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Abstract: The paper outlines a comparison of UML Activity Diagrams (AD)
with the EPC 'blueprints' in a worldwide SAP-project of a large German enter-
prise. Our case study was performed in the firm's sales company in a North-
European country. The paper designs artifacts for organizational process mod-
eling, compared with the Bunge-Weber-Wand (BWW) ontology. They are
matched against two widespread graphical notations, the EPC and the AD.
Because of fewer drawbacks of the UML against the ARIS concept, the case
study used the AD, extending the UML by a system view, which is demanded
by the BWW ontology. A systems view appears essential in large projects in
order to facilitate communication with the top management.

1 Introduction

Since Davenport's [Da93] and Hammer & Champy's [HC93] famous books the busi-
ness and academic world noted a wave of attempts to reorganize enterprises and to
model their business processes. The message of Hammer & Champy was clear:
Substantial improvements in the firm's organization are mainly based on processes
and less based on structural redesign. The main driver for successful redesigns of the
flow of material, products, money and data is information technology [HC93,
35&44]. Implementation projects for new information systems should start with an
analysis of business processes [Sc94], pursuing the goal of a process-oriented orga-
nization [Ma99]. This requires efficient and precise notations, which are well suited
for communication between the organization's actors.

Graphical notations are generally preferred [BM06, 38], some are shown in table 1.

Table 1: Common notations for process description

Year Name Short  Reference
1962 Petri-Nets PN [AHO0]
1993 Event-Driven Process Chains EPC [Sc94]
1997 UML Activity Diagrams AD [MG04]

2003 Business Process Management Notation =~ BPMN [Who4]

Stand: 03.06.08
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While the notations one to three are (graphical) general purpose languages at a first
glance, the BMPN is explicitly designed as a domain specific language "readily under-
standable by all business users" [BP03, 14]. The BPML is structurally nearly equiva-
lent to AD [Wh04] and is supposedly going to be unified with the UML as a speciali-
zation (see [OMGO8]"). The EPC is not called a language by its authors [Sc99], be-
cause it is mostly promoted with the development concept architecture of integrated
information systems (ARIS) and named as a tool accordingly. Regarding the context
of ARIS, the EPC also appears as a domain specific language for business processes
only.

Petri Nets, EPC and AD have been analyzed in a number of evaluations on their suita-
bility for business process modeling ([Aa99], [AHO00], [S602], [Wo05], [Ru06]) and
on their modeling power to gain syntactical and semantical correct models (see
[BMO06] for UML in general). While the first four references and other studies only in-
vestigate the syntactical power of the evaluated language, using workflow patterns as
evaluation framework, we could only find one study according to the semantics, pub-
lished by Bunge-Jones & Meno. They investigated the semantic power of UML for
good decomposition in an empirical study [BMO06].

However, evaluating the semantic power of a language requires more than formal pat-
terns, it needs an onfology on which the grammar of the language is built [WWO02]. An
ontology is the theoretical notion of the basic constructs of any formal language. Mo-
deling in Wand & Weber's words is "identifying the phenomena to be modeled and
mapping the phenomena into the grammar's constructs" [WWO02, 368]. The most cited
ontology is called the Bunge-Weber-Wand Ontology (BWW) [WW90], which is also
used in this paper. The ontology serves as a framework to evaluate the semantic power
of a formal language, respecting from a philosophical view, that the ontology is belie-
ved to be a true axiomatic system only [Wy04].

The central question of our paper is: Are ADs suitable for process modeling in large
of-the-shelf software projects? The main focus of those projects is the organization,
not software technique. If the system to be implemented is SAP's ERP-system, known
as R/3®, the scenario of process descriptions is dominated by "blueprints", depicted as
EPCs [CL99]. The blueprints play an important role for communication in project
groups, between them and with other members of the organization. Our hypothesis in
this context was: The AD is better suited for handling and communication than the
EPC.

