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ABSTRACT

A designer has a choice of many models, methods,
frameworks, and architectures. There is little consistency
between these terms among researchers. Some of the most
widely used architectures and frameworks are described
with definitions and concepts that distinguish them
clearly. This paper proposes a clear definition of these
terms, a clear distinction between these and a methodol-
ogy that will significantly aid in the comparison and
evaluation of various enterprise models. A direct benefit
of this research is a more clear presentation of how the
enterprise modeling community uses enterprise models.

1 INTRODUCTION

The paper will first discuss the commonly held views
used by enterprise models. The paper then provides con-
sistent definitions of architectures, frameworks and meth-
odologies. The more prevalent architectures and frame-
works are then briefly presented. Finally, we conclude
with a classification methodology for a living model of
the enterprise that will allow for comparison and evalua-
tion of various enterprise models.

1.1 Enterprise Models

A model is an abstract representation of reality. Details
that are unnecessary are not included as a rule in most
modeling efforts. The modeler determines which aspects
of the real system are of interest and which system ele-
ments are to be modeled. An additional benefit of Enter-
prise Modeling lies not with developers or analysts, but
with management. Models, requirements, and processes
can and should evolve along with the Enterprise - think of
it as a living database that you can investigate at any time,
examining the processes of a specific part of an enter-
prise, provide a baseline and use to create a plan for the

next project. An enterprise model is defined as “a sym-
bolic representation of the enterprise and the things that it
deals with. It contains representations of individual facts,
objects, and relationships that occur within the enterprise”
(Presley, 1997). The above definition entails the kinds of
items that are of interest to the modeler. The use of sym-
bols to represent the enterprise presents these facts, ob-
jects, and relationships in an easy to understand manner.
A survey was conducted by Whitman and Huff on the use
of enterprise models that found that models represented a
wide scope, yet 75% did not update their models quarterly
(Whitman, 2001b). The typical uses of modeling are (Na-
than and Wood, 1991) (Snodgrass, 1993) (Reimann and
Sarkis, 1996):

e To analyze and design the enterprise and its
processes prior to implementation

e To help reduce complexity

e To communicate a common understanding of the
system

e To gain stakeholder buy-in

e To act as a documentation tool for ISO 9000, To-
tal Quality Management, Concurrent Engineer-
ing, and other efforts.

1.2 Multiple Views

There are several views of a given enterprise. Different
people have different needs for enterprise models. If a
single model attempted to contain all data about the en-
terprise, the model would grow to an unusable state.
Therefore, models typically are restricted to representing
a single view or perspective of the enterprise. While this
promotes understanding by reducing the complexity in the
model, it can also lead to disjointed and incomplete un-
derstanding of the entire enterprise. The integration of dif-
ferent views is vital to achieving a complete representa-
tion of the enterprise.



Whitman, Ramachandran, and Ketkar

Previous research defines a number of different
views. The Computer Integrated Manufacturing Open
Systems Architecture (CIMOSA) work promotes four
views: Function, Information, Resource, and Organization
(Vernadat, 1992). The Zachman Framework of 1987
(1987) was extended by Sowa in 1992 and describes data
(what), function (how), network (where), organization
(who), schedule (when), and strategy (why) as the dimen-
sions that must be described. Curtis (1992) defines four
views: functional (what process elements are being per-
formed, and what flows of information entities are rele-
vant to these process elements), behavior (when process
elements are performed (sequencing)), organizational or
resource (where and by whom processes are performed,
physical communications mechanisms, storage media and
locations), and informational (what information entities
produced or manipulated by the process, including data,
artifacts, products, and objects). ARIS (Architecture of
Integrated Information Systems) also has four views. The
three main views used are data, function, and organiza-
tion. Depending on context (information or business sys-
tem) the fourth view is either called the resource or con-
trol view (Scheer, 1989). Previous work in the
development of architectures by the Automation and Ro-
botics Research Institute (Presley et al., 1993) describes a
five-view approach:

e Business Rule (or Information) View defines the
entities managed by the enterprise and the rules
governing their relationships and interactions,

e Activity View defines the functions performed
by the enterprise (what is done),

e Business Process View defines a time-sequenced
set of processes (how it is done),

e Resource View defines the resources and capa-
bilities managed by the enterprise,

e  Organization View describes how the enterprise
is organized which includes the set of constraints
and rules governing how it manages itself and its
processes.

