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Abstract. ArchiMate is widely used standard for modelling enterprise architec-
ture and organizes the model in separate yet interconnected layers. Unfortunate-
ly the ArchiMate specification provides us with rather brief detail on the rela-
tions between the individual layers and the guidelines how to have them
aligned. In this paper we focus on the alignment between business and applica-
tion layers especially alignment of business processes and application functions,
which we see as crucial condition for proper and consistent enterprise architec-
ture. For this alignment we propose an extension for ArchiMate based on the
development done in Methodology for Modelling and Analysis of Business
Process (MMABP). Application of the proposed extension is illustrated on an
example and its benefits discussed.
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1 Introduction

The enterprise architecture plays an important role in current corporate management.
Enterprises realized that after the initial spontaneous growth and accumulation of dif-
ferent legacy systems over the years, it is necessary to create the living organism
forming an enterprise under some kind of control in order to allow managing it. The
enterprise architecture is one of the tools which help them to do it.

There are different frameworks for capturing the enterprise architectures like FEAF
[20], DoDAF [21], ISO 19439 [22], etc. out of which the most popular standard is the
TOGAF [14] accompanied by ArchiMate as the modelling language [1]. ArchiMate
splits the enterprise architecture into several layers, having for each special elements
to capture it with and in TOGAF a method (Architecture Development Method) how
to create such layered architecture.

The one of important goals of such architecture framework should be to ensure that
the individual architectures are aligned with each other. The specification of Archi-
Mate is very brief on how the elements of each layer are related and the guidelines,
how to make these layers consistent, are very loose. Generally we can say that the
specification limits its guidance to the relationships illustrated at Figure 1.



— - B Business
Layer Object Process/ Function/ service ActorR
Interaction
I serves sares sarves
onizes i reakizes realizes
. SeNes serves sarves
- Data ponent Interface
Application Object Process/ Function/ Service Com
Layer Interaction
. Business Business Business !I "I' “"::
Business Process/ Function/ service ActoriRole
Layer Interaction
serves serves serves
reahzes realizes
sarves Serves serves
Technology Process | Service T"“" L=
Layer Function / Interaction

Fig. 1. Relationships between Business Layer and Application and Technology Layer Elements
[1] (p-96)

From Figure 1 we can get a “fecling” of how the layers are mutually related. Nev-
ertheless, for complete understanding how these layers are related and what should be
the rules for alignment of particular elements from individual layers is this scheme
strongly insufficient.

The purpose of this paper is not to elaborate all the issues with alignment of the in-
dividual layers there are, as it is too complex for just one reasonably long paper, in-
stead, we focus on one complex issue and that is finding a way how to ensure that the
application functions from application layer are aligned with the requirements rising
from business processes in business layer. From our point of view this is one of the
most important issues that the businesses have to deal with, so that the applications
and also the technology assets are optimally supporting the particular business cap-
tured in the business layer. In other words, the functions in the application layer
should cover all the information transforming and manipulating requirements rising
from the business processes in the business layer. The importance and complexity of
the business and application layer alignment also rises from the fact that alignment of
these layers is dependent on cooperation of different departments throughout the
company unlike the alignment of application and technological level which is usually
under management of one department (ICT).

In this paper we propose guidelines for the business and application layer align-
ment, based on advances made in MMABP methodology [2], especially on the intro-
duction of the concept of levels of process abstraction [12] together with well-defined
relations among its basic models. The compatibility of the MMABP and ArchiMate
was already discussed in [13] and the alignment of the two methods was demonstrated
on matching two levels of process abstraction. In this paper we extend the proposed
extension to full coverage of the process abstractions and show the benefits rising
from it in case of alignment of business and application layer.

The paper is organized in five main sections. After this Introduction section we
present the methodology, which the ideas, presented in this paper are based on. We
focus mainly on those features of the methodology, which are essential for the pre-
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sented ideas. Also the basic features of ArchiMate, relevant to the topic, are briefly
presented in this section. In the special section we present the proposal of the exten-
sion of ArchiMate oriented on the overcoming of its limitations discussed in the In-
troduction section. In the following Discussion section we discuss important connect-
ed topics including also the structure of the process-driven information system and its
relationship to the ERP systems. Conclusions section than summarizes main ideas of
the paper, discusses its wider consequences and outlines the needed future work in
this field.