This is an important feature in large enterprises at least. Our case study was perfor-
med in an enterprise of nearly 30,000 employees worldwide. It is located in one head-
quarter, several production locations and selling units in 80 countries. Aside adminis-
trating the orders of business customers, the selling units are also responsible for deli-
very and maintaining products. This means, that successful business of the enterprise
is based on relative complicated material and data flows. These details may demonst-
rate, that it is worthwhile to regard only one case instead of performing an experimen-
tal design with statistical analysis.

1
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The paper proceeds a follows: Section 2 outlines those elements of the BWW ontolo-
gy, which seem to be most important to our subject, the organizational flows of mate-
rial and data, naming these subjects as artifacts of a framework. Section 3 discusses
the competing frameworks ARIS and UML in behalf of the process notations EPC and
AD and sketches some pragmatic extensions of the AD, realized by stereotypes. Sec-
tion 4 shows and discusses some results from the case study, which could probably be
generalized. Section 5 draws some conclusions and looks on further work to be done.

2 Elements for organization models

In this section we evaluate those parts of the BWW ontology which seem to be essen-
tial to describe organizations structurally and dynamically with regard to flows bet-
ween their elements.

2.1 The BWW Ontology

First we outline the static basics of the BWW view of the world. The central construct
is a thing possessing properties. Properties are visible as states, expressed in state va-
riables. The values of these variables obey laws, expressing natural or artificial cons-
traints deciding which states are lawfu/ and which not. Only a small subset of the pos-
sible state space is considered as lawful.

The dynamic view of the BWW ontology is based on states and laws. Things cause
events changing thier own or other thing's properties. At least one state variable must
be changed, but only events leading to lawful states are lawful. E.g. the event

'removal x items from thing stock with state quantity q =06

is not lawful for x > q. The event in our example may be caused by a thing stock-
bookkeeping which causes a history of the thing stock. Stock-bookkeeping
acts on stock, with other words, the two things are coupled. Wand expresses it like
this: "It is an ontological principle that every change is tied to things and every thing
changes" [Wa96, 282]. Changes are modeled as state transitions.

There are two types of events, internal and external events. An internal event is
caused by a thing itself, an external by another thing. The internal transitions of a
thing can be completely specified as a transition law of the thing, which only may
contain lawful states, also called stable states. Unstable states are not completely spe-
cifiable and may only be caused by external events.

Based on the fundamental view of statics and dynamics, Weber & Wand look bottom-
up, defining a system. A system is a well defined set of interacting things. "Well defi-
ned" means, that all things of the system must be coupled. A system is surrounded by
an environment, comprising things acting on the system or receiving from the system.
Things are the only items of a system, which are able to receive events from or to pro-
duce events for things in the environment. Typical examples for things in the environ-
ment of an information system are customer and supplier.
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2.2 Organizational artifacts

We cannot argue about a complex phenomenon like an organization [M096] without
goals, for which purpose we want to construct models about it. The main goals of or-
ganizational modeling in the context of information systems are

1. understanding (analyzing)
2. changing or creating (constructing)
3. maintaining.

We derive the to-be artifacts for our modeling from these sequentially pursued goals.
The models are a basic means for communication ((WWO02, 363], [BMO06, 38]).

The first goal is understanding the organization's structure and the role of the
structure's elements in organizational processes, that is the dynamic behavior of the
structural units. Behavior in this view is acting and deciding of people and operating
of automata ([KR74, 184ff.], [Mi79, 17ff.]. We call those two elements of an organi-
zation an actor. Based on understanding, the next goal is successfully changing parts
of the structure and of functions or creating new ones. For both steps, we need models
of behavior, based on models of the thing's structure. In order to get a better over-
view, in the understanding step it may be tolerable to disregard the states of things.
However, in the constructive step this would be counterproductive.

