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Abstract The entity-based approach for operations modeling was published for the first
time three decades ago. Specifically, the notion of entities as the main subjects of processes
and entity life-cycle as a technique for dynamic modeling of operations were introduced
independently by K. Robinson in 1979, C. Rosenquist in 1982 and M. Jackson in 1983. This
modeling work emerged in clear contrast with static entity-relationship modeling found in the
data-base tradition. These three pioneer contributions and other substantial research done
at the realm of information engineering, structured systems analysis and social sciences in
the 80’s and 90’s have established an important foundation for business operations modeling.
On the other hand, Business Process Management (BPM) has continued to receive great
attention from practitioners and scholars. Being one of the main hinges between theory and
practice of business operations, BPM enjoys contributions from several domains of research
such as economics, social sciences, engineering and computing. In spite of its steady growth,
the industry side of BPM seems to have evolved somewhat unaware of related progress in the
above sister disciplines. Specifically, recent claims on the need to integrate information and
activities in process modeling and some rediscoveries of core ideas from entity-based dynamic
modeling offer some examples of the disconnection. These and other findings suggest that
the BPM field may not have yet fully benefited from the work done in the tradition of
structured analysis, information engineering and process theory schools. Furthermore, the
possibility of using entity life-cycle for modeling operations addressed by Case Management
is an important byproduct. Entity-based life cycle offers a conceptual framework to integrate
different types of enterprise operations whose modeling has not yet been reconciled in the
BPM tradition.
This paper presents an in-depth, multidisciplinary review of the state-of-the-art on
entity life cycle modeling. The focus of this review is exclusively on modeling concepts and
methodology while tools, programming models and other aspects of entity-life life cycle
implementation will be addressed in companion papers. This review should also help pave
more holistic approaches to business process modeling.
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Introduction and Overview

Business processes have attracted a great deal of attention from different
communities of practice and scholars for several decades.
Business Process
Management (BPM), i.e., the analysis, design, implementation, optimization and
monitoring of business processes1 has emerged as an area of study from different
sciences. The BPM market builds upon the need from enterprises to reduce
operating costs through process automation and optimization. Being one of the
main hinges between theory and practice of business operations, BPM enjoys
contributions from several domains of research such as economics, social sciences,
engineering and computing. While the BPM domain is not new, there is intense and
sustained interest both from practitioners and academics[33,100] .
The evolution of BPM has not happened without significant struggles,
divergence and to some extent, also confusion. The state-of-the-art is plagued by
language chasms, cultural silos and idiosyncratic viewpoints.
Some of these
challenges were documented recently in Refs. [20,52,87,90] and others. In Ref. [90],
the authors state the BPM challenge in clear terms: “Considerable confusion exists
about what Business Process Management entails . . . ”. The authors in Ref. [52]
present a list of main issues faced in business process modeling. The wide number of
distinct subjects and priorities raised by three types of experts who participated in a
Delphi study (academics, vendors and practitioners) provides evidence about the
struggle in BPM. The need for aligning the research agenda to the main challenges
faced by industry is also called out in the closing recommendations from the study
in Ref. [52]: “. . . despite being an actively researched field, anecdotal evidence and
experiences suggest that the focus of the research community is not always aligned
with the needs of industry”. The authors in Ref. [90] also addressed the importance
of rooting BPM activities in industrial practice and correctly questioned the
understanding of the actual adoption of BPM by organizations: “. . . it may come as
a surprise that contemporary insights are missing into which categories of
organizations are adopting BPM and which type of BPM projects they are carrying
out”.
While the goal of this paper is not to provide a survey of BPM, it will be useful to
illustrate some of its confounding aspects. This discussion will also help position the
main subjects of this series within a context that should be valuable to practitioners
and scholars. The first BPM challenge is the very meaning of business process. In
spite of several decades of work in this area, the definition of business process is still
troubled by ambiguity. A review of the literature shows that there is not a single,
formal definition. Following Ref. [17], a business process is “a structured, measured set
of activities designed to produce a specific output for a particular customer or market”.
According to Ref. [132], “a business process consists of a set of activities that are
performed in coordination in an organizational environment. These activities jointly
realize a business goal.” On the other hand, Ref. [39] state “a business process is a
collection of activities that takes one or more kinds of input and creates an output that
is of value to the customer” and in Ref. [103], a process is defined as “the complete and
1 In Ref. [124] the authors state that BPM “. . . supports business processes using methods, techniques,
and software to design, enact, control and analyze operational processes involving humans,
organizations, applications, documents and other sources of information”.
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dynamically coordinated set of collaborative and transactional activities that deliver
value to customers.” Many other definitions using similar but not identical terms
also exist, such as those in Refs. [18,38,56,79] and the list goes on2 . Reference [64]
worked on the “configurability” of business process models broaden the discussion
and suggested that the problem should be tackled from multiple-perspectives.
Object Management Group (OMG) recognized the foundational problem with
the definition of process. In Ref. [102], the author states: “there is no agreed-upon
industry definition of Business Process. Instead, there are multiple definitions, each
looking at the field from its own unique point of view, concentrating on its own set of
concerns”. Certainly, it is not a matter of one definition being right and the others
being wrong, as also stated in Ref. [102]. But the varying points of view used in these
definitions cannot be attributed only to differences between rigorous specifications
and practical concepts from consultants or analysts: the foundations under differing
views are not identical3 . As a consequence, the main efforts in process modeling
standardization have not yet yielded the expected outcomes, as discussed in Ref. [88]
and more broadly exposed in Ref. [52].
If taken verbatim, some of the above definitions of process may be interpreted
in such a general form that almost everything an organization does could be
included within BPM. A consequence of this ambiguity is the difficulty to draw a
distinction between the organizational concerns addressed by business process
management from those which are not. Unquestionably, most people do have a
similar and informal notion of “business process”. But this intuitive agreement does
not mean a convergence across viewpoints. In fact, the variations in the definition of
process suggest that the term may be a boundary object across disciplines,
individuals from different units of an organization or communities of practice. In
other words, the notion of business process may be a common denominator linking
different organizational phenomena, a reification of a non-existing artifact or a
convenient term to denote a wide and general class of organizational behavior.
Other disciplines in Social Sciences have also focused extensively on the concept of
process and its definition. In a seminal paper[114] , the authors proposed to “reduce the
confusion” by distinguishing between three meanings of process, namely, (1) a logic
that explains a causal relationship between independent and dependent variables, (2)
a category of concepts of variables that refers to actions of individuals or organizations,
and (3) a sequence of events that describes how things change over time. In fact, Van
de Ven’s work addressed these concepts in the context of one of the most complex and
critical types of processes in organizations, i.e., the strategy process. The depth of
Van de Ven’s classification reveals the foundations underlying most business process
definitions in BPM. In spite of having been published two decades ago, this work has
gone unnoticed in most of the BPM literature[1,59,60,70,81,87,109,111] .
2 Interestingly,