This does not, however, mean that all these views
must be present in all models. A model is an abstract rep-
resentation of reality, which should exclude details of the
world, which are not of interest to the modeler, or the ul-
timate users of the model. Models are developed to an-
swer specific questions about the enterprise. However,
multiple views provide a clearer picture of the enterprise
and multiple views are useful to answer multiple ques-
tions about the enterprise.

1.3 Categories of Processes

Presley et al., (Presley et al., 1993) propose that business
processes may be placed into three categories: (1) those
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processes which transform external constraints into inter-
nal constraints (set direction), (2) those processes which
acquire and make ready the required resources, and (3)
those processes which use resources to produce enterprise
results. By providing categories to organize processes,
more holistic enterprise designs may be achieved. Figure
1 shows activities (boxes) arranged into business proc-
esses (ellipses). The business processes are organized into
an enterprise represented by the larger box. At this high
level of abstraction, the enterprise itself is represented as
an activity that takes inputs and transforms them into out-
puts using available resources under the bounds of a set of
constraints.

Frequently the only activities or processes considered
in modeling and improvement activities are those listed as
category 3, which transform inputs into products and ser-
vices. However, it is as important to consider the strategic
and acquisition activities in an enterprise. Understanding
the different process categories is vital to develop useful
representations. Categorizing the different processes helps
to ensure that the frequently overlooked categories of set-
ting enterprise direction and acquiring and preparing re-
sources are considered.

Control

Enterprise
VV,—*—JV
— 0PI PLE——P Set direction
— CE‘EB— L [ Output
Input Transform
Acquire Resources
) Y
Mechanism

Figure 1: Categories of Processes

2 ARCHITECTURES AND FRAMEWORKS
2.1 Architectures

A system can be formally described by using an architec-
ture. An architecture is made of smaller blocks that define
the complete system. Zachman defines an architecture as,
“An architecture is that set of design artifacts, or descrip-
tive representations, that are relevant for describing an ob-
ject such that it can be produced to requirements as well
as maintained to the period of its useful life” (Inmon,
Zachman, and Geiger, 1997).

An enterprise architecture is fundamental for ena-
bling the assimilation of internal changes in response to
the external dynamics and uncertainties of the information
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age environment. It not only constitutes a baseline for
managing changes, but also provides the mechanism by
which the reality of the enterprise and its systems can be
aligned with management intentions. An architecture is
the foundation for managing modern enterprises.

Architectures support a formal reasoning about the
present system state. They provide a complete view in
which an organization works from the stage of raw mate-
rial procurement through product building until shipping
the final goods to the customer (Inmon, Zachman, and
Geiger, 1997). Architectures help in defining the compo-
nents of the enterprise completely in a way that meets the
needs of a business. An enterprise architecture is a tool
which can be used for developing a standard method for
viewing the system in which the enterprise operates in a
very broad range. The most striking advantage is that ar-
chitectures serve as a common tool for all the employees
across the entire enterprise. This in turn helps in enabling
the top management of the system to plan where it wants
to be as well as develop strategies to get there. Architec-
tures are the building block of an effective strategy, which
in turn forms the baseline of any successful modern busi-
ness strategy.

The salient characteristics of the most widely used
architectures are discussed in the following paragraphs.

John Zachman developed the Zachman framework
from his experience in various engineering and manufac-
turing industries. It goes beyond the traditional system
development cycle by considering the viewpoints of the
various responsible people in the organization. The
Zachman framework is essentially a matrix consisting of
five rows and six columns. The five rows of the frame-
work represent the individual perspective of five different
layers of the organization. The six columns of the frame-
work talk about the various dimensions that an individual
perspective has to decide on. By following a sequential
methodology as proposed by the Zachman framework an
enterprise can approach any project or solve any crisis in
a systematic manner. It provides a nomenclature of con-
cepts for relating different dynamics existing in an enter-
prise. It also provides fundamental distinction to areas
overlooked by traditional system design. This framework
serves a common language throughout the enterprise to
describe the various issues under consideration (Inmon,
Zachman, and Geiger, 1997).