But on which things do actors act? We call this kind of thing a resource. Resources
are things, whose value is their ability to produce other resources of higher value than
the original resources (surplus value). This happens mostly by combining some of
them, e. g. work and material to a higher-valued material. This transformation process
is called production. In order to administrate production, transportation and storing
materials, data is required, which is created, updated or retrieved. We intentionally
use the notion administration and not "management" for those routine actions. The
'machine' executing parts of administrative actions is called information system.

An enterprise viewed as a system needs four input-types of resources, which are also
inside the system. These are people, material, data and money. At least one type of re-
source is the output of a business system, the product, but also the other resource ty-
pes may appear as output, e. g. money as profit or skilled people. A product can be
seen as a generalization of the input types, because specialized products are composed
of material, of data (e. g. artifacts like software), of manpower and knowledge (peo-
ple), called services, or of money e. g. as loans in the case of a bank.

As there are many production steps, executed by many types of human or material ac-
tors (machines), creating new things is not limited to material. The majority of data
things inside an enterprise system is created for management and documentation pur-
poses. This fact is important for our perspective, because many actions of actors are
transitions (see §2.1) of data. Transitions in a chain are processes. As main subject of
organizational modeling we regard processes containing the flow of the resources ma-
terial, money and data as flow types.

The last goal of our organizational view is maintaining durable resources like machin-
ery, buildings, data and software. There are also consumable resources that disappear
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in a production process, but they are not part of modeling information systems. Mo-
dels regarding the maintaining goal are documentations about resources, containing
their relevant history.

23 A framework for organization models

Merging the BWW Ontology with our short outline of relevant artifacts we can sum-
marize, that for process modeling purposes the ontology seems to be sufficient to the
understanding phase, at least. Table 2 shows a synopsis, showing the hierarchy of sys-
tem — thing in the first row. Searching in the literature for comparable models was
not successful. The only promising paper by Kettinger et. al [Ke97] outlines a frame-
work of activities, based on consulting practices, not on things and their interactions.

Table 2: Mapping BWW terms and organizational analysis

BWW ontology organizational pendant
system organization
subsystem organizational unit
thing resource

human actor
machine (material or artificial actor)

property attribute of data type
state value of attribute
transition resource flow
law business rule
history sequence of attribute's values
event result of an actor's action
environment actors, each behaving as an indivisible thing

After matching the generalized world of BWW and the specialized one of organiza-
tions, we have to examine, which level of detail is necessary in each phase of §2.2.
Modeling is required in the first two phases, while phase three requires documentation
only. The documents are models of the preceding phase.

The understanding phase needs little detail, the constructive phase much. However,
too much detail is destructive for an organizational analysis ([HC93, 1291f.], [La05,
sect. 2.7]), because the focus in the analysis phase is communication and understan-
ding of the relevant economic context, which is the deep structure of an enterprise's
processes. In this phase a lot of people are involved in potential disruptive changes.
Their ability to see the relevant points should not be diverted by details. Moreover,
details are expensive to exhibit* and preserve existing processes [HC93, 129].

> Long before the "process reengineering hype", the first author managed an off-the-shelf project in the
Schering AG, Berlin — Germany in 1986. Schering introduced a new payroll software accounting month-
ly 26,000 people employed. The new software replaced a 15 year old self-made one. In the analysis pha-
se, there were 172 different processes detected and modeled graphically for understandig purposes. The
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The proceeding part of the paper focuses on the EPC and the AD, because of their
practical relevance today [GRO00, 78], [S602, 602].

3 Evaluation of graphical process notations

In §1 we cited some evaluations, most of them executed on the pattern level. In this
section we examine the remaining notations of table 1 with regard to suitability for

«  organizational overview of processes (understanding phase)
+ ability of refinement to a more detailed view (construction phase)

after some remarks about grammatical deficiencies of modeling languages.

3.1 Overview and grammatical deficiencies

Evaluation of notations can be referenced to the following grammatical deficiencies:
Construct overload, redundancy, excess and deficit [WW02], being categories for a
notation's quality of mapping against an ontology.