Van der Aalst excludes in his definition certain families of processes such as strategy
processes.
3 The comments from a Masters student posted late in 2010 show that the ambiguity of the BPM
definitions is a topic of struggle beyond academics, analysts and standards organizations: “When
I started writing my master thesis I came across loads of BPM definitions [. . . ] it seems that
businesses like Wikipedia better than academic materials and actually I have to admit that we also
use this definition [text extracted from Wikipedia] in our company because it is more self explaining
than the other definitions” [126] .
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Another challenge faced in BPM comes from the restrictions imposed on the type
of business processes through which the above ambiguities may be resolved. The issue
is that these restrictions are not always established clearly or maintained distinctly
in the course of the work reported, as illustrated by work done on ‘Workflows’. With
some notable exceptions like the contributions from Van der Aalst et al.[119,120-124] ,
restrictions made on the class of processes being modeled as ‘workflows’ get blurred
and consequently, business process and workflow are often used interchangeably. For
instance, it is common to find books and papers talk indistinctly about processes and
workflows even if their target is only the latter4 . Furthermore, most tools known
in BPM provide the capability to design ‘flows of tasks’. In spite of the fact that
not all processes can be modeled as flows, these tools are said to represent ‘business
processes’ without revealing much about the underlying restrictions on the type of
processes actually supported. Lastly, it is also known that from a conceptual point of
view and considering the variety of actual operations in organizational practice that
a business process is more than just a workflow5 .
The third example is concerned with language chasms across different schools of
thought or communities of practice. In particular, there is an unclear relationship
between the concept of business process and that of organizational routine. Rich
literature is available on the study of routines[2] , the significance of routines as a unit
of analysis for organizations[67,83] , the collectivist meaning of routines and the need
for establishing solid micro-foundations[28] , and others. It is very likely that business
process and routine address identical concerns in organization theory; however, in
spite of the prolific technical production in the two subjects during decades, their
formal relationship and the reasons for keeping two different terms remain unclear.
The last example is the relationship between BPM and Case Management (more
recently also called Adaptive Case Management by the authors in Ref. [105] and
Dynamic Case Management by analysts in Ref. [32]). The need for Case Management
has been illustrated with different enterprise operations such as claim processing in
insurance and account opening in banking. However, the reasons why these operations
are amenable to case modeling and not fit for process modeling are rather obscure.
Specifically, it is not clear whether the need for Case Management is the result of the
limitations of BPM software systems or due to the focus of the BPM discipline on
specific processes (i.e., those that can be described by using the BPMN standard).
Van der Aalst and others[125] presented Case Handling as a new paradigm for
supporting flexible and knowledge intensive business processes. Henk de Man[20]
states that ‘workflow’ is an adequate representation for factory-type, highly
predictable behavior admitting for little or no deviation from pre-established
models. De Man also recognizes that this type of ‘factory’ behavior is not all what
organizations do. In recent literature (Ref. [58]), the argument in support of the
need for Case Management hinges around the fact that “Case Management allows
the business to be described in known terms rather than artificially fitting it into a
process diagram”. This statement seems to corroborate that conventional BPM
modeling is adequate only for certain types of processes while the scope of
4 In

some cases, the term “workflow process” is also used (see, for example, Ref. [3] and other more
recent documents from the Workflow Management Coalition (WfMC)).
5 See Ref. [24] for an enlightening exposition on this statement and some of its consequences.
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operational behavior found in organizations is much wider. This limitation of BPM
software, foundationally based upon the Business Process Management Notation
(BPMN), renders Case Management software systems amenable to a large family of
commonly encountered operations in organizations[20,93] . However, whether the
advent of Case Management is explained by software limitations of BPM products
or by a limitation of modeling approaches in BPM (including the BPMN standard)
remains unclear. This subject is definitely important and will be revisited later in
this paper.
It is clear that BPM will benefit from an in-depth review of contributions that
other disciplines bring to bear to process modeling, particularly in the context of
entity-based and life cycle modeling of processes. This paper addresses the state-ofthe-art of entity-centric approaches to operations modeling. The content is limited
to techniques for modeling and methods for discovering the elements that are within
the model boundaries. In Section 2, the foundational concepts of entity and life cycle
will be reviewed from systems design and information engineering. These concepts,
well-known and documented for several decades in the tradition of these disciplines,
provide some important unification of concepts for BPM. These capabilities will be
discussed in the context of families of processes not conventionally covered by BPM,
including Case Management-amenable processes. Conclusions are also included in
Section 3 with pointers to upcoming work and other activities related to the content
of this paper.
The review of the state-of-the-art in this paper suggests that entity-based
dynamic operations modeling is a very important instrument in the repertoire of
capabilities for process modeling and business analysis. While the roots of this
approach come from several decades of work and different schools of thoughts, not
all BPM practitioners seem familiar with these concepts and their literature sources.
On the other hand, entity-based and life cycle modeling applied to BPM is vast in
several aspects not covered in this review. For example, software tools, formal
specifications and programming models are also important. These dimensions have
received substantial attention recently through work that goes well-beyond the
foundational roadmap paved along three decades. Due to the extension of the
present review, these important dimensions are left for a future paper.
2