CIMOSA (Computer Integrated Manufacturing Open
System Architecture) was developed by academic institu-
tions for CIM manufacturers and other government agen-
cies. CIMOSA architectures moves from a general to par-
tial and then to particular case for every view and
dimension. It is a process- oriented modeling approach. It
promotes descriptive modeling rather than perspective
modeling. As compared to the Zachman framework
CIMOSA’s views and dimensions are developed as per
the requirements of the CIM manufacturer (Bernus,
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Nemes, and Williams, 1996). PERA (Purdue Enterprise
Reference Architecture) was developed for enterprise
modeling for a CIM (Computer Integrated Manufactur-
ing) factory at Purdue University. PERA establishes a ba-
sis for the treatment of human-implemented functions. It
represents information system tasks with manufacturing
tasks and human-based tasks. PERA clearly defines the
extent of automation by distinguishing between humans
to those done by the system (Bernus and Nemes, 1996).

The GRAI — GIM methodology was established at
the University of Bordeaux to help the designer model a
production management system. It is a structured ap-
proach supporting the whole life cycle of a system and is
divided into two parts: User oriented and technical. GRAI
— GIM is used as a reference guide during the implemen-
tation or operational phase of a project (Bernus, Nemes,
and Williams, 1996).

GERAM (Generalized Enterprise Reference Archi-
tecture and Methodology) is a generalization of existing
architectures GRAI-GIM, PERA, and CIMOSA made by
the International Federation for Information Processing
(IFIP) and the International Federation of Accountants
(IFAC). This architecture combines the best features of all
the existing architectures reviewed by IFIP / IFAC task
force (Mills, and Kimura, 1999).

In conclusion, the striking characteristics of any ar-
chitecture can be briefly summarized in three main points:
(a) Taxonomy of concepts for relating things, (b) Clear
distinction to areas that were being over looked by tradi-
tional System Development Life Cycle which are mainly
1-Strategy, 2 — Analysis, 3 -Design , 4 — Construction, 5 —
Documentation and 6 - Production. (¢) Common language
to describe the subject matter that can be easily under-
stood across the organization.

2.2 Frameworks

The main aim of any framework is to define the relevant
business requirements that apply to the evolution of the
architecture. “The Framework as it applies to the enter-
prise is simply a logical structure for classifying and or-
ganizing the descriptive representations of an enterprise
that are significant to the management of the enterprise as
well as to the development of the enterprise’s systems”
(Inmon, Zachman, and Geiger, 1997). Frameworks define
the architectural vision that demonstrate the response to
the requirement of the enterprise. The requirements are
based on the business goals and strategic resources of the
organization. Frameworks define an architecture for a
specific purpose and speed up its development.

When architectures are developed to cater for a spe-
cific industry or sector they are called a framework. They
ensure full coverage of the designed solution. The striking
features of the widely used frameworks like IAA (Insur-
ance Application Architecture), EAP (Enterprise Archi-
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tecture Planning), ISA (Information System Architecture
Framework) are described in the following paragraph.

ISA and EAP are adaptations of the Zachman frame-
work, which do not include the people, motivation and
time dimensions present in the original framework. ISA is
applicable to the Information Systems industry. EAP was
developed by the Chief Information Officers (CIO) Coun-
cil in April 1998 for a federal directive. EAP provides
general guidelines to all federal agencies to develop their
own information architecture. This promotes Federal in-
teroperability, Agency resource sharing which reduces in-
frastructural costs for all the agencies as they share data
and information. This is mainly used by the departments
of the federal government to have consistency while de-
veloping a framework (EAP). IAA is a generalized busi-
ness framework for the insurance industry, developed by
collaborations between more than 40 insurers worldwide.
It helps to create and maintain a single view of clients,
and of the entire enterprise. It also allows designing new
business systems infrastructures and has the flexibility
needed to react to market dynamics. It can also accom-
modate changes in corporate strategy (IAA).

In conclusion, the striking characteristics of any
framework can be briefly summarized in two main points:
(a) It is a plan that helps in achieving the goals of a spe-
cific industry, and (b) It is a particular component meant
for a particular purpose, meaning that its use is only for a
particular purpose.

