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t. Enterprise Appli
ations are usually developed in the 
ontextof 
ertain frameworks and platforms, for example the Java EnterpriseEdition. These environments determine spe
i�
 software ar
hite
turesfor su
h appli
ations with respe
t to modularization, distribution, andinterfa
e provision, so that the stru
ture of the appli
ations is often verysimilar. However, so far no domain-spe
i�
 models for these ar
hite
-tures exist. In this position paper we propose a domain-spe
i�
 modelfor su
h appli
ations that 
onsiders design information available as metadata in the program 
ode. This will enable graphi
al design, veri�
ation,monitoring, and design re
overy for this 
lass of enterprise appli
ations.1 Introdu
tionEnterprise appli
ations are developed for and run in sophisti
ated server envi-ronments. These usually provide servi
es for networking, persisten
e, modular-ization, distribution, and interfa
e provision that the appli
ations 
an use. Bythis means repeating tasks are shifted into the underlying platforms. Enterpriseappli
ations do therefore usually not 
onsist of monolithi
 program 
ode blo
ks,but of smaller units of 
ode and 
on�guration �les using platform servi
es pro-vided by appropriate frameworks. If server platforms are standardized, like theJava Enterprise Edition (JEE), servi
es and programming interfa
es are inde-pendent from server implementations and a uniform programming model exists.This kind of development in�uen
es software ar
hite
tures of su
h appli
a-tions sin
e developers are in many aspe
ts not free to 
hoose, but bound to rulesdetermined by the frameworks. Ar
hite
tures of di�erent appli
ations are thus inmany 
ases very similar. In addition, many frameworks use inversion of 
ontrol[1℄: Appli
ations have only limited in�uen
e of their life 
y
le; instead, sin
e theyful�ll the purpose to answer requests over the network, they provide de�nitionsof single modules that are instantiated and used by the server. This results inar
hite
tures 
onsisting of well-de�ned modules with entry points published asinterfa
es, so that design information is available inside the appli
ations.Despite these very similar stru
tures, 
urrently no widely-a

epted domain-spe
i�
 models for enterprise appli
ations exist. Most model-driven software de-velopment (MDSD) approa
hes fo
us on deriving implementations from abstra
t



spe
i�
ations with program 
ode generation [2℄. However, this is not yet widelya

epted: The fa
t that abstra
t modeling languages do not 
over implemen-tation details often leads to tuning and amendment of generated 
ode [3℄ andprevents 
ontinuous syn
hronization between models and 
ode [4℄. E�orts tospe
ify detailed information in modeling languages lead to modeling languagesta
ks being as 
omplex as the platforms they are intended to abstra
t from [5℄.Program 
ode of enterprise appli
ations is thus usually 
reated manually.However, sin
e they are often 
omparatively large and used in business-
riti
alsituations, they must meet 
ertain demands to maintainability and reliability.Therefore, models for enterprise appli
ations are desirable to enable e�
ient de-sign, program 
omprehension, veri�
ation, debugging, and even design re
overy.In this position paper we propose a domain-spe
i�
 model for JEE appli
ationsthat uses design information available inside enterprise appli
ations instead ofexternal modeling notations. Thus no in
onsisten
ies between higher abstra
tionlevels des
ribing design information and lower abstra
tion levels of the imple-mentation 
an o

ur, sin
e both are already 
ontained in JEE appli
ations.This 
ontribution is stru
tured as follows: We des
ribe design information inJEE appli
ations in se
tion 2. A model spe
i�
ation based upon this is proposedin se
tion 3. We des
ribe the value of the model for design, veri�
ation, debug-ging, and design re
overy in se
tion 4, and evaluate the approa
h in se
tion 5.Afterwards we 
onsider related work in se
tion 6 and 
on
lude in se
tion 7.2 Design Information in JEE Appli
ationsThe JEE provides development and deployment of server-
entri
 appli
ations [6℄
omprising web appli
ations, interfa
e provision (e.g. with web servi
es), businesslogi
 
omponents, message servi
es, and persisten
e 
omponents. As stated in theintrodu
tion, we 
onsider design information 
ontained in JEE appli
ations topropose a domain-spe
i�
 model. We will thus now explain the JEE's prin
iplesto represent design information, and afterwards des
ribe the spe
i�
 information
ontaining the a
tual design of enterprise appli
ations.2.1 Design Information RepresentationThe JEE spe
i�es two ways for des
ribing 
omponents: For information 
on
ern-ing program 
ode fragments, meta data in the 
ode is used (attribute-orientedprogramming [7℄) whi
h is 
ompilable and available at run time too. In Javathe related 
on
ept is 
alled Java Annotations. Se
ond, design information thatis not related to spe
i�
 program 
ode elements is given in 
on�guration �les,referred to as deployment des
riptors. In general, 
omponents in the JEE are
alled Enterprise Java Beans (EJBs) [8℄ and are usually 
lasses equipped withmeta data so that they 
an be managed and exe
uted by the server.A

ess to design information in annotations and deployment des
riptors isstandardized by the programming language and the JEE spe
i�
ations. Toolsexist that read annotations from sour
e 
ode, for example Java IDEs like E
lipse.



