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Abstract: Traditional business models are primarily used in the initial phases of
BPR or ERP projects. They are slatic represeniations of systems requirernents and
business procedures, but have proven less useful in supporting the actual use of the
systems. With the Model-Driven Busimess Management (MDBM)} approach,
dynamic and adaptable business models constructed as part of the implementation
project are alterwards used (o access the svstem and monitor the real business flows.
Cructal to the whole approach 1s the provision ol advanced modeling capabilities
and linguistic techmigques for exposing the semantics of the models and case the use
of potentially complex business models.  In this paper, we present the linguistic
aspects of the MDBM approach and discuss how the Tingwistic part and the
modeling part ol MDBM mutually support each other.

1. Introduction

Enterprise Resource Planning (ERPY systems integrate and streamline the business
processes ol an orgamization across departmental and geographical borders.  Besides
having fully integrated databases of business data, they automate and suppott the business
functions with modules for functional areas like finance and materials management, A
characteristic of LRP systems is that they are delivered with pre-implemented modules
that only have to be customized to the particular needs of the organization,

In most 1ERP projects, the organization is reengineered either before the project is
initiated or as part of the project. Principles from BPR [HC93] or TQM [Ju88] have been
widely used in these projects. Common to these reengineering efforts is the idea that the
organizations would benefit from a stronger process orientation.  The LRP technology
makes this possible, and most large and midsize companies today employ cross-functional
IKRP solutions to support their business processes [GMSY9, VHW00].  An important
activity in these IRP projects is the modeling of current and future business processes.
The models facihitate the cxchange of information between the project members, and they
provide the means [or documenting and analyzing the structures and processes of the
organization.

0w, Gulla is alse the managing director of Flexiv Sprach- und Informationstechnologic, a subsidiary of Fast
Suarch und Transler, in Munielh, Germany.
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Figurc 1. The Business Cngincering pyraniid

‘The Business Engineering pvramid in Figure | illustrates the way information
technoloey penetrates modern organizations. At the bottom tier, individuals use stand-
alone tools to perform or automate specific tasks. At the worktlow tier. ERI systems
enable the organization to implement new and improved business processes. Similarly,
various types ol information syslents are introduced al the performanee tier to monitor the
performance of the organization and report key indicators o the management. Vertically.,
the tasks need to fit into the processes and the processes must address the performance
indicators and cnable their monitoring. TFor the simplicity of this paper, we will in the
following refer to all systems at the two upper tiers as ERI® systems.

1t should not come as a surprise that business modeling in ERI® projects is extremely
demanding. The ERI system encompasses several functional areas, and there is usuvally
no single person that has the full overview of the whole svstem. When modeling the
business, both functional and organizational issues need to be taken into account
|[GAVO0]. The models address intricate needs at all three levels of the business
engineering pvramid, making them both complex to construct and difficult to use in the
subsequent design, testing and training phases.  Tn practice, there are oflen inconsislent
variants ol the business model around, and the whole business is not completely modeled
[GT00O]. Still, it is commonly accepled that modeling is & necessary activily of any TIRP
projects, and the challenge is then Lo make the most out of the business nmodels.

Tn the rest of this paper., we discuss an approach to business management that
combines advanced modeling technigues and linguistic resources with ERP environments.
Whereas Scetion 2 explains the main principles of Model-Driven Business Management
(MDTM), we present the overall architecture of the linguistic parl of cur model-driven
SAP environment in Scelion 3. Scetion 4 s devoted to the linguistic lechnigues used in
our scarch process. Some preliminary comparizsons with other approaches are given in
Scetion 5, and conclusions and directions or further work are found in Section 6.

2. Model-Driven Business Management

With the Model-Driven Business Management (MDBM) approach, the models integrale
all technological, organizational and procedural issucs in the project and drive the whole
implementation.  After completing the project, the same models serve as user-adaptable
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interfaces to the underlying compulerized systems, while monitoring the actual use of the
system. As opposed to loday’s TRP solutions, user access control and business process
administralion arc done al the modcel level rather than at the transaction level.