As can be deduced for the variety of frameworks in
the preceding section, there is no single universally cor-
rect architecture. We know and we have seen that various
architectures have been used to adapt to various kinds of
industry to suit various applications.

2.3 Comparison and Contrast

Architectures and frameworks are very commonly used in
defining enterprise models. These are terms that are
highly inter linked and ambiguous. Due to lack of clarity
and understanding of these terms may a time they have
been wrongly used in place of the other. This necessitates
the need for defining these terms clearly so that they can
be clearly understood by all. Hence it becomes essential
to understand the demarcation line between these. Our
definitions of these two misused terms follow:

Architectures help in building the enterprise system
in such a way that it targets the end system while a
framework builds on defining the various points of the
organization and thereby help in building and defining the
architecture. An architecture provides a bigger picture of
the entire enterprise by taking into account all possible
views, integrates them to provide the bigger picture
thereby enabling enterprise to achieve its goals.
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A framework is much more focused as compared to
an architecture and is generally used when applied to a
particular industry/ situation or sector. The previous sec-
tion has provided a clear understanding of enterprise ar-
chitectures and frameworks. It has also provided a clear
distinction between the two concepts. With a clear under-
standing of Enterprise Architectures and Frameworks now
Table 1 shown below provides a clear distinction between
the two.

Table 1: Comparison between Architectures and
Frameworks
Sl. | Enterprise Commonly Should be called
No | models known as as
1 ISA Architecture Framework
IAA Architecture Framework
3 EAP Architecture Framework
4 TOGAF Architecture | Tool for defining
an architecture
5 Zachman Framework Architecture
6 PERA Architecture Architecture
7 GERAM Architecture Combination of
Architecture
8 GRAI - Architecture Architecture
GIM

We know that most of the commonly used Architec-
tures and Frameworks have forms that are very similar to
a Matrix that have various rows and columns.

A close look at any of Architecture or Framework re-
veals that they have a few rules that they follow. A few
main rules are:

(1)The columns have no order, (2) Each column has a
simple, basic model, (3) The basic column of each model
must be unique, and (4) Each row represents a distinct,
unique perspective. (5) Each cell is unique, (5) The inte-
gration of all cell models in one row/column constitutes a
complete model from the perspective of that row/ column
and they have recursive logic.

The previous sections on architectures and frame-
works discussed how an enterprise architect can plan the
required models. However, we are interested in under-
standing the types and uses of existing models within an
enterprise. This research is focused upon enabling the re-
use of enterprise models. A model must be of value
throughout the life of the enterprise to be reused, so it is
important to understand the characteristics of useful mod-
els. The following section discusses the characteristics of
a living model of the enterprise and the subsequent sec-
tion discusses taxonomy for enterprise models facilitating
reuse of these models.
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3 A LIVING MODEL OF THE ENTERPRISE

The living enterprise model must have the following
characteristics to be effective: (Huff et al., 1991)

Maintainable. A key feature of the model is that the
model accurately represents the enterprise at all times.
Enterprises change, therefore the model must change. The
model must be easily extended to incorporate changes to
one aspect of the enterprise, and those changes must be
easily incorporated. This leads to the question of a “top-
down” or a “bottom-up” approach. The “top-down” ap-
proach leads to a more holistic model. The “bottom-up”
approach tends to allow for the modeling of an aspect of a
system and then connecting the various components as
they are validated.

Dynamic. Again, as the system changes, so must the
model. Most enterprise models are static. A living model
of the enterprise must change as the system changes. It
must also provide important information on both the rate
of change and the reason for change.

Expandable. The model must also support the addi-
tion of new subsystems. Especially in phased implementa-
tions, additional aspects of the enterprise will be assimi-
lated into the living model of the enterprise. Therefore, it
is imperative the modeling methodology be expandable to
include these new models.

Decompositional. Models currently provide multiple
levels of detail. This is primarily to provide understanding
of the enterprise by various levels of management. The
living model of the enterprise must support not only the
understanding, but also the decision making and control
of the system at various levels of detail.

Consistent with key enterprise metrics. One of the
primary goals of a living enterprise model is to ensure that
the model has intrinsic value. By creating the model to be
consistent with current enterprise metrics, and even creat-
ing the model to drive the metrics, the model becomes an
integral part of the enterprise.

