Model-Driven ERP Implementation

Philippe Dugerdil, Gil Gaillard

Information Systems Department, Haute école deaest
7 rte de Drize, CH-1227 Geneva, Switzerland
philippe.dugerdil@hesge.ch

Abstract. Enterprise Resource Planning (ERP) implementatimassery com-
plex. To obtain a fair level of understanding of gystem, it is then necessary
to model the supported business processes. Howéeeproblem is the accu-
racy of the mapping between this model and theaa¢achnical implementa-
tion. A solution is to make use of the OMG’s ModEiven Architecture
(MDA) framework. In fact, this framework lets thewkloper model his system
at a high abstraction level and allows the MDA tdol generate the
implementation details. This paper presents ourlt®sn applying the MDA
framework to ERP implementation based on a higkllevodel of the business
processes. Then, we show how our prototype istsiredt and implemented in
the IBM/Rationaf XDE® environment

1 Introduction

Due to the increasing pressure on IT cost and atdimhtion, a growing number of
companies have turned to Enterprise Resource Pig{ERP) systems to build their
core IT system. Formerly limited to big companitbg phenomenon also reached the
Small and Medium Industries (SMI) [21]. It is novidely accepted that ERP systems
provide a viable alternative to custom applicati@velopment for the standard infor-
mation management needs and that it is often supieriterms of quality of the im-
plemented business process [8]. If ERP systems hageme a true alternative to
custom-made IT systems, managers are concerned thieoexcessive dependency it
may leads to the ERP vendor. Seen from the outaid&RP implementation is over-
whelmingly complex. Also, it is seldom the caset e IT team of a customer com-
pany masters all the details of its ERP systenfa¢h when some large modification
must be made to the system, it often requires ¢ fnom the ERP vendor’s consult-
ants. This may lead the company management tdHeeit is “loosing control” over
its IT system. A solution is to provide the managatrwith a model of the system
which would fit its level of understanding and exjse. In fact, the right modeling
level rests at the business process level and gHmilexpressed in some graphical
way. However the modeling tool and graphical lamgushould not bring yet another
level of dependency. This is why our tool and apptouse UML and its extension
mechanism to design the standard business modskngents and semantics. In fact,
an UML extension has already been proposed by &rik& Penker [6] that closely
matches one of the widely used business modelengdatd [4]. It complements the



UML Business Modeling Profile published by IBM [13)e then used the Eriksson-
Penker profile and implemented it in a widely aablé and extensible modeling tool,
XDE® from IBM/RationaP. However, for this approach to be successful, muost
make sure that the model is aligned with what'slemgented. A very promising way
to do it would be to generate the parameterizati@ments from the model itself.
Starting from this idea we then investigated the asthe OMG’s MDA framework
[15,5] to build a semi-automatic ERP customizationl. Starting from a business
process model, the tool then gradually refinesnibelel into increasing level of detalil
down to the database elements necessary to impletmerprocesses on the target
system.

2 Related work

Acknowledging the fact that the mismatch betweenehterprises needs and the sys-
tem customization is one of the reasons for ERRementation failure [22] and that
the proprietary customization language is ofterdharmanage, some attempts have
been made to replace it by some standard graphicgliage. On the other hand, the
need to develop business process models for ERRrmeptation projects is well
known [7]. The Use-Case and Object Oriented (OQ)r@ach to model business
processes has been advocated by Jacobson singedtimineties [12]. Later, the use
of UML as a business process modeling languagebbas widely documented by
IBM/Rational consultants [16,3,10]. But the apptioa of the OO concepts to ERP
implementation has not been proposed until receRtly example Arinze and Anan-
darajan [2] proposed an OO framework to ease teomization of an ERP system.
However, their approach does not really improve ltheel of modeling. It mainly
replaces the proprietary customization languagsdsge OO representation. But the
business processes themselves are not the tartfeiomodeling tool. The modeling
of the business processes in a ERP-independentfdras been proposed by Sheer
[18] who developed the commercial product ARIS [1dpwever this approach yet
reintroduces a level of dependency, not to the Ey@em but to the tool vendor. The
use of the OMG’s MDA framework to model the ent&@prand its processes has been
deeply investigated by Wegman [23]. But his mod&t hot been applied to the de-
velopment or customization of IT systems. Linvatdl &Jsterbye recently proposed
the use of UML to implement an ERP system [14]. deev, it concentrates on the
visual aspects of UML and does not propose any adellogy nor does it use the
MDA framework. On the other hand, Rolland and Psakproposed to use UML to
model the functional requirement of an enterprissystem and to compare it to some
target ERP system [17]. But this work stays atsiecification level and does not deal
with the customization problems. Finally, it is wonoting that the advantage of using
one unigue modeling language, namely UML, for besias well as system modeling
has been advocated by Heberling et al. [9]. But therk does not mention the use of
UML for ERP implementation.