A Review of the Concepts of Entity and Life Cycle

In spite of notorious ambiguities in the definition of business process, the
concept of process takes mainly a historical developmental perspective and focuses
on the sequences of incidents, activities and stages that unfold over the duration of a
central subject‘s existence. Van de Ven proposed this definition as one of the main
three usages of process[113,114] . It is important to remark that this notion of process
is essentially a Social Science construct. Being organizations social systems, it
should not be surprising that many important ideas that support the formal study
of enterprise operations may be found at the realm of Sociology. In fact, the
description of the real-world finds its roots into process metaphysics and basic
philosophy. Processes and Things represent an important duality of principles
coming from different schools of thought since the times of ancient Greek
philosophers. The issue of whether substance has priority or primacy over processes
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or instead, processes have priority or primacy over things has paved the journey of
several doctrines and internal variations.
Computer scientists noticed how the dilemma of seeing the world through nouns
or verbs has landed also in Business Process Management. For example, in Ref. [68]
the authors documented: “. . . business stakeholders describe their business by stating
‘first we do A, then B, then C, and while doing C, we also do D’. We propose to
focus on what is acted upon, thus describing business operations by first identifying
things that matter to their business (e.g. Purchase Order, Insurance Claim), and
second how these things are processed to achieve a certain goal”. Several decades
earlier, Robinson introduced the critical role of subjects (i.e., things that matter ) in
the description of processes[92] . The same principle was pursued in parallel at least by
two other authors, specifically Rosenquist[95] and Jackson[54] . The integration of these
two views of the organization, i.e., things and processes, represents a phenomenal task
in terms of depth and significance of the endeavor[91] .
As stated by Social Scientists the general meaning of process in organizations
encompasses explicitly two main dimensions, namely, a central subject and a family
of activities that the subject goes through during the course of its development 6 .
These two dimensions and their linkages have been addressed through decades of
research and practice also in other disciplines such as structured analysis, information
engineering and systems design. The jargon used is not identical in all cases as, for
example, Information Engineers have preferred to call the central subject an entity
and the incidents events; some Computer Scientists have occasionally used the terms
artifacts and tasks. S ocial Scientists have used terms such as things, actors and
activities; and so on. Beyond these language differences, there is an identical concern
addressed in the individual disciplines which also explains the remarkable similitude of
the main concepts. Process and entity have traditionally been two different ontological
views that have greatly influenced the study of organizations along differing journeys.
These views have emerged from different foundations and in fact, this distinction
has not only permeated through organizational theories but also other disciplines
including Art History[71] . The distinction between viewing reality either as things
or processes has deeply influenced the study of organizations as nouns (i.e., social
entities) and verbs (social processes). Exemplary cases of this dichotomy are the
works of Refs. [45,107-109] and Ref. [133]. In Ref. [115], an excellent bibliographic
account and research summary of the ontological view of organizations as things and
organizing as processes have been presented.
On the other hand, the Information Engineering and Structured Analysis
foundations linking processes to entities and their developments can be found in
several seminal works such as Refs. [10,53,54,73,79,92,95], among several others.
Interestingly, these key contributions from Information Sciences have taken place
independently from others in Social Sciences. This Section will reconcile some of the
contributions made from different disciplines and will shed light on the value for
6 More

precisely, in describing the progression of an entity, the work in Ref. [113] embraces all core
concepts that are also found in the tradition of information systems schools. Specifically, Van de Ven
refers to the verbs that support an entity development (i.e., activities); the incidents that affect its
evolution (i.e., events) and the stages the entity goes through its progression reaching well-defined
states (i.e., stages or milestones). While the context of Van de Ven’s work was strategy process, the
concepts are directly applicable to all processes.
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business process management. One of the main objectives of this Section is to
provide a thorough review of the work done on the fundamental connection between
‘things’ (entities) and ‘behavior’ (processes).
Summarizing, Process and Entity are both critical concepts for organizational
design and analysis and have been cultivated for a long time in both Social and
Information Science. This interdisciplinary connection also provides a richer insight
than any one approach provides by itself. Furthermore, the linkages between
processes and entities developed mostly at the realm of the European Information
Science schools constitute a body of essential, practical and inspirational outcomes.
These topics will be addressed in more depth in the following Section.
2.1