MDBM requires that models play a central role throughoult the system’s life eyele:

e« System development: During the development process, the organization’s current
processes and structures are matched against the predefined models delivered with the
ERP systems. Each element of the model constructed is linked to one or more user
profiles {roles) and scenarios.  The user profiles correspond lo the authorization
ohjects in FRP systems and are used o give groups of users restricted access Lo the
system. Bvery flow s divided inlo one or more scenarios, where a scenario specilics
a particular variant of the flow, c.g. the purchasing flow for a particular material of
Lthe maintenanee flow for eritieal parts that need Lo be fixed immediately.

e« System Operation: The complete ERDP svstem may consist of a number of different
applications that are integrated into the same business flows. Logging on to the
MDBM environment, the user traverses the business model to access all transactions
that are included in his user profile. Double-clicking on the leaf processes in the
business model, the user is taken to the corresponding ERI" transaction. In a similar
vein, the user can select document types in the data model and jump to the
management reports defined for these document Lypes.

¢ System Maintenance: With MDBM., new users are given access to the underlying
ERD solution by giving them a user profile. 1f the business processes change after the
implementation of the ERP solution, most of these changes will be done at the
business model level without changing the customization of the underlying system.

Consider the model view in Figure 2., which is part of the total purchasing flow in
the Materials Management (MM) module in SAP R/3. Whereas the MM flow is one of
the most complex flows in SAP. the model view is simple and involves just a few
functions. This view is for the purchaser user profile in the consumables scenario. The
complete MM model. which is partly shown to the left, is verv detailed and is not
normally used by end-users. As the view is tailored to purchasers with no management
responsibilities, the details of the release procedure is not exposed. Also, since
consumables in this case means that there is no master data (or the materials Lo purchase,
the purchaser does not need o look for contracts or info records (vendor-material price
lists) for the material. The purchaser simply ereates & purchase order with reference Lo the
purchase requisition, prints the order, and monitors the ordering until the goods arrive.
The lunction “Create prrchase order” s highlighted beeause it is the cwrrent [unelion in
thig exceulion process.

Fach of the lowest level processes in this particular model view is linked Lo an SAP
transaction. The “Create purchase order”™ [unclion, lor example, takes you o transaclion
MTIE21 in the underlying SAP R/3 system. There are also [unctions that are net linked to
specific transactions, bul these specily nuanual lasks that are not supported by any
computerized systen. There is also a system monitoring module that logs the acmal use of
the system for later revisions of the business processes.

Ilmplementationally, the MDBM environment is an integration of a documentation
tool, a business analysis tool, a business process execution tool, and a systems
administration tool.
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Figure 2. The Model-Driven Business Management environment

3. The MDBM SAP Linguistic Component

SAP R/3 is one of the most complex ERP systems on the market. More than 300 pre-
defined business processes across all functional areas are supported. and several thousand
transactions are implemented. ‘The system includes 12 customizable modules for finance,
human resources and logistics, as well as a number of industry-specific modules [He97|.
According to AMR Research’s figures from 1999, SAI' R73 has the largest share of the
ERP market with 31%., way ahead of Oracle’s 14% and PeopleSoft’s 7%.

The functionality of SAIP R/3 is normally described using an extended process
modeling formalism called EPC. For our purposes, though, the modeling language had to
be extended with concepts for view modeling, resource modeling, business rules
modeling. and report modeling. The coniplele business model for an SAP solution, thus,
gels very complex with several thousand leal” processes and up to 3-5 hicrarchical levels.
In total there may casily be something like 20,000 clements in the business model.