Green & Rosemann [GRO00] valued the ARIS framework as to suffer from some cons-
truct deficiencies, which could be overcome by changing some patterns of the frame-
work. Soffer et al. [So01] also referred to ARIS and judged the Object Process Me-
thodology (OPM) to be superior to ARIS, which seems to be similar to UML. Burton-
Jones & Meso valuated the UML to be partially defective, too [BMO06], but preferred
ADs among other process notations.

All four process notations of table 1 have one important construct deficit: They do not
offer a genuine system view. Presumably, the creators of the frameworks ARIS and
UML did not intend to give such a view. Scheer explicitly argues an information sys-
tem to be that complex, that it only can be modeled in different perspectives [Sc99]. A
system view would be needed in business projects of realistic size and should be in-
corporated into a process view [GROO, 83]. We will pursue this aspect later, after
comparing the two notations EPC and AD in behalf of their usage in the first two pha-
ses.

3.2 Understanding phase

This section compares the process descriptions EPC and AD with regard to their ef-
ficacy in this phase and presents a proposal for a system view with the UML. On prin-
ciple, it is possible to model a process either with an EPC or with a AD. The two nota-
tions can be mapped one into the other [LA98].

The EPC models a process as an alternating sequence of functions and events, based
on some rules like the necessity of one or more start- and end-events. The AD shows
in its simplest form a control flow of actions as well as a start- and end-event, guarded
by the condition to be fulfilled. This means, an EPC has about double the number of

to-be-concept only needed 8 automatic batch processes and 15 computer-supported dialog processes.
The problem in the constructive phase was not a finer granularity of the diagrams, but a detailed mode-
ling of data, access rights on them and more than 2,000 fest cases.
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nodes than the corresponding AD. For a given number of functions (= actions) £ we
get in a simple sequential flow a number of nodes N:

Nap = £ + 2 while Nepe = 2f + 1.

In large projects, there has to be depicted, administrated and understood a very large
number of functions/actions. As every function must produce at least one output,
which is in most cases the state of a data thing, the event nodes inside the process in
the EPC are a construct overload weighting heavily. The charts to be communicated
grow to unpracticable size. This prevents efficient and effective communication. Our
hypothesis on this property of the EPC is:

Overloaded graphics are not understood, they are believed.

DeMillo et. al observed this phenomenon evaluating the correctness of large software
systems and called it the trust-me approach, having consequences possibly like the 7i-
tanic event’ [ML79]. Examples in the next chapter will show this.

In the case of the system the authors were unable to model a system view with the
EPC. The reference in [GR00, 83] to [LA98] could not be resolved. The extended
EPC (eEPC) still has a construct deficit for "thing" as the original EPC.

The same construct deficit of the UML can be overcome. There are several proposals:

*  The creators of the UML propose the package for a system [Ru05, 635]. This
seems to be a very software-specific artifact.

¢ Oestereich et. al [Oe04, 207] oppose to this solution with the argument, that a
package has no behavior. A system as a 'meta-thing' must have a behavior.
They depict an organizational unit, being an element of an enterprise system,
as a stereotype of an object.

+ Larman models a precise interaction between environment and system with
interaction diagrams, the interacting things regarding as elements of the sys-
tem [La05].

+  Reinhartz-Berger finally proposes another solution in extending the functions
of the use case diagram by a stereotype collaboration [Re05].

We follows Oestereich's argument and generalize his proposal. For communication
purposes a system must show a border to its environment and contain things showing a
behavior. Remember §2.1: Things are the origin for transitions/events. The classical
thing with behavior in the UML is the object (rectangle), resp. the class (specialized
rectangle).