@Stateless
@Remote(IFacade.class}
public class FacadeBean implements IFacade {
    @EJB
    IBusiness dependency;

    public void doSomething() {
        dependency.doSomething();
    }
}

IFacade

FacadeBean

IBusiness

BusinessBean

doSomething()Fig. 1. The 
on
ept of session beans and dependen
ies: At the left hand the 
on
ep-tional view on two dependent beans, at the right hand the implementation of one beanin the program 
ode 
ontaining ne
essary design information as annotations.At run time, annotations 
an be a

essed from inside the appli
ation server bymeans of stru
tural re�e
tion [9℄ and also in the 
ompiled Java byte
ode. Thedesign information is thus a

essible with standardized programming interfa
es.2.2 Business Logi
 ComponentsBusiness logi
 in JEE appli
ations follows the inversion of 
ontrol prin
iple.Single units are a 
ertain kind of EJBs 
alled session beans. They have an im-plementation (the 
lass) and an interfa
e whi
h 
an be simply the programminginterfa
e of the 
lass, a separate Java interfa
e publishing sele
ted methods, or aweb servi
e interfa
e provided by the server. By this means session beans de�ne
ertain fun
tionality of business logi
 that 
an be exe
uted. However, they don't
ontrol a
tual exe
ution. Instead, the server is responsible for re
eiving requests,instantiating the session bean they are targeted to, and forwarding related data.This in�uen
es dependen
ies between session beans, whi
h are spe
i�ed de-s
riptively. This is done with a 
lass attribute annotated with meta data. Thedependen
ies are then instantiated automati
ally too. All session beans are de-�ned with meta data to be valid for single requests, user sessions managed by theserver, or the life time of the whole appli
ation so that only a single instan
e ex-ists. Thus a session bean or a network of dependent session beans is instantiatedby the server a

ording to the life
y
le de�nitions to serve single requests.An example is shown in �gure 1 with two dependent session beans. TheFa
adeBean has an interfa
e IFa
ade published remotely as indi
ated with theannotation �Remote. It 
ontains a dependen
y to a session bean with the inter-fa
e IBusiness as spe
i�ed by the annotation �EJB. The variable dependen
yis inje
ted by the server with an appropriate implementation of the interfa
eIBusiness. With these simple meta data annotations the network of sessionbeans is de�ned so that it 
an be instrumented by the server at run time.2.3 Composition of Appli
ationsSession beans are a vital part of JEE appli
ations sin
e they provide the a
tualbusiness logi
. Therefore they are 
onne
ted to other parts of the JEE envi-ronment. This is always the 
ase for session bean interfa
es that 
an be used
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tural view on the model with layers for web appli
ations, publishedinterfa
es, business logi
, and data models. The 
ore of the model is the business logi
whi
h is 
onne
ted to the other layers.at least from inside the server, for example from web appli
ations on the sameserver instan
e. When interfa
es are published they are handled by respe
tive
ommuni
ation layers provided by the server. By this means remote a

ess tothe beans is possible, with di�erent proto
ols being handled by the server.Business logi
 of enterprise appli
ations is almost every time related to datastored in databases. For this reason the JEE o�ers a persisten
e layer [10℄ thatmaps obje
t-oriented data to databases. This is also mostly 
on�gured with an-notations. The related entity beans are 
lasses 
arrying information about theunderlying relational s
hema, in
luding information about relations between en-tities. Single attributes and methods 
an be de
orated with validation informa-tion [6℄ restri
ting the value range of variables. Both entails that ri
h informationis available about the data model and its possible state spa
es. The mapping toan a
tual data base instan
e is 
on�gured in a separate deployment des
riptor.In summary, business logi
 in the JEE is des
ribed with respe
t to the pro-vided program 
ode fragments and its 
onne
tions to the data in use as well asprovided interfa
es. Appli
ations 
onsist of di�erent modules for web appli
a-tions, business logi
, and persistent data models. These modules 
an be mergedinto pa
kages that 
ontain deployment des
riptors for the modules and are in-terpreted by the servers to start the enterprise appli
ations.3 Approa
hWe have so far outlined the design information that is embedded in program 
odeand 
on�guration �les of JEE appli
ations. Based on this we will now proposea basi
 domain-spe
i�
 model that uses this information systemati
ally.