The business mode] gives you access Lo transactions in the SAP R/3 system ay well
as business data (master dala and transaction data) entered into the system. In a midsize
SAP solution something like 4-5.000 transactions may be used on a regular basis. The
business data includes master data for objects like malerials, customers, vendors, plant
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structures, and organizational units. The transaction data document all the transactions
carricd oul in the system.

The linguistic component included in the MDBM concept gives vou an alternative to
traversing the business model. The user can ask the MDDBM environment to display a
cerlain model fragment, go direetly to an SAP (ransaction, or display some business data.
The interface looks like a normal scarch inlerface, as shown al the bottom of the Model-
Driven Business Management window in Figure 2. All queries posted by the user are
interpreled according to the active user profile and the aclive scenario.

Consider the model view shown in Figure 3(a}. For the user profile “purchaser” and
the scenario “consumables”™, the query “purchase orders™ makes the system display the
view of the structural model containing the object purchase order. Double-clicking on the
operation create of this object, the user is taken directly to the SAP transaction for
creating purchase orders. A query like this is useful if the user would like to know which
transactions he is allowed to run on purchase orders. Only the operations relevant to his
user profile (and active scenario) are displaved.

In Figure 3(b) the search query “create new orders™ is by the linguistic component
interpreted as a request for the Create purchase order function in the business model. The
system displays a view of the process model and highlights the desired function. If a
different user profile or scenario had been active, a different part of the model might have
been displaved to the user. For example, if user profile sufes representative had been
active, this query would have led the system Lo display a view of Lthe process model
conlaining the function Creare sales order.

The linguistic component is built up like a traditional secarch system, where model
clenients and business data are indexed like documents in decument managenment systems.
In addition, two classifications are used o distinguish between the types of clements
indexed. The phrase rupe attribule is set to act for functions in the process model and
transaclions in the SAP system, structure for structural model clements and master dala,
and report for reporting structures and transaclion data. The fevef allribute is sel Lo model
for business model clements and jnstance [or business data elements.

Model-Driven Busimess Mamagement
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Figure 3. {a) The query “purchasc orders™ takes vou to the struetural part of the business
model. {b} The query “create new orders” takes you Lo the purchasing process.




The scarch process is divided into the lollowing six steps (sce Figure 4):

*  Phrasc recognition: First, a tagger is used to determine the phrase type of the
query, This information is important for anticipating the intention of the user,
Whereas the query “create new orders™ is found to be a verb phrase (VP), “new
orders” is analyzed as a noun phrase (NP). The phrase type attribute of the query
is deduced from this analysis,

e Level recognilion: Somewhat more dillicult 15 the determination ol conceplual
level. The system needs to know whether the user is searching for a model
element or data in the SAP solution. The hypothesis is that that a model element
should be returned unless the query is in the past tense, refers to master data ov
transaction data, or contains temporal or spacial coordinates.  The level attribute
of “create new orders™ is assumed to be model.

e Query reduction: Unneccessary words are deleted from the query, and stemming
15 used w replace all word forms with their canomical forms. In the cxample
above, “new’ 1n “ereale new orders” is deleted and “orders™ 15 replaced with the
canonical form “order.” The deletion strategy today 1s simplistic and based on
the part of specch tags returned by the tagger.

*  Query expansion: Both the business model and the demain-adapted lexicon
contain scmantic relations that are used (o expand the scarch. Synonyms ace
ltaken from the lexicon, and generalizations and specializations ace found both in
the business model and n the lexicon. Obvicus synenyms like “make™ lor
“create™ arce added (o expand the scarch. Generalized or specialized 1erms are
included depending on phrase tvpe and conceptual level,

e Search: The scarch engine ceturns a ranked list ol elements that match the query
terms and arc of the correct phrase type and conceptual level. Tor the query
“create new orders”, all document creation functions ke Credare purchase order,
Create sales order, Create plant maintenance order, and Create transport order
arc returned.