2 Methodology

The ideas of proposed extension of the ArchiMate as well as the initial principles
which the essential need of such extension comes from, are based on the Methodolo-
gy for Management and Analysis of Business Processes (MMABP) [2].

21 MMABP

MMABP is a methodology for modeling “business systems”. By “business system”
we generally understand the system of human activities leading to creating the values.
MMABP models aim to cover the business system itself as well as its basic infrastruc-
ture — information system. The complete MMABP business system model consists of
the set of inter-related models of three basic kinds (see Figure 2).

First two kinds of models form the model of the business system itself. Model of
the business system consists of the model of being (ontological model) and the model
of behavior (intentional model). Being (so-called Real World ontology) is modeled
with two basic diagrams from the Unified Modelling Language (UML) [15]:

e C(Class Diagram represents the system view of being. By this diagram we
model objects and their mutual relationships.

e State Chart represents the particular view of being as a temporal model of the
single object. By this diagram we model the object’s life cycle.

Behavior in the business system is also modeled with two kinds of diagrams:

e Global model of processes represents the system view of intentional behav-
ior: model of business processes and their mutual collaboration.

e  Model of the process run represents the particular view of behavior as a tem-
poral model of the single business process.

MMABP defines four levels of abstraction of a process:

a) Enterprise functionality is modeled as a system of mutually related enter-
prise functions, each representing relatively standalone system of business
processes.

b) Process map represents a system of mutually related business processes of
one enterprise function.

¢) Process step is a part of the single business process representing an internal
activity of the process which need not be interrupted by an external event.
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d) Activity is a part of the process step corresponding to the single change of the
state of related business object.

Abstraction levels a) and b) belong to the Global model of processes while levels a)
and d) belong to the Model of the processes run. In other words, in MMABP there are
two abstraction levels of the system view of processes and two abstraction levels of
the temporal view of a process. Each abstraction level is related to the aspect of the
business system which MMABP regards as essential: standardization of enterprise
functionality (level a)), individualization of enterprise processes (level b)), individual
collaboration of processes (level c)), and general causality of the business (level d)).

We can find different approaches to levels of process abstractions in number of
different standards and methods ([8]; [23]; [24]; [9]). MMARBP has its own synthesiz-
ing method build on [12] in which the individual approaches we analyzed and synthe-
sized into four level approach on which MMABP now builds on.

Figure 2 outlines also basic relationships between the ontological (business ob-
jects) and intentional (business processes) dimensions of models. Objects from the
Class Diagram manifest themselves in the process model as products, inputs, outputs,
actors, and other kinds of process aspects. Relationships among objects from the
Class Diagram then represent the essential business rules and restrictions (i.e. modali-
ty of the business system) which the processes have to respect and fulfill. Looking
from the opposite side one can see the business processes from the process diagrams
as the ways of fulfilling the modality of the business system in terms of achieving
individual business goals. On the detailed level, the life cycles of objects (State
Charts) can be seen as definitions of essential causality related to the individual ob-
ject, while detailed process models (BPMN models) as intentional combinations of

the lives of related objects.
Business Processes Business Objects
(Global process model, Process Diagrams) (Class Diagram, State Charts)
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actors, business restrictions
(objects life cycles)

ir | combinaticns of objects
life cycles, context of objects lives

Events and their
intentional combinations

e o Events and their
B general context

Function Model (Data Flow Diagram)

Fig. 2. MMABP models and their essential relationships

The third kind of models is the model of the information system’s functionality. This
model is represented by the Data Flow Diagram (DFD) as a basic tool for modeling
the functionality of information system. DFD has evolved from the so-called Activity
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Diagrams used in the SADT methodology [6]. SADT (Structured Analysis and De-
sign Technique) is a methodology, used since about the mid seventies. DFD is the
most thoroughly methodically seized in the work of Edward Yourdon [17], [18]. Data
Flow Diagram (DFD) plays the crucial role in the Structured Analysis by E.Yourdon
[17].

The main reason for using DFD in the MMABP is the fact that DFD and its methodo-
logical particulars, like the rules of use, and techniques for linking with other dia-
grams, represents a great methodology value. Edward Yourdon in [17] introduces the
technique for the functional model development based on the analysis of events, so-
called Event Partitioning Approach. This technique is very important for linking of
DFD with other diagrams in MMABP. It allows MMABP to use events as universal
elements which occur in all models at exactly the same level of granularity', thus they
can be used as a universal meeting point of the contents of all models for tuning all
models together in terms of their mutual consistency.