3.1 Obje
tivesOur approa
h has the goal to apply the advantages of MDSD to Java enterpriseappli
ations. Seli
 de�nes the following to be the �quality of models� [11℄: Ab-stra
tion hides implementation details and thus allows to 
ope with 
omplexity;understandability �nds representations that 
an be understood intuitively andthus with less e�ort; a

ura
y ensures that models represent a real-world systemrealisti
ally; predi
tiveness allows to infer properties from a modeled system thatare of interest, but not obvious, by formal analysis or experiments; �nally, inex-pensiveness is desirable sin
e a system 
an be better analyzed and 
onstru
tedwhen it is based on a model. We will use these desirable properties of models asobje
tives for 
reation (and, later on, as 
riteria for evaluation) of our model.3.2 Stru
tural ViewA visual view on the stru
tural elements of the model is illustrated in �gure 2.The model is stru
tured into four layers: The business logi
 layer 
ontains a
tualbusiness logi
 as session beans and the de�nition of interfa
es at the level of theprogramming language. The interfa
e layer is inferred from the business logi
layer and represents resulting interfa
es of session beans expli
itly. The web layeris part of the model sin
e web appli
ations 
an be part of enterprise appli
ation
ompositions. Although they are not in the fo
us of our model, their intera
tionwith session beans is 
omprehensible. The data layer 
ontains data models withentity beans. Although we will not fo
us on data modeling here, we 
an use someof its properties to determine the state spa
es the business logi
 is using.Figure 2 
ontains a simple example with three session beans: TheCustomerServi
eBean has an interfa
e ICustomerServi
e published as alo
al interfa
e and available inside the server instan
e. In this 
ase it is usedby a web appli
ation running on the same server. In addition, the interfa
e ispublished as a web servi
e a

essible by 
lients over the network. The bean hasdependen
ies to the Persisten
eBean and the ValidationBean. Both have noseparate interfa
es and 
an thus only be a

essed from inside the business logi
.Both use a data model 
onsisting of a set of entity beans.In general, the stru
tural view 
ontains single units of program 
ode forsession beans, interfa
es, and de�nitions of dependen
ies whi
h 
an be used insession bean implementations to invoke methods of other session beans.3.3 Behavioral ViewBesides the stru
tural view, behavioral aspe
ts are represented in the model sin
erelated information is available in dependen
ies and method invo
ations betweensession beans. Thus a request from a 
lient arrives at an interfa
e and results ina sequen
e of method invo
ations. Possible sequen
es are determined by pathsde�ned by the dependen
ies whi
h 
an be visualized similar to UML sequen
ediagrams [12℄ as illustrated in �gure 3. In this example, a request to the method
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trueFig. 3. The behavioral view on the domain-spe
i�
 model. It 
ontains sequen
es ofmethod invo
ations that o

ur when a request arrives at the provided interfa
es.
reateCustomer in the web servi
e interfa
e is handled by the interfa
e imple-mentation in the CustomerServi
eBean and afterwards in the Persisten
eBeanand ValidationBean. Method invo
ations are identi�ed by method names and,in the 
ase of parameter overloading, by the parameter types (not shown here for
larity of the illustration). Methods 
an return values or the pla
eholder void.Of 
ourse, similar to UML sequen
e diagrams, method invo
ations might o

uronly under 
ertain 
onditions, whi
h 
ould also be supplemented in the diagram.3.4 Model De�nitionConsidered at an abstra
t level, the interfa
e layer and the business logi
 layerthus 
onsist of nodes, i.e. session beans and interfa
es, and edges, i.e. dependen-
ies, whi
h are used by method 
alls from one session bean to another. The inter-fa
es thus provide entry points to the model, and invo
ations of these interfa
eslead to sequen
es of method invo
ations in the session bean implementations.We thus de�ne a domain-spe
i�
 model for JEE appli
ations to be a tuple
M = 〈E, I, B, D, S, C〉. E is a set of entry points, ea
h de�ned in an interfa
e i ∈
I. B is a set of business logi
 units that are 
onne
ted by the set of dependen
ies
D ⊆ B×B. E and D imply that, beginning with the entry points, a set of possiblesequen
es S of method invo
ations exists. A subset SUsed ⊆ S is realized asdetermined by method invo
ations between session beans. Ea
h sequen
e s ∈ Sis not always stri
tly linear, but has a set Ps of possible paths that 
an be taken.
Ps de�nes more than one path if 
onditions of the set C apply during methodinvo
ation that in�uen
e the spe
i�
 path a sequen
e takes.This de�nition is 
omparatively simple, but 
overs the spe
i�
ations of theJEE business logi
 on an abstra
t level. It 
an be used to des
ribe the stru
turalas well as the behavioral view on the model, and is the foundation of our proposalfor the appli
ation of MDSD te
hniques to JEE appli
ations.4 Value of the ModelThe de�nition of the model as given above is no value in itself, but must be ben-e�
ial during development of enterprise appli
ations a