» Filtering: Finally, the system needs to make sure that only elements visible to
the active user profile and scenario are shown. {7 the highest ranked clement 15
nol available lor the active uscr prolile in the active scenaro, the sysiem goces
down the ranked list until a possible clement 15 found. For the query “creale new
orders™, the user profile purchaser cnsures that the function Create purchase
ardder 15 chosen belore the other possibilitics.

The MDBM architecture 1s a multi-layer archilecture that takes into account the openness
and modularity of Web applications. SAP provides access (o the company's SAP solulion
through various Web scrvices, such as the MySAP.com uscer interlace and the server-side
solutions like SAP Internet Transaction Scrver, SAP Web applications servers or business
connectors and ALE (Applicaton Link Enabling) interfaces. [lence, we can implement
our MDDBM sclution on top ol the SAP installation, rather than as part of it. MDBM
components need only access SAP system data through the appropriate interfaces.

The end-user client is built as a separate application, as shown in figures 2 and 3.
The business models are stored in a repository and accessed through a Web-server as
XMI. files, The model repository provides o Model Access API for navigating, presenting
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and scarching the models. This APT is in tum used by the linguistic component, which i
implemented as a server side APT - denoted "Query Analyzer” (QA). The QA has access
to underlying linguistic ools, such as a morphological tagger, as well as Lo the guery
contexl provided by the active user profile and scenario. The [inal query is sent lo the
scarch APT of the model repository.

Query resulls are extracted Irom the model repository and presented cither in the
MDBM model window or in a regular Web browser window. The former presentation is
used i the query results are references to model fragments or the query needs o he
refined by the user. 1f the query results refer to transactions or business data, the svstem
may present the results in a normal browser window or just activate the desired
transaction or report in the SAP system.

4. Using the Linguistic Component

Unlike document management systems, the scarch [acilities here do not retum a list of
ranked elements. Only one element is chosen, and the user needs to reformulale his query
il this was nol what he intended.

In manyv cases. the user will specity a query right in the beginning to jump directly
to the relevant part of the business model. He will then click himself through the business
model to run SAD Rf3 transactions and check the business data in the system. Whereas
searching is used to move to entirely different parts of the model, model clicking is often
preferable for running business processes.

With the strateeies adopted so far, we interpret the queries as follows:

s “Create purchase orders”
This query does not pose any problems. The phrase type is act. and the
conceptual level is model. The lerm “orders™ is replaced with “order”, and the
search is expanded with “niake™ as & synonym of “create.” The scarch engine
returns the model function Create purchase order.

Tcrecte mew crders”

Il:'}u'ase YeogHition s
I Lewel recognition s el
ety redustion | foreats, arder]

| ey e N psrdlon Tovaars, avder, purehare ovder, sales ovdsy, T

Figure 4. The scarch process.
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o “Wlake purchase order”
“Make™ is a synonyin of “create”. The returned elements are the same as for
“create purchase orders.”

*  “Purchase material™
This querv is of phrase type act and level model, but does not refer to any low-
level function of the business model. However, there are several purchasing
scenarios that include high-level processes with texts like “Purchase raw
material” or “purchase consumable™. The term “material” is expanded with
possible specializations like “raw material”, “maintenance part”, “commercial
product,” and “consumable.” The svstem then displays the high-level process
that is most appropriate for the active user profile and active scenario.

*  “¥Vendor for material X*
This gquery is of type structure and conceplual level instance. We are looking lor
some master data aboul vendors that deliver malerial X The system lakes the
user direetly to SAP R/3%s transaction for displaying vendors with cerlain
characteristics.

s “Created orders for plant Y”
Tiven if this query is a verb phrase. we do not take the user Lo some ereate order
transaction.  As the phrase is in the past ense and there is a reference to a
particular plant, we assume that the phrase Lype is report. We then search for
reporls that combine orders with plants, where “orders™ is interpreted in light ol
the user profile and the current seenario.