3 MDA and ERP implementation

One of the motivations behind the design of the CM@DA framework is to pro-
mote platform independence when designing IT appbos. In fact, the developer
will concentrate on the platform-independent feaguof his application and will let
the programming environment generate the detaits mmogramming elements ac-
cording to the chosen target platform. The higlesiceptual model, the CIM (Com-
putation Independent Model), is targeted at domaéctitioners [15]. It is sometimes
called the domain model and includes the main qutscend entities of the domain.
Then, by adding the knowledge of the common busipeecesses implemented in
any ERP system one gets the Platform IndependedeMPIM). Although the target
ERP platform should not be considered at this estdge of the modeling process,
one nevertheless knows that the target is an ERferayand not a custom-developed
application. This is consistent with the observatid Almeida et al. [1] that the de-
sign of the PIM should know the “general capalatiof the potential target plat-
form”. In this sense, the MDA framework resemblies best practices in ERP im-
plementation: first design the business procedsetomplemented then proceed with
parameterization [19]. All our models are basedJddl and its lightweight exten-
sion mechanism: the UML Profile. As UML is becomistgndard knowledge for IT
engineers, using our technique will save them tiveldn to learn some proprietary
ERP implementation language. Moreover, our appraachbe implemented in any
commercially available tool which supports the MD#amework, such as
IBM/Rational® XDE®.

MDA was initially intended to generate custom magelications. In this case the last
step of the process, the transformation from thé fl the Platform Specific Model
(PSM), represents the code generation for the ttag&orm. In the case of an ERP,
the system is already implemented. It must onlgdisfigured according to the target
business processes. This amounts usually to theratgon of the parameters in the
ERP’s tables. Grossly speaking, an ERP systerkasalitoolbox of components (vis-
ual and non visual) to enable/disable and tunerdamp to the process to be imple-
mented. This is why the customization of an ERRediffrom code generation: we do
not generate or remove components; we only enatddle components and generate
constraints information for the ERP parameterizagogine to configure the system.
Of course, many ERP customizations include the naraging of some specific func-
tion using the ERP’s integrated programming envitent. This could to a large ex-
tent be modeled as Object Constraint Language (O&byessions. But this very
capability is not covered in the present paper anly target the generation of the
ERP parameters.

4 Steps of the implementation method

To extend the UML language to include the busimeesess modeling we designed a
UML profile that includes some new stereotypes tutjed values [20]. Tagged val-
ues are used to propagate the customization infamamong the MDA models by
the MDA transformations. For example, some of tgged value will tell the system



if a given entity will be enabled or disabled o tiarget system leading to its pres-
ence / absence on the screens.

4.1 CIM and PIM model elements

In the case of an ERP, the CIM and PIM models agebpilt and represent the enti-
ties of the domain model. In fact, the PIM is ig@neratedfrom the CIM but it is
tunedaccording to the target process to implement. elaments of theses models are
business entities represented by Resourcestereotype, which is an extension of the
“Class” metaclass in the UML meta model. According6] a resource is an entity
which is either consumed or transformed by a pmck®reover, a Boolean tagged
value is associated to each of these entitiespgesent the state of the entity: ‘used’
or ‘unused’. Examples of such resources are: inther, currency, invoice or loan.
Figure 1 shows a subpart of the CIM model builbim prototype system.
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Fig. 1. The CIM model

4.2 PSM model elements

The elements of the PSM are specific to each taEf® system. They are imple-
mented as table rows, code units, forms, screedseports (whose parameters are
usually represented as values in table rows). mpoototype, we targeted Adoffix
one of the leader ERP system in the SMI businegmeet. Then, the PSM takes the
form of value of rows in the Adonix tables.



5. Transforming the CIM to the PIM

On of the key feature of our approach is that thedformation rules from CIM to
PIM and from PIM to PSM are themselves represeatediodels. In fact, our goal
with this approach was to make it as easy as fdedsibthe ERP customers to use our
tool to configure their system. Then, the CIM td/Rtansformation is represented by
the high level model of the generic business ptede implemented in the ERP.
This model is used to propagate tagged values thenCIM to the PIM depending on
the state of each of the business process’ taskenVin engineer must configure a
transformation, he will simply select the generiogqess to be implemented from a
library, then select the tasks that must be enafusdd) or disabled (unused) in this
process. For example, if a process is disabled the linked resources will also be
disabled. This will then further propagate to &k fprocesses that use or manipulate
these resources. Next, if a resource representsutipeit of a disabled process, then it
is also disabled and all processes that use th@iree as input will also be disabled.
At the end of this propagation step, any OCL caists that represent specific limita-
tions, initial values, message or time constraintshe CIM must be copied to the
PIM. Figure 2 shows a business process model épaesents the CIM to PIM trans-
formation rule in our prototype system, with its@siated resources, people, informa-
tion and goals.
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Fig.2. Transformation rule: a process model

The business model that represents the transfamatie from CIM to PIM is built
from the following elements.

Business proceqstereotype): represents a set of activities tpdréormed by people.
It may be structured as a hierarchy of sub proces$ere the lowest level is tlae-



tivity. The business process is therefore an extensitmedfActivity” metaclass (fig
3). However, the activities associated to a giveocgess are platform dependent.
Therefore they will be defined when dealing witke tRIM to PSM transformation.
When building a process model, the resources nau$inked to the business process
which manipulates them.