ording to the obje
tivesgiven in se
tion 3.1 during di�erent stages of the development pro
ess.



At design time visual design of stru
tural elements is possible, i.e. for sessionbeans, interfa
es, methods, and dependen
ies. When sour
e 
ode is written, thebehavioral view 
an be extra
ted to analyze paths of method invo
ations. Bothviews thus support the design of enterprise appli
ations and at the same timeunderstandability and program 
omprehension. In addition, program 
ode 
anparti
ipate in model-to-model-transformations: When abstra
t models are usedfor requirement de�nition, design, or spe
i�
ation of appli
ations, appropriatetransformations to our model 
an be 
reated. Thus sour
e 
ode stubs of stru
-tural elements 
an be generated or di�eren
es 
an be dete
ted. More important,design information in the sour
e 
ode 
an be extra
ted and transformed to ab-stra
t models if the transformation is bidire
tional. The implementation of theenterprise appli
ation is supported sin
e the visual design is tightly 
oupled with
reation and modi�
ation of the sour
e 
ode. In addition, the implementation isstru
tured by graphi
al representations of sour
e 
ode artifa
ts. The advantagesregarding program 
omprehension and understandability apply here, too.Several ways exist to use the model for veri�
ation sin
e abstra
t spe
i�-
ations are 
onne
ted to implementations dire
tly. The model 
an be veri�edin stru
tural and behavioral views, and in
onsisten
ies between model elements
an be dis
overed. On the implementation level stati
 sour
e 
ode analysis 
anbe applied sin
e sequen
es and paths allow to redu
e 
omplexity with sli
ing[13℄. By this means a possible impa
t of 
hanges and resulting side e�e
ts 
an bedete
ted at the level of the model. For sequen
es, assertions 
an be given so thatmodel 
he
king for the Java 
ode [14℄ is possible. The state spa
e is redu
ed forthis purpose by 
onsidering only a limited set of variables in related methods.When entity beans are used, the state spa
e is further redu
ed sin
e value rangesand relations are limited. When sour
e 
ode is 
onne
ted to the entry points,stati
 analysis 
an be applied to analyse if the interfa
e 
ontra
ts are ful�lled by
lients. In general, single elements of the model 
an be systemati
ally used forannotation with 
onstraints, for example with the Java Markup Language [15℄.At run time design information is also available to a 
ertain degree as ex-plained in se
tion 2.1 and 
an be used for debugging and monitoring. Graphi
almodel representations 
an be re
onstru
ted by means of re�e
tion or byte
odeanalysis and thus support dete
tion of errors, espe
ially when they visualizemethod invo
ations. When 
ontra
ts have been spe
i�ed at model elements forveri�
ation, they 
an also be monitored at run time to dis
over deviations.Finally, when existing systems are abandoned, su

essional systems often re-use existing pro
esses or data to ful�ll the same purposes. This is usually di�
ultsin
e models are mostly used as do
umentation, and as su
h have the tenden
yto get out of syn
 with the running systems when adaption, maintenan
e, andtuning a
tivities have been applied for years. Sin
e our model 
an be re
on-stru
ted from sour
e 
ode and partly even from 
ompiled program 
ode, designre
overy is possible by 
onsidering the stati
 elements of JEE appli
ations.In summary, the domain-spe
i�
 model as proposed here 
an support de-velopment and maintenan
e of JEE appli
ations by di�erent means in di�erentstages of the development pro
ess.