Problematic should be valued 'thing' in the case of the activity, because it is only im-
plicit. The superstructure specification of the UML (v2.1.2) is silent to this topic*. In
the case of a class, it is clear, that methods are those parts of the thing class, that de-
scribe its behavior. But what thing "behaves" in an activity? We had identified people
and automata in §2.2 as active things of a system. Other resources are passive, like

3 "Errors should not occur? Shades of the ship that shouldn't be sunk." [ML79, 277]
4 see [OMGO8], Part Il — Behavior, 11 Actions and 12 Activities
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data, material and money. The actors people and automata are obviously implicit be-
hind the depicted activity diagrams.

That's why we draw a system as an object, showing activities (or actions) as elements,
that also can be regarded as refinable subsystems. Only actions show a behavior in this
refinement process. At every level, the modeler can switch from the static to a dyna-
mic model, showing a process. This level will be very high in real projects, because
important processes do not follow static organizational borders. Figure 1 shows the
system model of a production enterprise, in which material&work, money and data are
depicted as stereotypes of directed associations. Actors in the environment are not de-
picted like in use cases, because they are active things too, but from a system view
they will not be refined. The stereotype is drawn as a special object.

Enterprise

. material &
Production work

supplier customer

administration & banks

Figure 1: An enterprise as a system of different flow types

Figure 1 is not consistent to the actual UML 2.1 specification, because an object can
not contain activities or actions. But our system view only serves communicative pur-
poses. It is important to keep diagrams understandable without over-simplifying them.
As every material and money flow is accompanied by data, parallel data flows are not
drawn explicitly.

33 Construction Phase

As Soffer et. al have stated and the first author experienced in implementing several
modules of SAP R/3™, there is a lot of constructive detail in off-the-shelf implementa-
tions. In this phase, the guideline is no longer (perhaps intuitive) understanding, but a
precise connection of the phase-1's to-be models to more detailed models. In this case
UML seems to have fewer weaknesses than ARIS.

> HR - human resource, FI — finance, AM — asset management, procurement of MM — material manage-
ment.
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As base for the further project, e. g. for customizing and finding access rights, precise
data models have to be developed, connected to the data types, that are created in the
processes. In order to detect responsibilities for data creation in the organization, the
focus should lie on the routine business case data, not on the myriads of informative
data. This point is due to later work, when the routine processes are clarified and their
testing is designed. Moreover, an exact specification is necessary for data transferring
programs, matching the old system's database to the new one. In the great majority of
cases, this match is not 1 : 1.

Another area of detailed modeling are decisions in the processes, on which a project
team has to decide how to automate them by the software's functions ("customizing")
or to force human decisions in dialogues. In our case, we found a lot of such decision
points, especially in deep refinement levels.

All this can be modeled either with ARIS or with UML. Both frameworks offer a view
on data, but the connection between active things and passive (resources) differs con-
siderably. In an AD, it is a common refinement, to expand a control flow for overview
purposes to an object flow for further analysis and construction. The majority of passi-
ve things in an AD object flow are data types, e. g. a sales order or an invoice. As the
EPC has no state concept for things, data has to be pasted on functions in the eEPC,
which makes the process, already overloaded by events, even more overloaded. We
now show some process views from our case study.

4 Activity Diagrams from a large SAP introduction

As mentioned in §1, our case study deals with the subproject Sales in a worldwide int-
roduction of the SAP ERP-system. The following subprocesses of material and data
flows had been the base for our empirical analysis:

1. Inquiry
Quotation
Order processing
Goods receipt
Material Picking
Production
Product staging
Shipping

9. Billing.
Figure 2 shows an overview process for the understanding phase. It is a to-be process,
whose "actions" from the list above are all refined in separate subprocesses, some of
them containing more subprocesses. In order to keep confidence we have simplified
our examples in behalf of firm-specific details.
There is an interface to the subsystem Finance, which is an actor in the environment
of the regarded system Sales, receiving the output of a data type bill. From the SAP
system's view, the module FI ( finance) is also outside the system containing our pro-
cess, which is supported by the modules SD (shipment an delivery), parts of MM (ma-

i A bl



Spitta, Kaup 10

terial management) and of PP (production planning). The corresponding EPC of the
blueprint comprehends four printed pages.

