internal format | EMF Prolog % 25000 % 250000
auerylanguage | OCL PO - L o
platform Eclipse, Java  SWI-Prolog g 10000 % 100000
2 5000 2 50000

0 0
0 250 500 750 1000 0 2500 5000 7500 10000
number of classes number of classes

4 Experiment results
Figure 1. The relationship between number of
In this section we present results for three queries (sec- classes and elements (as evaluated in Q1)
tions4.1-4.3) and additionally for model load (section) 4.4



For the following diagrams we decided to use the num- method. We made an additional experiment with the
ber of elements as a model size factor instead of the numbemethod called sequentially and nested. Results of this ex-
of classes. However, a character of dependencies in the folperiment confirmed that additional sequential calls ingeea
lowing diagrams would be the same for both metrics, the the slope of the function but its linear character is presgrv

first reflects an actual size of models. Thus the sequential calls can be considered as harmless. In
opposite, nested calls should be used very carefully, gs the
Q1 in OCL For Q1 we defined OCL methothodel- results in exponential evaluation time. In our opinion, in

Size() in the Package context (Listing 1 in Appendix A). practice the nested calls are not necessary to use.
In this method sets with elements of desired types are cre-
ated and their magnitudes are added. To collect particu-4.2 Q2: List of all classes with a given

lar types of elements we usediinstances() method and number of associations
ownedElement attributes.
We observed that the methaﬂlnstances() requires rel- Query QZ represents a more Comp|ex query WhiCh, if

ative long evaluation time. The query could be optimised by slightly changed, can be used to check if modeling guide-
definition of collecting methods for each type of elements. |ines are adhered to. With such a query one could find all
Optimisation could lower the evaluation time but the query classes which have too many or too few associations. The
would be less general and an additional programming effortquery can be extended with additional restrictions, like in
would be necessary to define the collecting methods (se&ormation about packages or stereotypes, to support more
Listing (3 in[Appendix A for example method for classes complex guidelines.

collection: getAllClasses(), the method is specific for the

enerated model structure).
g ) Q2 in OCL For query Q2 we defined three methods

which were split only for the sake of readability (Listing 3
in|Appendix A). The first method defined in contéXass,
namelygetAssociationsFromClass(), is an auxiliary one
and enables collection of outgoing associations from afset o
properties owned by a given class. The other methods are
defined in contexPackage. The second one for collect-
The execution time of Q1 For both query languages the ng all classes, namegetAllClasses(), is an example of
evaluation time of query Q1 was linear (Fig. 2). The evalu- dedicated collecting methods for elements of particulpety
ation of Prolo@ was significantly faster. The evaluationin  (as mentioned in section 4.1). This method is specific for
OCL was slower because of separate and repeated iterationghe structure of generated models and does not reflect full
over different types of elements. In Prolog it was possible range of classes occurrences, such as e.g. nesting oflasse
to collect all types of elements with a single predicatesThi  And the third method namelyetClassesWithNumberO-
difference in evaluation is caused by the difference inthe i fAccosciations(...), collects at first all classes and selects a

ternal representation of models. In EMF models are storedsypset of classes with a given number of outgoing associa-
as a structured collection and in Prolog as a list (as de=ttrib tjgns.

in section 3.8). For this type of query the representation as
list is more effective.

Q1 in Prolog The first query can efficiently be executed
by onefindall predicate to generate a list of all model ele-
ments and by then determining the length of that list calling

thelength predicate (see Listing 2 in Appendix A).

Q2 in Prolog Q2 is the most time consuming query in

Exluaton e of Q1. inProlog and OCL Ealuaton me of Q1. inProog Prolog. This is mainly caused by calculating the list of all
0 I Pigs zgg Profog classes which occur exactly two times in the multi—set of
2500 200 all classes that have associations. In more detail, theyquer
o 150 works as follows. First, the identifiers of all classes that

100
50

1000
500 |

evaluation time [ms]
evaluation time [ms]

have associations are queried via the association model ele
ments holding those identifiers. Then the predigatedup

0 0
0 100000 200000 300000 400000 0 100000 200000 300000

model size [elemen] model size [elemen] determines all classes in that list which occur exactly two
times. Finally, the names of theses classes are determined
Figure 2. The execution time of Q1 with afindall predicate (see Listing 4 in Appendix A).

‘Query Q1 was in general the slowest query in OCL and The execution time of Q2 For query Q2 evaluation time
this is because of multiple usages of takinstances() in OCL was significantly shorter than in Prolog (Fig. 3).