Process structures as entity life cycle models

The history of entity-based approaches to process modeling is rich and deeply
rooted in the tradition of different schools. The notion of entity was introduced first
as a static concept and its origins go back in time, at least, to foundational work
done on data-bases in Computer Science.
In the data-base tradition,
entity-relationship models incorporate some of the important semantic information
about the real world[12] . Chen’s highest level view of the model is about significant
chunking of information, done accordingly to business operations semantics and not
fine-grain data-level representation concerns. In Chen’s own words “Level 1 consists
of information concerning entities that exists in our minds”. Chen goes further in
explaining and illustrating the coarse-grained notion of entity: “. . . An entity is a
‘thing’ which can be distinctly identified. A specific person, company or event is an
example of an entity”. Potential issues in using Chen’s notion of entity for dynamic
models do not necessarily reside in granularity considerations but in the static
nature of the derived model. This means that a potentially large number of entities
will be made into the model without being necessarily needed for dynamics.
Granularity or significant chunking can always be adjusted from a data-base
modeling view to a more business-centric need by selecting things that business
people care for their operations. Even though the data-base approach to entity
modeling leads to a static time-slice of reality rather than reality itself
(Refs. [54,92]), the value of this entity-discovery approach for dynamic models was
recognized in Refs. [14,79,81,95,101] among others.
The independent works of Robinson, Rosenquist and Jackson documented the
main seminal ideas and foundations of entity life cycle modeling (Refs. [54,92,95]).
These authors introduced the central concepts and developed simple techniques to
guide the selection of entities that are essential to dynamic models. According to the
work of these authors, there are three main key characteristics that entities involved
in the modeling of dynamic operations should satisfy:
– The concept of entity includes both the case of things described by a type as
well as individual things in the world being modeled. Depending on the
operations being modeled, individual instances and classes of things existing in
the enterprise may be needed inside the model boundaries. This requirement
means that the concept of entity includes both. Jackson addressed and
illustrated the importance of this concept phenomenally well in the
Entity-Action step of his method (see, for instance, pages 64 and on in
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Ref. [54]). This characteristic is important and it has transpired in practical
methods for identifying candidate entities. For example, Ould suggests to test
potential candidate entities by using the word ‘a’ or ‘the’ in front of selected
nouns that are of essence to the business being modeled[79,81] . On the other
hand, as observed by Rosenquist, end-users are not familiar with the
distinction between types and instances so it is important that the difference
between the two concepts is made visible in the model only for the right
stakeholders[95] .
– Each entity is unique in the sense that it has a unique identity or individuality
that distinguishes it from any other entity in the world. This means that
instances from a type or individual entities not deriving from a type are given
unique identifiers and are kept distinct throughout their lives.
This
requirement allows different behavior in an organization to be modeled around
the same data. The concept was introduced and illustrated with different
examples in Ref. [54], such as the same person (including related personal
data) being represented as two different entities in a dynamic model (for
example, subscriber and reader in an information services company). In
particular, this characteristic implies that exactly the same information could
exist in repeated form and still be modeled as different and unique things
inside the model boundaries. In other words, it is not the intrinsic content of
the data (identical records) what makes an entity unique but the behavior
modeled around such information. This has been also highlighted by different
authors[7,55,78] among many others.
– Entities that are selected within the model boundaries are required to never be
inert things. Indeed, the defining characteristic is that an entity must have a
set of actions that it performs or suffers. This characteristic stresses the goal
of modeling dynamics of operations and thus, it establishes the notion of
entity distinctly from the data-base tradition. In particular, entities that
represent significant operational concerns in an organization are high-level in
the categorization from Chen, i.e., they involve “significant chunks of
information”.
The latter property will become clearer as life cycle is
introduced. This “significant chunking” yields typically a smaller number of
entities than those used in static models.
As the entities chosen should not be ‘inert things’, their significant changes
through the operations have to be captured in the model. This dynamic aspect can
be addressed in different ways depending on the kind of evolution an entity shows.
Many known operations in organizations are amenable to being modeled through
the notion of Entity Life Cycle (also called Entity Life History). Some of the
characteristics commonly found in the literature are as follows:
– An Entity Life Cycle charts all the events and activities that may cause a
particular entity occurrence to change in some way from its birth to its death.
– The stages that the entity may go through during its life are represented as a set
of states. Some authors called Milestone to a related concept, i.e., the specific
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conditions and events that need to be met by an entity at a state for such a
state to persist or for a transition to another state to take place[20,21,93,101]7 .
– A valid Entity Life Cycle has an associated graph in which its nodes are the main
states of the entity and the arcs denote the transitions that the events/activities
may generate during the entity’s existence.
The above concepts were introduced by different authors in the 80’s by using
slightly different but closely related ideas. Strictly speaking, Ref. [95] was the first to
present a complete Entity Life Cycle Modeling approach by following the above three
characteristics. Rosenquist also presented a method for identifying candidate entities,
defining the interconnection between different entity life cycles and representing life
cycles through finite state machines. Different authors and institutions have followed
his work, including the concept of access modes to manipulate an entity in its different
states by using the Create Read Update Delete permits (CRUD)[10,74] and others.
Figure 1 shows the role of Entity Life Cycle as a representation for process structure
and as a mechanism to integrate both data and process into the same modeling
approach[95] .
On the other hand, Fig. 2 shows a significant entity and its life cycle from the
work of Rosenquist. The entity in Fig. 2 and others in Ref. [95] such as ‘Company’,
‘Bank’, ‘Fluid Hydrocarbon Type’, ‘Storage Facility’, ‘Loading Facility’ and ‘Vessel’
are excellent examples of Chen’s Level 1 entities[12] . The business relevance of these
entities is self-explanatory. Indeed, ‘Client Contract’ represents a sizeable and
complex fragment of operations encapsulated under the name of this entity, even
more so considering that Oil Industry is the context used by Rosenquist. In
particular, this size explains also the rich number of events and states present in the
analysis of this entity, i.e., 20 and 10 respectively.

Figure 1.

7 In

The four quadrants of processes, data, “real-world” and “implementation
world” according to the seminal work from Ref. [95]

Refs. [121,122], Milestone was introduced as a workflow construct for deferred control in the
evolution of a process.
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The examples from Rosenquist, among many others available throughout three
decades of work in Entity Life Cycle, corroborate the fact that the granularity of the
entities in the model may be coarse or fine depending on the actual problem at
hand. These examples disprove that available entity models from data-base centric
approaches serve only static modeling needs. While data-base modeling is static, the
discovery of entities for dynamic operations begins with the identification of those
things that matter to the business. This list of candidate things plus the additional
requirements reviewed in this Section provide an excellent starting point and
prepare the list for further refinement in the life cycle phase of modeling. Rosenquist
also presented a method for identifying candidate entities, defining the
interconnection between different entity life cycles and representing life cycles
through finite state machines. Different authors and institutions have followed his
work and that of Jackson in 1983, including the concept of access modes to
manipulate an entity in its different states by using the Create Read Update Delete
permits (CRUD)[10,74] .

Figure 2.

Entity life cycle for the “Client Contract” entity[95]

The information contained into the detailed description of an entity is inherent
to Entity Life Cycle modeling and also a consequence of the specific implementation
chosen. The representation of an entity in an information system will have to carry all
the data needed to support and realize its life cycle. This means that the aggregation
of information encapsulated by an entity makes the data model quite localized in the
sense of providing all needed information about the life of the entity in ‘one place’.
This characteristic of entities for operational modeling has been long-investigated,
particularly at the realm of work in several European methods[106] . More recently,
this feature has been highlighted as an important characteristic of entities that matters
for business purposes in Refs. [14,78] and other authors.
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As Entity Life Cycle modeling requires taking into account the causes for
transitions across states in the model then, the detailed information held in an
entity aims at supporting the conceptual description of these transitions, collecting
the value-attributes involved during the entire life of the entity, etc. Some of these
conceptual rules have been discussed extensively in Ref. [106]:
– For each state transition, the cause that triggered the state transition must be
established.
– For each state transition, the transformations of data implied by the state
transition must be described.
– Once the data transformation has taken place, the causes that triggered the
transitions do not need to be necessarily traced.
The above concepts have also been more recently used under other names
different from entity such as business entities, artifacts, business artifacts and
adaptive documents. In Ref. [7], Bhattacharya, Hull and Su stated the convergence
of all these related concepts explicitly: “[this paper addresses] . . . a design
methodology for business processes and workflows that focuses first on ‘business
artifacts’ which represents key (real or conceptual) business entities, including both
the business-relevant data about them and their macro-level lifecycles”. In addition,
the same convergence is also explained and documented in Ref. [62]: “This modeling
paradigm, which models business processes as intersecting life cycles of information
entities, has been proposed.
Appropriately, this approach is called
information-centric process modeling. The information entities that are used to
describe business processes in this manner have been called various names, including
adaptive documents (ADoc) 8 , Adaptive Business Objects (ABO), business artifacts.
And lately, Business Entities”.
Another proof of convergence on the concept of entity beyond identical semantics
across independent interpretations is given by actual applications. The same entities
have been invariably used across most of the available literature in dynamic modeling.
This convergence is very important because it signals that entities provide a good
foundation to create a more stable description of operations and thus, establish the
basis for a process architecture. Indeed, a number of authors show the same set
of typical entities such as Purchase Order, Claim Form, Insurance Claim, Customer
Check, Drug Compound, Rental, Customer Complaint, Shipping Notice, Repair Order
and the list goes on. At the beginning of the modeling stages, these entities are
all simplified, i.e., they are described by using a short narration. As the dynamic
modeling task progresses, these entities are endowed with the necessary detail to
capture the entire information involved during their development or evolution but
implementation details aside, the examples show that when describing what a business
operations is about, entities provide a very appealing common ground.
Robinson in 1979 and Jackson 1983 used a different notation for modeling the
dynamics of an entity, yielding a variation of the above technique. These methods
8 An