Figure 2 illustrates also basic ways of linking particular models of the business sys-
tem with the model of the functionality of its information system (DFD) with use of
events. Functionality of the information system of the given business system has to be
derived from both the causality of the business, and the business goals and ways of
their achieving. Business object models (i.e. contextual Class Diagram and related
State Charts describing life cycles of selected objects) contain the information about
events and their general context in terms of the causality of the business system.
Models of business processes complete the information about events and their inten-
tional context; intentionality in the business system.

More details about MMABP particular consistency rules for tuning business system
models with DFD can be found in [10].

2.2 Alignment of Function Model and Business Processes Model in MMABP

MMABP considers an activity as the lowest level of process abstraction and it is de-
fined as a unit of work that changes particular state of an important object to another
[12]. The focus on states from objects’ life cycles is essential as they define how the
people of business think about their business and what they find important. This is
reflected in life cycles of individual objects, as the life cycle states represent moments
in an object life, the business recognizes and therefore it has a name and meaning for
it. Activities then represent work done which output has meaning for the business. For
instance in process of an order creation there are individual order items added (goods,
address, etc.). Operations like add/remove order item usually do not change a state of
an order and therefore these operations we would not find in the process model in
form of corresponding activities. They would be part of an activity which would be

' Each event is defined by the particular contents together with the particular moment of oc-

currence. So, more events defined as occurring always together, at the same time, have to be
regarded as just one single event. This principle alines the granularity of the event to the
same level in all possible points of view, which address this event in terms of the same con-
tents.
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covering the whole order creation procedure which output state would be the submit-
ted order (see Figure 4). This way an activity may include several operations, but the
operations are not the next level of process abstraction as they do not represent inten-
tional behavior any more, only processing functions with inputs and an output. The
intentional behavior is hidden in the capabilities of the activity performer (the actor)
who, using one’s skills and knowledge, combines the operations in such way which
fits to the actual situation and keeps the course of processing in the direction of the
activity’s goal (the associated object state). These operations can be directly linked to
functions in a data flow diagram at the highest level of detail, where the functions
represent particular transformations, same as the operations do in the life cycle dia-
grams.

3 ArchiMate

ArchiMate [14] is an enterprise architecture modeling language based on TOGAF
framework which is one of the most popular and accepted frameworks for enterprise
architecture [14].

There are defined three core layers (business, application, technology) the enter-
prise architecture is then described in, which can be in full framework extended by
additional layers (strategy, physical, implementation and migration). Each core layer
consists of active, passive and behavior elements and the behavior elements, on which
our analysis focuses. The behavior elements are processes, functions, interactions,
events or services. For each layer there are specific definitions of these elements,
which then specify the differences among the same concepts in different layers, for
instance, differences between business process, application process and a technology
process.

For the business layer there is no further detail elaborated in the specification, alt-
hough, the coexistence with the detailed BPMN models is assumed [14] p.152. When
looking at examples in the specification ([14], example 23 on p. 64) one can see that
the elaboration of this business process detail is missing in the specification as the
business process elements are used at higher level of detail that their definitions origi-
nally assume. In some cases they remind more of particular activities than business
processes.

In application layer our focus is aimed at the application functions which alignment
with the business processes is subject of this paper. An application function is defined
as “an application function represents automated behavior that can be performed by
an application component” and we assume, judging from its definition, meta-model
and the example in [14], p.76, that we can consider the application function as the
lowest abstraction of behavior in the application layer. This element then represents
behavior of the application which is available to support or even enable the business
process execution.

Alignment of the two elements (business processes and application functions) is in
the specification solved quite simply. In [14], p.95 it is just stated that the application
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(process/function) realizes the business (process/function). No further detail is availa-
ble nor it is possible to derive from the meta-models provided.

4 Extension of ArchiMate

The presented alignment of information functions and the requirements rising from
the detailed business processes in MMABP can be incorporated into ArchiMate
framework. The substance of this alignment stands on the defined levels of process
abstraction with which we will extend the ArchiMate business layer.