Driven directly from actual enterprise data. The in-
puts to and the outputs from the living enterprise model
must be actual data from the enterprise. The model must
drive the enterprise and the enterprise must drive the
model. This ensures model realism and “believability”.

Now that a foundation has been laid for the basis of a
living enterprise model, the following dimensions of liv-
ing enterprise models are proposed. Combining the like
features of the requirements listed, three dimensions of a
living model of the enterprise are identified (Whitman and
Huff, 1997). The decompositional nature of enterprise
models provides the scope dimension of the model. The
model’s consistency with key enterprise metrics (drives
the enterprise), and the extent the model is driven from
enterprise data defines the dual role of the enactment di-
mension. The 'maintainability and the expandability of
the model define the model dynamicity. The three dimen-

852

sions of a living model are: scope, enactment, and the dy-
namicity of the model. A description of each of these
characteristics follows.

Scope is the pervasiveness of the model throughout
the enterprise. Enterprise modeling by its very nature is
intended to provide a holistic representation of the entire
enterprise. It is sometimes necessary to bound the model
to a subset of the enterprise. The bounds describe the
scope of the model.

Enactment is the level in which the model drives and
is driven by the system. There is a wide variation in the
enactment capabilities of a living model. A model can
range from no enactment at all to driving the entire enter-
prise and providing all inputs and reporting the status of
the enterprise when requested. Some more likely phases
of enactment might be to use a workflow arrangement,
which can provide either direction to enterprise personnel
allowing them to deviate slightly from the process or re-
quire strict adherence to the process.

A model that is dynamic is able to respond to both
permanent and temporary process changes to the system.
As has been previously discussed, an important living
characteristic of an enterprise model is its ability to
change. This dimension denotes this ability. Most models
today are not easy to change. The phases of dynamicity
range from no capability to the model changing itself. A
model could change itself by being capable of learning
from its environment and then modifying itself to reflect
and implement the new process (Wood, 1994). This dy-
namic dimension is not to be confused with simulation
models, which are often called dynamic representations.

4 ENTERPRISE MODEL CLASSIFICATION
METHODOLOGY

The main focus of this research is the understanding and
comparison of enterprise models. However, this does not
include the ranking of a model against another model.
That is why the proposed metric for a living model of the
enterprise is multi-dimensional rather than a single value.
In other words, this is not an attempt at a single living
model of the enterprise unity metric. This research is also
not about defining a metric that defines the various attrib-
utes of a model regarding complexity, maintainability, or
interfaceability; although these would be excellent topics
for future research. Rather the primary intent of this re-
search is to propose a methodology for classifying enter-
prise models to provide a mechanism for the common un-
derstanding of what the model is and thereby provide a
starting point for recognizing opportunities of improve-
ment in the model. It should be noted that the authors do
not propose that all models “be all things to all enter-
prises.” Rather, an understanding of what the model is as
well as what it is not will lead to more useful models in
the business of the enterprise.
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The remainder of the paper discusses the proposed
approach to classify enterprise models with the four di-
mensions: view, scope, enactment and dynamicity dis-
cussed previously. This is shown in equation 1 below.
The view is designated by the first letter of the view used;
activity, process, information, resource, or organization.
The scope is designated as shown in Table 2 based on the
three categories of processes. The dynamicity dimension
refers to how often the model is updated. The scale is
listed below in Table 3. The final dimension of enactment
is divided into the two aspects of enactment, how much
the model drives the enterprise and how much the model
is driven by the enterprise. Again, the scale for this di-
mension is shown in Table 4 below.

V (S,D,E) (1)

Where: V is the view (A, P, I, R or O), S is the scope
level, D is the dynamicity level, and E is the enactment
level. Tables 2, 3, and 4 provide the details of the charac-
teristics of each level.

Table 2: Scope levels of a living model of the enterprise

Level Characteristic

Multiple e All three process categories are
Enterprises modeled across multiple enterprises
&)

Multiple e  All three process categories are
Division (4) modeled at multiple enterprise sites
Enterprise e  All three process categories are

3) modeled

System (2) | ¢ Models are increasingly considered
an asset and are therefore required
for major single time decisions
Models are not considered an asset
and are therefore needed only for

single small decisions

Initial (1) .