Adaptive Document models a “Domain artifact” that displays state-dependent behavior. The
domain artifacts are essentially the concepts by which the problems and their solutions in the domain
are described[61] .
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are included in different text books, including those from Jackson in Refs. [53,54]. In
Ref. [92], the author proposed the specification of entity behavior by describing the
set of events that drives that behavior. He built upon the work of Jackson by using
JSA/JSD diagrams[53] to represent an entity’s development. Robinson considered a
number of entities and events as dual elements in his models which were based on
one life-history diagram per significant entity used. The core element representing a
Life Cycle of a single entity in the tradition of JSA/JSD diagrams is an event /
activity. The structure of JSA/JSD diagrams follows certain syntactical conditions,
essentially constraining the layout to be a combination of sequence, selection and
iteration of events / activities. The resulting graph is intimately connected to State
Transition Diagrams (STD). STD and its sibling, Finite State Machine (FSM),
were reviewed and illustrated with several examples in the book by J. Martin on
diagramming standards whose applicability goes beyond entity models[72; pp. 297] .
There is a strong duality between Jackson’s diagrams and Rosenquist’s state-based
representation. This duality will be addressed in the next Section.
The identification of critical entities, life cycles and their interconnections are the
main challenges in the analysis of business operations. In Rosenquist’s work, the latter
challenge is addressed through the following central idea: “. . . the interrelationships
between the corresponding life cycles are identifiable by establishing the entry priority
sequence in which the entities have to exist within the information systems universe
in order to satisfy the structure of the real world”. Life cycles for different entities are
also typically connected to each other because the complexity of the operations being
modeled requires more than an isolated entity. In particular, activities or events in a
given Entity Life Cycle can start a new life cycle for other entities. These relationships
are very important in describing the dynamics of a complete operating model. Simple
examples of such relationships or interdependencies are the ability to start or to halt a
life cycle from the life cycle of another entity. While this concept also comes from the
early work of Rosenquist, it has been elaborated into great detail by different authors
such as Jackson and Twaddle[55; pp. 69-160] . This problem has been studied more
recently by Kumaran, Liu and Wu through a deep characterization of duality of two
representations, namely a family of workflows and the corresponding entity-centric
life cycle model of operations[62] . Quite interestingly, the hierarchy of entities derived
heuristically by Rosenquist in Ref. [95; page 311] appears intimately related to the
“dominance” property relating different entities in Ref. [62]. Rosenquist’s notion of
“entry priority sequence” is a form of temporal order that requires less knowledge than
well-defined workflows, i.e., complete description of input entities and transformed or
created output entities for every task in the operations model of Kumaran et al.
The need for detecting ‘substance that matters’ -paraphrasing process
metaphysics studies- is not exclusive to life cycle as a model for dynamics. Indeed,
this need is also addressed in other modeling methods that start by finding a list of
potential things that matter to the business such as the work of Ref. [79]. Many
techniques have been published since the 80’s for the discovery of these “significant
entities”, i.e., chunks of operations relevant for different modeling purposes. These
“subjects” or “things that matter” have also become an essential instrument in
process architecture and related work on process taxonomies carried out since the
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early 90’s[79] , as will be reviewed later in this paper9 . In short, these essential
entities are most stable constructs to architect enterprise operations than the actual
tasks used to instrument the related behavior or said in simpler terms: the what is
more permanent than the how.
The seminal work from Rosenquist, Robinson and Jackson was continued with
two decades of contributions on methodology for practical systems definition and
implementation. For example, Learmonth and Burchett Structured Development
Method (LSDM) and its successor Structured Systems Analysis and Design Method
(SSADM) have incorporated the entity life-cycle analysis technique from Ref. [95].
This fact was explicitly acknowledged in Ref. [42; pp. 301-302] as part of a summary
of methodology efforts. Independently, the Business System Development (BSD)
series on best-practices and standard approaches established originally by the
Central Computer and Telecommunications Agency in the United Kingdom has
published a volume dedicated to behavior and process models in which Entity
Life-Cycle Analysis is the main method[10]10 . The schools of thought represented by
the work of Robinson and Rosenquist include many other individuals and
institutional contributors along three decades. The language used by Robinson and
Rosenquist shows clear traces imprinted by the Information Engineering
School[29,72,73] , (particularly, in connection to concepts such as “encyclopedia’, ‘finite
state machine transition diagram’, etc.) and the Structured Analysis and Systems
Design School[22,42,43,53,54,135] among others).