Fig.3. The Business Process metaclass

People(stereotype): represents a “human resource” shassociated to a process. It is
an extension of the “Class” metaclass (fig 4). Ti&@ment is used to define authoriza-
tions profiles over the system (access rights ¢oBRP functions)Goal andinforma-
tion (stereotypes): represent the business goal obeeps and the information re-
quired to perform a process. These elements muksthe to their business process.
For the moment, these two elements are used farnd@atation purpose only. They
both are extensions of the “Class” metaclass (fig 4

Fig.4. The metaclasses for resources

6. Transforming the PIM to the PSM

The PIM to PSM transformation is also representga Inodel. In this case it is the
model of the actual implementation, in the targePEsystem, of the generic business
process used as the CIM to PIM transformation. Trhiementation is represented as
a set ofBusiness Activitgiagrams, each diagram corresponding to one afsies of
the business process. These models are used tiguwenthe PSM model elements
according to the tagged values of the PIM modehehis and the status of each of the
activities of the activity diagrams of the tasks.fact, when an engineer must config-
ure a PIM to PSM transformation, he will simplyesgithe status of the activities in
the activity diagram that represents the businask to configure. The value of the
status of an activity is dependent on the targeP ERstem. For example, one may
have : unused, optional, obligatory, shown,... In figh we represent a business



activity diagram that shows the entity linked taleaf the activities. The figure also
shows a pop up menu that let the configurationreegi choose the status of one of
the activities.
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Fig.5. Business activity diagram for a business process

The transformation process will propagate the \sahfethe activities’ status to all the
attributes of the linked business entities, untesslatter were already disabled by the
first transformation. For example, if the statughe “Payment entry” activity is set to
“Obligatory” then all the attributes of the linkdisiness entity “Payment” entity will
be set to “mandatory” through the addition of a @aperty. From the final status of
these entities, the system will generate the paeméor the target platform. Finally
any OCL constraints will be processed to genetagecbnstraint in the appropriate
target format. For example if, as in Adonix, theg& of the customization process is a
set of tables, a set of generic SQL scripts willexecuted to populate these tables
using a mapping file that holds the mapping froméhtities and their attributes to the
tables’ records.

The activity diagram that represents the transftionaule from the PIM to the PSM
is built from theBusinessActivitystereotype which is an extension of the “Activity”
metaclass (fig 6). A business activity may be pktglata entry, data validation or data
selection. It is linked to the resources it marapes. A tagged value “status” is asso-
ciated to each business activity to representisiee-selected status of the activity (see
figure 5).

Fig.6. Business Activity metaclass

The business activity diagram associated to eadinéss task is ERP dependent.
Then, it must be created for each new target EREopin. Moreover, if the target of
the customization process is a set of tables, ars also create the mapping file from
the business entities to the tables of the tarigaétopm. In figure 7, we summarize the
steps of the transformation from CIM to PIM to PSMing the technique we de-
scribed.
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Fig.7. Summary of the model-based MDA transformations

7. Implementation of the prototype

The prototype of our system has been implementetianBM’s XDE environment
augmented with the MDA toolkit (fig 8). Our own ersion is built as an eclipse
plugin written in Java. When a task of a generisitess process is disabled by the
configuration engineer or if an entity gets disdbly status propagation, it is turned
to another color (red) in the diagram. Then itasyefor the configuration engineer to
see the current status of the customization (fig. 9

8 Conclusion and future work

The goal of this project was to validate the agilitity of the MDA framework to the
customization of an ERP. The use of an ERP systerhe target platform of the
MDA approach brings some unique constraints. FHing,final application is not gen-



erated because it already exists. Rather, it mustofigured or customized. Second,
the process that could be implemented are dependemhat is available on the target
platform. In other words, the spectrum of the passbusiness process to implement
is limited. Third, although the customization laage is specific to each ERP, the
business process to be implemented can be repeesbptsome standard graphical
notation.
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Fig.8. Prototype in the IBM’'s XDE environment

Then we investigated the possibility to use thiapfical notation to generate the
customization constraints. This lead us to defieeMDA transformations themselves
as models (business process and business acti&gyaths) using a standard notation
(BPML, which has been implemented as a UML Prafild)is has the unique advan-
tage to free the user from knowing the peculisgittd some specific customization
language or system. Using this technique, the migtdion is self documenting. The
impact of any subsequent change could then beyeasilyzed at a conceptual (busi-
ness) level. Although our first prototype only cove small subset of the business
processes of Adonix, we have been able to gend¢hateparameters down to the
Adonix tables successfully, only using our graphiwatation. These parameters trig-
gered the correct behavior on the system. The stext in this research will be to
extend the prototype to the other processes aridrticer validate the approach by
targeting other ERP platforms (Microsoft's Navig®). A new topic of research
would be to go the other way around: to generaéiph level (business) view from a
given ERP implementation. Although one could alyefodesee the many difficulties
of this endeavor, the present research has shawe path toward this goal.
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Fig.9. Business process with disabled elements
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