Table 3: Dynamicity levels of a living model of the

enterprise
Level Characteristic
Multiple En- | e  All three process categories are
terprises (5) modeled across multiple enter-

prises
All three process categories are

Multiple Di- | o

vision (4) modeled at multiple enterprise sites
Enterprise e  All three process categories are
3) modeled

System (2) e  Models are increasingly considered
an asset and are therefore required
for major single time decisions
Models are not considered an asset
and are therefore needed only for

single small decisions

Initial (1) °
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Table 4: Enactment levels of a living model of the

enterprise

Level Characteristic

Optimizing | ¢ A suite of models is used which both

(5) drive and are driven by the enter-
prise in a systematic manner.

Managed e A formal plan is in place for models

4 to drive and be driven by the enter-
prise when deemed appropriate.

Defined e A formal plan is in place for models

3) to drive or be driven by the enter-
prise when deemed appropriate.

AdHoc (2) [ ¢ Models are driven/Models drive in-
frequently when convenient (less
than once a year)

No Enact- | ¢  Models are not considered an asset

ment (1) and are therefore needed only for
single small decisions. Subse-
quently, models do not drive and are
not driven by the enterprise.

Two examples are now provided of the enterprise
model classification methodology. The first is an activity
model and the second is a process model. Both examples
are taken from previous work at the Automation and Ro-
botics Research Institute.

The activity model used is from a modeling effort of
an aerospace company performed by ARRI in 1995. It is
fairly easy to determine the scope of the model, as its A0
level activities are direct enterprise, manage assets, acquire
customers/orders, design products/processes, and fill or-
ders. This model was one of the base models for the manu-
facturing enterprise reference model (Whitman, 2001a) and
it is easy to recognize that only the support product activity
is not listed. The model is of a single division and therefore
a value of 3 is assigned for its scope. This model is now
four years old and has been updated less than once a year,
which is when it is convenient to update the model; so, a
dynamicity value of 2 is assigned. The model provides in-
put to the enterprise on a quarterly basis and therefore R is
2. So, the enterprise model values are:

A3,2,2) (2)

The process model used is from a modeling effort of
the same aerospace company performed by ARRI in
1998. 1t is fairly easy to determine the scope of the model
as it is of very limited scope. The only activity addressed
by this model (and that only partially) is the fill orders ac-
tivity. The model is considered valuable to make a one-
time decision. Therefore, this model has a scope of 2.
This model is still less than one year old and has been up-
dated once, so it is assumed that the model will be up-
dated on an ad hoc basis so a dynamicity value of 2 is as-
signed. The model provides input to the enterprise on a
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one-time basis and therefore R is 1 for no enactment. So,

the enterprise model values are:
P(2,2,1) 3)

These examples demonstrate how a modeler how the

resultant methodology can communicate the use of differ-
ent models with different intents.

5 CONCLUSION

This paper presented a classification methodology for a
living model of the enterprise. It presented the basis of a
living enterprise model and the dimensions of living mod-
els of the enterprise. Scope is the pervasiveness of the
model throughout the enterprise. Enterprise modeling by
its very nature is intended to provide a holistic representa-
tion of the entire enterprise. The model’s consistency with
key enterprise metrics (drives the enterprise), and the ex-
tent the model is driven from enterprise data defines the
dual role of the enactment dimension. The maintainability
and the expandability of the model define the model dy-
namicity. This classification methodology for a living
model of the enterprise can serve as a tool for enterprise
engineering. The methodology will allow for comparison
and evaluation of various enterprise models. A direct
benefit of this research is a more clear understanding of
how the enterprise modeling community uses enterprise
models.

The result of this methodology is a clear and consis-
tent understanding of the nature and use of enterprise
models in a specific enterprise. By articulating taxonomy
of models within an enterprise, model reuse is enabled.

6 FUTURE DIRECTIONS

Future research will apply these concepts to a collection
of models of an enterprise. This paper has now estab-
lished a clear distinction between Enterprise architectures
and frameworks in lucid manner. The need now is to de-
velop a general architecture for the general sector and
frameworks for catering to specific enterprises. This can
be done by selecting the appropriate dimensions and
views. The future enterprise architectures and frameworks
developed should be agile enough to cater to the con-
stantly changing market demands.
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