Figure 3.
9 In

State models from Ref. [74]

other sciences, this concept has received attention much earlier. For example, the notion of
“evolution of a subject” as a characterization of process[113] had been used in the study of narration
styles in literature since the beginning of the 20th century[84] . Also, the study of subject and the
distinction from object have been topics of active contribution by sociologists in the context of
actor-network theory[66] .
10 These facts imply that SSADM has evolved well-beyond the relatively “unstructured” modeling
of business activity from its early versions. More recently, CCTA and its standardization work in
information technology has been made a part of the Cabinet Office in the UK.
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The integration of a number of business dimensions such as process models,
rules, data models, strategies, goals, specifications, etc. lies at the realm of the
Information Engineering School[73] .
These individual dimensions and their
coordination through well-established techniques are among the core of the
Information Engineering deliverables11 . More precisely, in the methodological edifice
of this school, Business Area Analysis is a key phase in which processes needed to
run the business are identified, as well as how these processes are interrelated and
what data is needed. Martin states: ‘. . . in business systems, an entity type has a life
cycle. It is created, various processes are applied to it, and eventually is deleted. A
state transition diagram can help clarify the states that comprise the life cycle. This
analysis tool can help give a completeness and consistency check on the analyst’s
representation of processes and their dependencies’ [72; pp. 306] . This and other
references show that entity life cycle analysis is not only a very useful capability
pattern adopted for operations modeling but also confirm that STD is a useful tool
for analysts and system architects. Figure 3 shows a simple example. There are
different records in the literature of both the methodology and diagramming variety
for Entity Life Cycle modeling. Figure 3 shows a State Diagram structure and a
companion transition table proposed by Martin in Ref. [74] as diagramming
standards12 . In Ref. [42], a very similar notation was used, as shown in Fig. 4.
Obviously, this diagramming and notation resembles very closely the work by
Rosenquist in 1982 reviewed before in this paper.
The contributions from Robinson, Rosenquist and Jackson made it as an
integral part of the Information Engineering methods being adopted by many public
organizations, consulting companies and educators[41] . In particular, the linkage
between processes and entities has been addressed at different levels and in different
phases of the Information Engineering method. First, at a conceptual level,
process-entity matrices are one of the key artifacts provided by the
method[74; pp. 152 and 272] . Moreover, these matrices are also equipped with an
indication as to whether the type of action by the process is to create, retrieve,
update, delete the entity, or a combination of them (i.e., the well-known CRUD
acronym)13 . This matrix construct is one of the four main types of diagrams used in
the Business Area Analysis[74; pp. 171-180] . Admittedly, the conceptual linkage
provided by the process-entity matrix does not yield a technique to model processes
based on entities. But in further detailed phases of the Information Engineering and
System Design methods, entity life cycles are intensively used for operations
modeling (Refs. [10,42,74], among others).
11 The

Enterprise Architecture field has emerged from, and could also be considered an evolution of,
Information Engineering.
12 Variation is found in the language used by different authors.
For example, Jackson and
Twaddle have not used “state” and “stage” as synonyms in their life cycle language[55] . However,
these language differences are truly not substantial and they do not lead to diverging theoretical
foundations. This means that “stage” and “state” can be used interchangeably without any risk of
confusion.
13 The methodology goes further by also linking Entities and Functions in the organization and using
CRUD relationships to cluster Functions into Business Areas[74] . These concepts could be regarded
as one of the origins of information-centric business componentization and related techniques. This
subject goes beyond the scope of this paper and will be addressed elsewhere.
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Life cycle diagram[42]

Finally, the same book[74] contains some illustrative cases of state transitions used
to model typical operations such as payments for course registrations in an education
business. This example is shown in Fig. 5 where the entity is Payment. The states
and transitions here are represented in a different type of diagram capturing the
same concept (the same one was used in Oracle data-base software by Ref. [27]).
The depth of the model or fit with the actual business operations is not the subject
addressed here and thus, none of these examples should be analyzed in terms of their
comprehensiveness.

Figure 5.

A different representation of an entity life cycle-based model[74]
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As said above, the Structured Analysis School has also incorporated entity life
cycle techniques in its core methodology. This can be clearly seen in the early work
by Jackson whose JSD method includes the so-called “Entity Action Step” and
“Entity Structure Step” [54; pp. 64-120] . These methodologies represent significant
technical progress and adoption efforts beyond the original works by Robinson and
Rosenquist. Many organizations around the world, including governments and
consulting companies, have grown significant activities around the standardization
and deployment of the techniques reviewed in this Section. In fact, SSADM has
become an important piece of intellectual capital for systems development[131] ,
particularly disseminated and adopted across the European Community.
In
particular, H. Tardieu from the French school in Information Systems has provided
a survey of work done at the realm of different European projects[106] . Under the
title “Interaction between Data and Process Models”, he strongly praised the value
of the entity-centric modeling approach: ‘Ten years before ‘objects’ became a
buzzword in information technology, information system designers have promoted
the idea of describing a process by the entities, relationships and attributes that were
manipulated.
The natural next step for them has been to describe integrity
constraints, expressing prohibited states for entities, relationships or attributes, and
more recently, to describe their state-transitions. Practices have now put in common
use Entity Life History (SSADM, Merise / 2) which describes the sequence of states
which are authorized for a given entity’. These remarks are enlightening and very
important to appreciate the volume of intellectual capital and the degree of
convergence reached across different schools of thought in information systems.
These foundations and applications are widely available for conceptual advancement
and practical value of the BPM industry.
Recent practical applications of these concepts reported in Refs. [4,5,11,14] and
others corroborated the importance of the seminal ideas on entity life cycle modeling
coming from the traditional schools reviewed in this Section. In Ref. [76], the authors
use an example of entity shown in Fig. 6. As is easily seen, the concepts of information,
life cycle and access policies define jointly the notion of Courier Shipment Entity. In
this case, the entity is a type, i.e., it represents many such things coming from the
actual operations.

Figure 6.

A diagram from Nandi et al.[76] showing an entity called “Courier Shipment”
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In 2009, a thorough study of a Line of Business in finance and accounting was
conducted and reported. The operations were modeled by using three essential
entities, described in Ref. [14] as follows:
– Deal: The activity around evaluating a client request, negotiating terms and
conditions, signing the contract, issuing invoices for the assets to be financed,
monitoring payments, etc.
– Supplier Invoice: The purchase and shipping of the asset(s) to the client
location(s).
– Asset: The individual hardware asset(s) when accepted from the supplier, titled
to financial services company, delivered to the client, used by the client, and
finally sold or disposed.
Figure 7 shows a representation of the three corresponding life cycles and their
interconnections. Notice the number of states per entity involved, i.e., ten, three
and five respectively. This high-level diagram represents what the business does in a
very compact and simple way, thus facilitating communication across stakeholders in
the organization and role-players involved in the detailed definition of the operations
which are subsequent to this stage of analysis.