In [13] there was already done the incorporation of process abstraction levels into
ArchiMate business layer in case of the top two levels of process abstraction. There
were identified two ArchiMate’s concepts (business function and business process)
that fitted well the definition of the top two levels of process abstraction of MMABP,
specified in [12], making so the first two levels of process abstraction of the MMABP
and ArchiMate aligned. As the top two levels are aligned and the ArchiMate recog-
nizes the BPMN as standard for detailed business process models [14], p.152, the
rules for the two detailed process abstraction levels (process steps and activities) from
MMABP can be incorporated into the ArchiMate too. Reader should note that even
though we are talking about detailed business processes, the process steps and activi-
ties are still reasonable abstract levels for architecture as they do abstract from the
implementation. The very detail lies in the operations in the objects’ life cycles.
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Fig. 3. Relevant fragment of the ArchiMate metamodel with proposed extension (marked area)

As BPMN and its coexistence with ArchiMate models is assumed in the ArchiMate
specification, there has to be introduced only one new diagram which is not refer-
enced directly by the ArchiMate specification — the state transition diagram. This dia-
gram is not completely strange for the ArchiMate as the underlying TOGAF works
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with a similar type of diagram — the data life cycle diagram [14], p. 103. We propose
to use the state machine diagram from UML [15] as ArchiMate has defined the way
how to cooperate with this language [13, 19], and to extend the ArchiMate metamodel
by the relevant concepts from MMABP as depicted at Figure 3. The original Archi-
Mate metamodel consists of several fraction models organized according to types of
elements, relationships, layers, etc. Figure 3 contains only those elements and their
relationships from the ArchiMate metamodel which are relevant to the proposed ex-
tension.

The procedure which would enable the business process and application functions
alignment evaluation would look the following way.

First, the business processes, alignment of which one is to evaluate, have to be
modeled in BPMN at the lowest level of process abstraction - i.e. in our case at the
activity level. As an activity is bound to particular state from an object life cycle, one
has to model the relevant object life cycles in parallel. There should be taken into
consideration that the associations of a business object itself, which we can find in
passive structure model, should be reflected in operations in the business object life
cycle covering the possible adding and removing of these associations to other busi-
ness objects. In the operations specified in object life cycle diagrams we are then get-
ting business specification of those application functions which support the process
execution. Then we can either try to match the specified operations with existing ap-
plication architecture and the relevant application functions and evaluate their align-
ment or they may serve as specification of business requirements for further applica-
tion design and implementation. It is important to note, that we are still at architectur-
al level as the application functions do not represent design as recommended [14], p.
73, they just represent reflection of business requirements on what information trans-
forming functions the information system should provide in order to fully support the
business process execution.
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Fig. 4. ArchiMate alignment evaluation procedure example

We illustrate the individual steps from the specified procedure on simple example
at Figure 4, which for purpose of this paper, works only with parts of the models con-
cerned, for sake of the clarity of the illustration. Symbols in the figure follow the Ar-
chimate color key (yellow elements of business layer, blue elements of application
layer). Non-Archimate diagrams (Class Diagram and State Chart from UML, and the
BPMN diagram) are labeled with their names directly in the figure.

5 Discussion

The proposed extension extends the meta-model of the ArchiMate as depicted in Fig-
ure 3. When compared with the original alignment scheme depicted in Figure 1 we
can conclude that the proposed extension makes the alignment of the business and
application layer more tangible. The idea behind is to focus on the issue that, from our
point of view, matters the most (alignment of business processes and the application
functions) and not to dissolve in a creation process of a method which tries to cover
all possible relations between all elements of the two layers. When applied, one can
evaluate with reasonable certainty whether the two layers are aligned especially
whether the functionality of applications fits the requirements of the business and its
processes. Without this extension it is hard to do, if not impossible at all, as there is
missing relevant detail in the business layer we could match the particular application
functions with.
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As noted above the reader should always bear in mind that the proposed extension
is not covering all the possible issues rising from business and application layer
alignment. Its main focus is on alignment of the two core behavior elements — busi-
ness processes and application functions. Alignment of other behavior, passive and
active structure elements is out of the scope of this paper.