Hfor Prolog not all models could be evaluated, see settionat.éx- Moreover, the eyaluation time in OCL is linear and in Pro-
planation log it is quadratic.
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Figure 3. The execution time of Q2
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evaluation time [ms]
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0 100000 200000 300000 400000 0 100000 200000 300000
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In general query Q2 was the slowest one in Prolog. The
evaluation time grows quadratic because the complexity of Figure 4. The execution time of Q3
its bottleneck, the computation of those classes whichroccu
exactly two times in a class list is quadratic. The query in OCL is relatively fast despite the fact of
recursive calls of the methddiTantiCycle(...). This is be-
4.3 Q3: Maximal depth of the inheritance cause of two reasons. First, the method is not complex and
tree fast. And secondly, the number of recursive calls is limited
by the depth of the inheritance tree and in fact quite low.

Query Q3 is a non—trivial query as for its evaluation the
whole inheritance tree must be examined. Similar to query4-4 Model load
Q2 it can be used to control if modeling guidelines are ful- . . ) .
filled. The depth of the inheritance tree is used as a typical Beside the time required for query evaluation one should

metric in object oriented modeling or programming. also analyse time_required to load a model from a_file to a
memory. Depending on a modus of query evaluation, this

) o ) preceding action can be more or less crucial. If the model
Q3in OCL Query Q3 was splitinto three methods (List- 5p51ysis take place in a modeling tool and models are al-

ing[5 in[Appendix A). The first one had to be separated g5qy in an appropriate form (i.e. EMF for OCL queries)
because of its recursive calls, and the second and the thirdy,on"the load time is not relevant. If a model needs to be
were split only for the sake of readability. loaded only once at the beginning and after that all queries

The first method defined in contefass, namelyDI- are evaluated then the load time is not critical. Otherwise,
TantiCycle, enables navigation from a given class up 10 the e |oad time has to be included in the evaluation time of
top of the inheritance tree and counting of levels. The infor queries.

mation on visited classes is saved, thus when the same class Figure[5 illustrates loading time in both frameworks.
is met the method stops. It is necessary to avoid looping inpywever, order of time is similar for both interpreters (3

case of cyclic inheritance relations. seconds for the biggest model loaded in the Prolog frame-

The second method defined in contBeickage, namely \yorks), there are some interesting observations related to
getDepthsOfThelnheritanceTree(), collects results from  ;4qividual frameworks.

the first methods for all classes.

The last method also defined in conteRackage, Model loading time and model size Model loading time and model size
namely getMaximalDepthOfThelnheritanceTree(), se-  Soooo e
lects the maximum among collected inheritance tree £ %% E o
depthdepth values. g oo H oo
g 20000 8
< 10000 < 5000
Q3in Prolog Q3 is the query which has the most com- %0 2000 4000 6000 E000 10000 %6 2000 4000 6000 8000
plex formulation in Prolog. First, the query finds all pairs (a";"ée'csfe (elass) (b)m;drzrg;“'“sl
of classes and its superclasses and then splits them in su-
perclasses and classes list gigperclasses and classes Figure 5. Model load time depending on num-

predicates. Then the set of all root elements of the inher-  per of classes

itance trees are determined via thé@ predicate. Then all

inheritance lists (up to its first cycle) are determined with

thegen predicate, finally the maximal length of those lists

is computed via thenax_length predicate (see Listing 6 Observations specific for OCL An important observa-
in|/Appendix A). tion is that the model load from the EMF representation in



a file to its representation in memory is non—linear. One Results The main observation is that the list representa-
could expect that it should be proportional to the number tion of models, as used for Prolog, is more effective for
of elements. We assume that the deviation from linear de-queries collecting or selecting elements based on their di-
pendency is a result of additional time required to create rect properties (like Q1). On the other hand model represen-
relations between elements. To create relations proper eletation reflecting original structure of models togetherhwit
ments must be selected from model elements and this openavigation abilities of a query language, as in case of OCL,
ration takes more time for bigger models. Moreover, due enables faster evaluation of queries based on properties of
to their big size, models have to be partially stored in swap relationships between elements (like Q2). More detailed
memory and this fact slows down the load process. results are presented in sections dedicated to evaluation o
particular queries and model load time. Our experimental

Observations specific for Prolog The local stack, usedto  Material is _accessiple on-line to enable future replicatio
store the execution environments of procedure invocations and extension of this study.