Figure 7.

Life Cycles for the three entities presented in Ref. [14]

Another reason for reviewing these contributions by going back to the classical
concepts and original sources of the ideas is that recent Business Process Management
fora, including the software industry side of BPM, highlighted a need to connect data
and process modeling. Several active blogs in different communities of practice and
papers published show a remarkable lack of awareness about the state-of-the-art of
entity life cycle modeling[25,26] . Motivated by the claim that data is an “afterthought”
in business process modeling tools[76] , some practitioners from the BPM industry have
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begun to discover entity-based modeling14 . In the light of the intellectual capital and
practical legacy coming from the Information Engineering, Structured Analysis and
the System Design Schools, no gaps between data and process exist today that may
explain why BPM tools have not benefited from entity life cycle modeling. However,
this inconsistency is not the only one in BPM software: as highlighted in Section 1
the advent of Case Management systems shows that new “case tools” are necessary
to model processes beyond traditional BPM systems.
Another evolution of the state based entity lifecycle formulation, is the GuardStage-Milestone (or GSM) variant[50] . GSM provides a more declarative approach to
specifying entity lifecycle models. At the core of GSM lifecycle models is the notion
of “stage” (the high level boxes in Fig. 8), which is based on three main constructs:
(i) milestone (the small circles on the right edge of a stage box), a business-relevant
operational objective expressed using a condition over the information model and
possibly a triggering event; (ii) stage body, containing one or more activities, including
calls to external services and possibly sub-stages, intended to achieve a milestone (or
one of several related milestones); and (iii) guard (the small rhombuses on the left
edge of a stage box), a condition and possibly a triggering event that, when achieved,
enables entry into the stage body. The conditions for milestones and guards range
over the information model of the BE instance under consideration, and possibly those
of related BE instances.

Figure 8.

A business entity lifecycle using the GSM notation[50]

A distinguishing aspect of GSM is the (re) definition of a milestone.
In
traditional entity lifecycle modeling, a milestone is a state of the entity itself,
14 http://www.ebpml.org/blog2/index.php/2010/04/21/mde-bpm-ibm-s-bedl-analysis.
In
another
blog
http://www.ebpml.org/blog2/index.php/2010/09/14/soa-bpm-restlifecycle-example, an author recently stated: I built a simple business entity lifecycle
example. . . [because]. . . this type of concept is still foreign to most people in the industry”[sic].
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described over the entity information content and as has been argued (Ref. [76]), at
the level of granularity for appropriate business visibility and control. However, in
GSM, a milestone indicates the completion of the Stage (aka the bundle of activities
and its hierarchy within the Stage). The milestones, thus defined, are likely to be
too granular, important to monitor the execution of activities at different levels, but
insignificant regards its contribution to the high level business objective. Having
said that, GSM provides a good alternative for flexible and agile execution semantics
and solid base for formal analysis and academic work, but likely limited in terms of
business understanding and executive communication.
Lastly the work by Ref. [112] on object petri-nets provides an innovative modeling
technique by giving tokens themselves the structure of a Petri net. These nets, called
token nets or object nets, also support the business entity oriented modeling technique
as they may represent real world objects with a proper dynamical behavior.
2.2

Methodologies for selecting significant entities and states

Defining the boundaries of a process and the main phases that define its
progression are key activities in operations modeling. There are many techniques
documented in the BPM literature to accomplish these objectives, involving a wide
variety of methods[87] and standards[60] , such as those based on goals[57] , functional
and activity-centric[101] , Role-Activity Diagrams[79] , communication-based[40] ,
workflow-centric[130] based on Petri Nets[120] , case-based[20,21] , Event Process
Chains[37,99,118] and so on. This subsection focuses on entity-centric methods. As
reviewed in the previous Section, entity-based process modeling presents some
foundational differences with respect to the rest of the modeling approaches: it
focuses on the identification of significant entities, their individual evolution or
behavior through a life cycle description and the interconnection of these entities
through establishing needed dependencies through their life cycles.
Entities as reviewed in the previous Section help identify and model processes.
These entities are things that matter to the operations being modeled. Sharp
correctly points it out in Ref. [101] that the word entity has been used as a
substitute because “thing modeling would not cut it as a discipline”. Interestingly,
Robison had introduced earlier the notion of subject as the main thing a process
deals with and not coincidentally, other authors have followed similar language15 .
The value of detecting the main or significant entities as a vehicle to model core
processes in an organization stands by itself, i.e., irrespectively of the specific
technique used to model the entity evolution or its behavior. Selecting significant
entities and identifying its main States bear a strong connection with each other, as
will be reviewed later. There have been different terms used in the literature for
these ‘significant entities’, such as principal entities [95] , subjects of process [92] ,
real-world entities [54] , essential business entities [79] , artifacts [78] , among others. All
this language variation addresses the same entity-centric concepts reviewed in the
previous Section.
It is noteworthy that all main techniques known for identification of Significant
Entities in process modeling have been published in the 80’s and 90’s. In part, the
15 Ould, for example, states that significant entities are the things the business has as its subject
matter [79,80] . This language has also been followed by individual consultants in analyst firms[75] .
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reason for all this long-standing activity is that data modeling is a well-established
domain and indeed, it has some common methodological roots with entity-based
process modeling. While data-base modeling does not focus on BPM concerns, the
need for modeling reality in both fields offer essential cross-pollination16 . In other
words, a well-accomplished data model always reflects important aspects of the real
world. Sharp and Dermott back in 2001 clearly illustrated the methodological value
of the liaison between data models and process modeling: “. . . data models are a
powerful tool early in a process-oriented project –they improve communication and
consistency, because the entity names and definitions provide a standard vocabulary
for the things the process deals with” [101] . As a consequence, thousands of excellent
examples have been available where entities discovered through information modeling
techniques represent Significant Entities for operations and process modeling.
As reviewed in previous Sections, significant entities have distinguished
characteristics that make them stand out among those detected by pure
data-modeling approaches. But entities are essentially nouns and represent some
aspect of the reality of the organization being modeled.
Techniques from
information modeling have proven useful to detect Significant Entities for process
models. This remark has been stressed in several books beyond Jackson’s in 1983,
such as Refs. [79,101]. The latter authors state that traditional entity-relationship
modeling techniques are a good starting point for the detection of process
modeling-centric entities. This deep connection that links the traditions of two large
domains of research and practice is surprisingly not cited in most of the BPM
literature. Object Orientation adds a similar story in the sense that available
methods for finding ‘objects that matter’ should be considered for dynamic entity
modeling[63,96] . Hay stated that there is a remarkable tendency in Information
Systems to ignore years of methodology progress as soon as a new method becomes
fashionable (see Ref. [44] and the author’s web site located at
www.essentialstrategies.com for several related and more recent documents). By
following analogous principles to Hay’s, potential arguments such as ‘objects are not
entities’ or ‘entities, unlike objects, are not a software concern’ should be considered
oversimplifications. Dismissing the value of entity identification methods coming
from information-centric modeling due to supposedly too small of a granularity or
static nature of the models is incorrect and inadequately leaves the modeling of
processes disconnected from several decades of progress in sister disciplines.
As mentioned above, Jackson developed very early two steps called
“entity-action” and “entity structure” as part of the JSD method[54] . In the
entity-action step, Jackson recommends to start by building lists of candidate
entities accompanying each with a verb that describes a possible action that the
entity suffers or carries out. Ould has been the first to recognize the fact that the
concept of Significant Entities, and consequently all its siblings, fall within the
realm of Jackson’s work in 1983: “. . . the older among us will hear echoes of