Alignment of business functions and processes with the functionality of an infor-
mation system is very important also from the point of view of the process — driven
management theory itself [3],[4]. Designing the system of processes, one has to care-
fully decide about which key processes the process system consists of and which pro-
cesses should support them. The difference between key and support processes is es-
sential from different perspectives, including also the perspective of the process dy-
namics. The dynamics of the enterprise behavior should be concentrated in key pro-
cesses while support processes represent rather the stable enterprise functionality,
needed as support of the performance of key processes. The main meaning of key
processes is managerial: their task is to keep the context of particular services by sup-
port processes in terms of the final value for the customer. Therefore, key processes
are usually called “end to end” processes as they have to cover the whole context of
the given business case — delivering the value to the customer from the very begin-
ning (i.e. identification of the customer’s need) to the very end. It is obvious that the
basic particular services, which the key process consists of, are relatively stable,
standard, they are given mainly by the ontological substance of the business. On the
other hand, their combinations, in terms of solving particular needs of the individual
customer, is always individual. It depends on the given situation, special needs of the
given customer, possibilities of technology, and other circumstances, which all put the
special demands not only on the instance of the process but also on the development
of its general definition. From the point of view of the supporting information system,
key processes thus require the dynamic support from the IS while support processes
can be covered by relatively stable, standard IS functionality.
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Fig. 5. Process-driven information system according to MMABP

Figure 5 outlines the MMABP idea of the general structure of the information sys-
tem, based primarily on the model of business processes. According to the idea of
process-driven organization [3],[4] the information system has to be able to accom-
modate its functionality to the permanently changing needs of business processes.
This idea directly contradicts with the traditional monolithic conception of infor-
mation system (IS) in terms of the Enterprise Resource Planning (ERP) which defines
the functionality of IS strictly in a static manner. This contradiction is discussed in
literature from different points of view ([11], [5] for instance). Nevertheless, making
the IS flexible in terms of the process-driven conception does not require complete
leaving of the ERP idea of IS functionality. According to MMABP, required flexibil-
ity of the IS rests rather in the changes of combinations of essential IS functions in
order to meet the changes of business processes, than in changes of the essential func-
tions themselves. Process-driven IS then should consist of some stable parts comple-
mented with the software component which dynamically combines these stable com-
ponents according to the momentary needs of business processes. Stable parts of the
IS represent relatively stable aspects of the business: the database and the standard
essential functions. The software component, which ensures the needed dynamics, is
based on the business processes definitions and works with the information about the
current state of running processes. This allows it to combine the standard essential
functions, working with the standard data structures dynamically according to the
momentary needs of business processes. Such software component is usually called
Workflow Management System (WfMS). WEMS is a regular field of the professional
interest including even the standardization since mid-nineties [16]. Such way created
IS is able to support the needs of business processes dynamically by serving the
standard functionality on standardized data structures based on the information from
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definitions of business processes and about their states. This fundamental division of
the relatively stable components of the IS from the business processes driven “behav-
ior” of information system allows creation of the fully dynamic IS keeping the maxi-
mum advantage of the standard ERP systems at the same time.

6 Conclusions

Alignment of individual layers of ArchiMate model is an important issue that needs to
be treated carefully. In this paper we focus on the issue that, from our point of view,
matters the most: the alignment of business processes and the application functions.
Since ArchiMate is very brief on this topic and does not go into such detail in its spec-
ification, which would allow us to specify clear and unambiguous rules for the align-
ment, we extend the ArchiMate’s metamodel and guidelines according to how this
alignment is set up in Methodology for Modelling and Analysis of Business Process
(MMABP) and utilize the standards the ArchiMate is opened to. The extension in-
cludes incorporation of detailed process models in BPMN, object life cycles captured
in UML state machine diagram and a procedure how the alignment should be step by
step done. The additional effort connected with creation of the newly introduced
models, which cover the missing levels of detail in the business layer, rewards the
analysts with possibility of proper evaluation of alignment of business and application
layer, especially how are the requirements rising from the business processes support-
ed by the application functionality.

In this paper we have focused on the alignment of business process and application
functions, as we saw it as core issue that needs to be addressed, but the briefness of
the ArchiMate specification on the alignment of individual layers leaves other blank
spaces, which currently have to be solved intuitively, and call for further elaboration
and solution propositions.

In the future work in this field we plan to focus on the above mentioned alignment
of other layers as a further step to the deeper integration of the Enterprise Architecture
with the ideas of process-driven management and related methodologies, particularly
represented by MMABP.
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