the global stack, used to store terms created during Psolog’

execution and the trail stack, used to store assignments durFuture work  Future studies on performance and expres-
ing execution, are limited to 128 Mbytes on 32 bit proces- siveness of both languages could provide application guide
sors [15]. On 64 bit machines these stacks are practicallylines for OCL and Prolog queries in model analysis. Such
unrestricte®. Therefore the modelsize in our internal rep- guidelines could help tool vendors to decide which rep-
resentation mentioned above which can be handeled is reresentation and evaluation of models and queries is better
stricted to roughly 32 MBytes. In our test configuration this suited for types of analysis to be implemented.

corresponds to models with roughly 8000 classes (250.000

model elements). This dpes not limit thg practi_cgl usage Acknowledgement

of Prolog because according to our experiences it is always

possible to restrict model size by a projection on its retéva
parts for specific queries. We will further implement pro-
jection operations in future implementations of our Prolog
framework.
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tion to the optimisation of Prolog expressions.
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Appendix A Source code of model queries

Below source code for all queries expressed in OCL and
14

Prolog is provided.

Listing 1 (Q1 expressed in OCL)

package uml context Package
def: modelSizg) Integer =
Class. alllnstances (}> size ()
+ Slot.alllnstances (> size ()
Association. alllnstances (3> size ()
InstanceSpecification. alllnstances &> size ()
PrimitiveType . alllnstances (}> size ()
Class . alllnstances (). ownedElement size ()
Slot. alllnstances (). ownedElement> size ()
+ 1 — Model itself
endpackage

+ + + + +

Listing 2 (Q1 expressed in Prolog)

size(Num) :—
findall (I1d ,me(-,-), IdList),
length(ldList ,Num).

Listing 3 (Q2 expressed in OCL)

package uml context Class
def: getAssociationsFromClag$
self.ownedElement
—> asSet()
—> select(a| a.ocllsTypeOf(Property))
.oclAsType (Property)
.association
—> select(a| not (a=null))
—> asSet()
endpackage

Set(Association) =

package uml context Package
def: getAllClassey) Set(Class) =
self.packagedElement
—> asSet()
—> select ( t|t.ocllsKindOf(Class))
.oclAsType(Class)
—> asSet()
def: getClassesWithNumberOfAssociatiof$oA: Integer)
. Set(Class) =
self.getAllClasseq)
—> asSet()
—> select( ¢ | c.getAssociationsFromClag$
—> size () = NoA)
endpackage
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Listing 4 (Q2 expressed in Prolog)

classeqCNList) :(—
findall ( Clsld ,getme (end-Clsld , assoc#,_),ACList),
get dup(ACList, ClsldList),
findall ( CN,( getme (nameCN, class#ld, _Atts),
memberchk(ld , ClsldList) ), CNList)
get.dup(List, Result)—
msort(List, SortedList),
list_to_set(SortedList, Set),
sublist(dup(SortedList), Set, Result).

Listing 5 (Q3 expressed in OCL)

package uml context Class
def: DITantiCycle(list:Set(Class))
if self.hasGeneralization ()then
if list—includes(self) then 0
else 1 +
(self.generalization.general.oclAsType(Class).
DITantiCycle(list—union(Sefself}))
—> asSet()
—> asOrderedSet ()
—> at (1))
endif
else 0
endif
endpackage

Integer =

package uml context Package
def: getDepthsOfThelnheritanceTrd$ :
self.getAllClasseq)

—> collect(c Class| c.DITantiCycle(Set{}))

—> asSet()

def: getMaximalDepthOfThelnheritanceTrég : Integer
self.getDepthsOfThelnheritanceTrég
—> iterate (elem:Integer; result:Integer = 0

| result.max(elem))
endpackage

Set(Integer) =

Listing 6 (Q3 expressed in Prolog)

depth (Num) =

findall (Gld—Cld, getme(ge-Gld,class#Cld,_),CSList),
superclasse6CSList, SList),

classeq CSList, CList),

init (SList,CList,[],initList),

gen(initList ,CSList,[], Chains),

max_length(Chains ,0,Num).

init ([],.,CList, CList).

init ([X|GList],CList,CList, IList) —
membel(X, CList) —> init (GList, CList,CList, IList);
init (GList, CList,[X|CList],IList).

gen([], -, Chains, Chains).

gen([X]|List], PairList, CollectChains , Chains)—
transitivelList (X,X, PairList ,[], Chain),
gen(List, PairList ,[Chain CollectChains], Chains).
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