5 EvaluationWe will now evaluate the approa
h by 
onsidering its ful�llment of the obje
tivesde�ned in se
tion 3.1.The model 
ertainly enables abstra
tion for JEE appli
ations. It is basedon information available in the program 
ode, but extra
ts stru
tures that aremore 
oarse-grained and simpli�ed. This is true for the stru
tural view, whi
h isredu
ed to interfa
es, business logi
 
lasses, and dependen
ies, and also for thebehavioral view, whi
h 
onsiders paths through the appli
ation. Design infor-mation in the program 
ode is therefore systemati
ally used to enable workingat di�erent abstra
tion levels. For the same reason, the model fa
ilitates under-standability sin
e the abstra
tion 
an be used to 
reate visual representations asboxes-and-arrows-diagrams whi
h are easily understandable. This is espe
iallytrue in 
omparison to the �traditional� enterprise appli
ation development, whi
h
onsists of manual 
reation of 
ompilation units and distributed 
reation andadaption of meta data fragments in program 
ode.The model 
an also 
ontribute to a

ura
y : With model-to-model transforma-tions and visual representations, the implementation of enterprise appli
ationsis more systemati
 and 
an be partly automated. Usage of the model for veri-�
ation as proposed in se
tion 4 enables predi
tiveness, sin
e appropriate tools
an infer properties of model and implementation at di�erent abstra
tion levels.When su
h tools as des
ribed here are available for di�erent developmenttasks, the development of enterprise appli
ations 
an be less expensive: Model-to-model-transformations 
an be used to generate substantial stru
tural parts ofthe sour
e 
ode. Visual design tools allow for faster 
reation of the stru
tures,and 
an also shorten the time needed for program 
omprehension. The veri�
a-tion me
hanisms 
an help to prevent some 
lasses of errors, and integration indebugging tools 
an fasten the dete
tion of errors that o

ur at run time.In summary, we think that su
h models support the obje
tives and thereforeful�ll the requirements. However, this is so far only a proposal, so that no imple-mentation and no empiri
al evaluation exist. In addition, the model de�nition isso far limited to the business logi
 and does not 
over all JEE spe
i�
ations.6 Related WorkAs mentioned in the introdu
tion, most MDSD approa
hes 
onsider sour
e 
ode aresult of automated derivation from high-level notations. This leads to problemswhen requirements, programming interfa
es, libraries, or integration into existingor 
ustomized sour
e 
ode are not supported by modeling tools. In 
ontrast, we
onsider models that already exist as design information in JEE appli
ations.Thus we do not need round-trip engineering [16℄ between notations sin
e theprogram 
ode 
ontains all ne
essary abstra
tion levels.For the same reason we do not propose domain-spe
i�
 languages (DSL) [17℄with separate notations. Model exe
ution [18℄ is not appli
able sin
e the exe
u-tion of JEE appli
ations is 
ompletely 
ontrolled by the appli
ation server. The



models proposed here are also not derived from abstra
t models and embeddedin the program 
ode [19℄, but use only semanti
s of the JEE framework that arealready available.Sin
e our approa
h relies on well-known program 
ode stru
tures, neitherdesign re
overy [20℄ nor pattern dete
tion [21℄ are appli
able sin
e they aim atdete
ting design information that is not known beforehand and thus work withfuzzy data. For the same reason tool support for program 
omprehension ofarbitrary program 
ode [22℄ is not ne
essary.7 Con
lusionWe proposed a domain-spe
i�
 model for JEE enterprise appli
ations. Thismodel does not rely on any spe
i�
 notation, but 
onsiders design informa-tion that is available in program 
ode of JEE appli
ations, whi
h are basedon attribute-oriented programming with the respe
tive meta data. This enablesworking at di�erent abstra
tion levels, in whi
h we see the potential for appro-priate design, veri�
ation, debugging, and design re
overy tools.The approa
h has been evaluated theoreti
ally with respe
t to desirable prop-erties of models: Abstra
tion, understandability, a

ura
y, predi
tiveness, andinexpensiveness. These are from our point of view given sin
e appropriate tools
an enable program 
omprehension, a

urate implementation of requirements,veri�
ation of the related program 
ode, and redu
tion of e�ort for these tasks.However, the tools are still to be developed to verify these assumptions. In ad-dition, the model spe
i�
ation is not 
omplete, sin
e only the most importantaspe
ts of the business logi
 are 
overed.For the future we thus plan implementations of tools to demonstrate the fea-sibility of the approa
h. For this purpose a ba
helor's thesis is 
urrently writtenat our working group that implements, as a �rst step, the visualization of de-sign information as extra
ted from the program 
ode. We will also 
onsider the
overage of di�erent JEE spe
i�
ations and for thus purpose de�ne the modelmore pre
isely. In summary, we are 
onvin
ed that the approa
h to 
onsider de-sign information in enterprise appli
ation frameworks is promising and want tostimulate dis
ussion about its potential.Referen
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