We are also considering giving the users a list ol allernatives, as is done when
people scarch for documents in document management systems.  The search process
waotld be the same, but we add a scparate window listing all elements relevant Lo the
particular query.  This makes it casier for the user to find the intended transaction or
report. but also adds one more step to the whole process of accessing the ERI? system.

5. Related Work

The Model-Driven Business Management environnienl is related o CASE tools wilth
cxeculable models (e.g. [TTP98]). Whereas these enviromments generate executable code
from user-defined models, our models are linked to pre-implemented executable modules.
Since the MIXBM approach is restricted to the domain of pre-implemented, customizable
software packages, it has been possible to employ user-friendly business models that can
afterwards serve as the user interface to the ERP solutions. This model-based user
interface is an alternative to the Web ERP platforms provided by Toplier and others
[Ma%9, To0l].

For the ERI” market, there are some modeling environments that also concentrate on
building up business models of the underlying ERP system. The ARIS toolset is widely
used in SAP projects and ofters standard modeling languages for modeling functions, data
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structures, orgamizational structures, and user inlerface aspects [S¢98]. LiveModel from
Intellicorp has many ol the same features, though Intellicorp also allows you Lo instantiate
business models from the SAP R/3 log. [However, their modeling basis 15 oo weak lor
{ull-ledged business modeling and 1s today limited 1o cuslomizalion activitics.

Many ol the ideas of this compoenent sicm from Brasethvik’s document management
sysiern [BGOT]. A lexicon 15 combined with model representations of the celevant
domain. The scarch 15 raised to a conceptual level by taking 1nlo account stemming,
synonyms and linguistic relations like gencralization and specializations. Our syslem has a
different purpose, as the users are looking for a particular transaction or report.  Qur
system should enable them to do something, not just inform them about something, We
need to distinguish between different result types (transactions, business data. help
information, etc.), which requires a deeper approach to the mood of the sentence,
Recognizing phrase types and intended instantiation levels allows us to predict why the
user is posting a particular query.

There are several approaches to semantic retrieval that can be compared to our
solution [Ar99, Sp99, §199]. With the use of WordNet [Fe98], for example, documents
may be indexed with synsets that encompass certain semantic meanings (e.g. [Go98]).
For our application, though, the semantic relations in WordNet are far too general to be of
any use. Lhe HRP terminology is very specific, and the domain-specific relations are far
motre important than the general ones. More promising is the FrameNet project at
Berkeley, which tries 1o define domain-specilic lrame-semaniic descriptions ol English
lexical ilems [BIFLYR|. Parts of their lexicon overlap with our extended business model.
Whercas their lexicon 1s a general purpose lexicon for a particular domain, our model is
geared lowards the use of particular computer systems, Tence, we do nol need 1o go into
all the semantic details, and our model does not intend to be as complete as a real
semantic lexicon,

6. Conclusions and Further Work

The MIDBM concept is still under development. Liven though some preliminary work has
been carried out, there are many problems at both the modeling level and the linguistic
level that have to be addressed. We are in the process of setting up an SAP laboratory that
will allow us to start integrating our components with SAP R/3. Before doing that,
though, we need to work out business models that accurately reflect the whole
functionality of R73.  Domain-specific semantic relations must also be added to our
lexicon,

The linguistic part of the environment is currently being validated. Provided that the
overall approach explained in Section 4 works satisfactory, we will start building up the
search engine and the indexer independently of the rest of the application,

At the moment, we concentrate on semantic lexicons and very simple query
mierpretations.  This 1s sufficient for invoking ERP transactions and iraversing the
business model. For more complex retrieval of ERP business data, however, we need (o
parsce the queries and match the resulting siructures with the underlying steuctures of the
ERP databasc. This 15 a non-lrivial task, as a query can casily involve a number ol tables
and the checking of several field values. Tor example, the query “give me o vendor that
can deliver meaterial X to plant YV and is rated among the 1) best vendors ” maps onto 4
different tables and a venfication of the vendors® cvaluation points.
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