Sales
External Internal Warehouse Service

— ,—. [Customer [Direct Customer
Contact] Contact]

[material ordered |
A
e
B

[material purchased]

Goods
Receipt

v o
Q. [final sales order | g £
g4 EY
g& {joinspec = gy
2% (A and B) xor B)} @
g v
Z
[duplicatc]
B
{joinspec = ((A and B) xor A)
and all material available}
Material
Picking for = Production
9 Production Order,
<< 1 Shipping

duplicate]
Product
[Entire Order Staging

o Processed ]

! -
1 [Bill paid] <<actor>> [Bill paid ] 1
- e EEEEEEEE = Finance L L L P R P R R P R L R Y )

Figure 2: Sales department as a subsystem showing the sales process

The reader should look at the join of two flow types following the action GoodsRe-
ceipt. In the unification of the two flows, the data flow becomes implicit. This re-
presentation in an overview process seems to be well suited for communication, but
relaxes a strong token concept.

The following figures 3 and 4 are refinements of the functions Quotation and Billing.
Both processes show explicitly the data things, which to produce is the primary goal
of the processes. It can be disputed whether an action, reading data only, causes an
event, as there is no state changed. But doubtlessly data creating actions cause events.
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External and Internal Sales Department

Quotation
, [Relevant information gathered]

f [New customer]

[Existing customer]

Generate
“potential

customer”

<

[Large inquiry]

[Small inquiry]
Credit Check
h

[Customer credit-worthy] )3\ [Customer not credit-worthy]

Creats [Quotation process <<Od::;ler:>
quotafiaoz in failed]

Processing|

Superoffice

Quotation
If required, - I
diagrams and i | <<actor>>
other documents T Customer

é [Quotation processing successful]

Figure 3: Process Quotation as a decision-dominated activity

The process Quotation shows the above mentioned dominance of decisions in some
processes. We have numbered the three decisions in it, which probably are all subject
to customizing for automatic processing. But before that, it has to be communicated
and decided by the firm, how "large" should be measured (see the guard 'large inquiry’
in figure 3).

The process Billing (figure 4) outlines the intuitively understandable role of data ob-
jects in ADs. Two data types are created in the process: The delivery note changes its
state — this must be explicitly shown [WW95, 212]. The bill is produced — this is the
goal of the whole process.

The role of the diagrams in the communication processes inside the project team and
with the top management was like this:

1. An overview diagram of the current state and a diagram similar to our figu-
re 2 were discussed and decided on with the top management. Both diagrams
were accepted as being well understandable.

2. Based on the to-be state validated in this way, the nine subprocesses (with
two more sub-subprocesses) were depicted and successfully discussed.

This seemed to be a serious source for our hypothesis (see §1):
The AD is better suited for handling and communication than the EPC.
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Internal Sales

? [Product shipped]
Retrieve
delivery note

note Enter
icate) additional data

'
Vv y
Batch: Archive
rinting/Transfering Delivery Note
Y Y

Spitta, Kaup
<<actor=>
Shipping
Process
<<actor=>
Finance
<<actor>>
Customer
5 Conclusion

Our case study has shown that ADs are well suited for the analysis phase of large pro-
jects. This happened and succeeded in an environment, dominated by EPC blueprints.
Aside the probable superiority of the UML framework in the understanding phase it
also seems to be more suited than ARIS in the further project steps. Results of activity
diagrams can be applied and reused in the constructive phase. In this way redundant
work and misunderstanding can be avoided.

Moreover, our extension of the UML grammar by a practicable system view seems to

é) [Billing process terminated]

Figure 4: Process Billing as a data creating activity

be a pragmatic proposal, not violating elementary UML constructs.

Further work should be done on empirical tests of EPC vs AD. This could probably
only be laboratory experiments with students, because we cannot imagine any firm,

conducting process modeling in a real world project twice.
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