16 Admittedly,

the information modeling job is way too often approached as a technology
exercise. This point has been stressed very emphatically by Sharp & McDermott: . . . technically
oriented “modelers” jump straight into excruciating detail, dense jargon and complex graphics,
incomprehensible for process participants.” [101; pp. 275]
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Jackson’s JSD” [81; pp. 172]17 . The method by Jackson also signals an important
touch-point between the static nature of “things” and the dynamics revealed by
companion verbs. In fact the identification of these verbs is one of the possible hints
in helping with the development aspects of the process.
In JSD, the dynamics is assembled in the form of event/activity diagrams in the
“entity structure” step. An example of these diagrams is offered in Fig. 9, borrowed
from a car rental business example published in Ref. [10]. This entity structure
captures some form of ordering of the main actions affecting the development of the
entity. Notice that Jackson builds this dynamics by considering only one Significant
Entity at a time, and thus, the behavior described focuses exclusively on the entity
whose evolution is being studied, i.e., the “subject” is kept throughout the diagram18 .
This entity structure can be made into a life cycle diagram following
Rosenquist’s tradition and others by means of a graph duality transformation in
which a selected number of states represent the stages through which the entity goes
as a consequence of transitions (i.e., the events / activities from the JSD
representation) across different states represented by arrows. This translation of one
representation into another should be no surprise since Jackson himself stated: “A
fundamental requirement in specifying entity structures is to span the whole lifetime
of the real world entity. . . ” [54; pp. 85] .
In Fig.
10, an example of such a
transformation is shown, showing the life cycle of rental19 .

17 Interestingly,

Ould does not cite Robinson’s or Rosenquist’s seminal works (Refs. [79-82]) but this
is partly explained by the fact that Ould’s approach does not rely upon the life cycle of Essential
Business Entities as the method for modeling the behavior of processes. On the other hand, Ould
acknowledges the previous work of the Structured Analysis School and the influence that it has
exerted on his EBE-based process modeling method.
18 In the JSD notation, the circle symbol in a box means selection (i.e., option) and the star means
repetition.
19 Notice that the intent of the example is to illustrate the nature of the JSD diagrams and its duality
with a life cycle concept and not to exhibit a good model of a ‘car rental’ business.
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Figure 9. An example of entity-action diagram in Jacksons tradition and notation. In this
diagram, the circle symbol in a box means selection (i.e., option) and the star means
repetition.

Figure 10.

State life cycle equivalent representation of Fig. 9 by following Refs. [42,74,95]

From a methodology perspective, Ould has developed selected aspects of
behavioral modeling of processes to a significant level of depth, going well-beyond
the tradition of the System Development, Structured System Analysis and
Information Engineering Schools reviewed in this paper.
Ould works are
illuminating and include two books published ten years apart and several papers on
process taxonomy and architecture. The process modeling methodology proposed by
Ould is called Riva and its origins go back to Ref. [79] and its evolution published a
couple of years later in a paper Ref. [80]. Riva is based on Significant Entities [79]
and a combination of this concept with the so-called “Units of Work” (UOW).
Riva’s Significant Entities are called “Essential Business Entities” (EBE).
Candidates EBEs are detected by following similar principles to those reviewed in
this Section and then, the list of candidates is refined through the notion of
UOWs[80] .
In addition to technical contributions, Ould’s work has brought substantial field
evidence from his consultative BPM practice, thus making his propositions around
Riva grounded into actual client adoption[82] . Ould’s methodology includes important
best-practices through workshops dedicated to discovering EBEs and UOWs. The
discovery of EBEs follows a number of steps to be pursued together with operations
people in the organization, yielding anywhere from forty to one hundred candidate
EBEs. These EBEs come from questions guiding the brainstorming with the client,
shown in Table 1.
After coming up with the list of candidate EBEs, Ould continues through a
number of litmus tests and filters to determine whether each candidate is truly an
EBE. Tests suggested include things like putting the word “a” or “the” in front of
each candidate EBE and keeping those whose meaning makes sense. Other tests aim
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to remove candidate EBEs that are roles, including LOBs and individuals; or EBEs
that are contained inside another EBEs without having a lifetime of its own. The
next significant step in Ould’s methodology brings UOW to play, i.e., only EBEs
whose life the organization has to look after are kept. Ould’s methodology does not
involve life cycle analysis of the entities but instead, a combination of concepts around
Role-Activity theory is used. The details go beyond the scope of this paper.
Table 1

A list of questions guiding the discovery of Essential Business
Elements[79]

What do we make?
What do we sell?
What product lines do we have?
What services do we offer?
What services lines do we have?
What things can we simply not get away from?
What are our external customers?
What are our internal customers?
Are there things our customers have, or want, or do, that might be our EBEs?
What thinks do we think differentiate our organizations from others?
What sorts of things do we deal with day in, day out?
What business entities are listed in our corporate data model?
What things do our information systems keep information about?
What events in outside / inside world do we need to respond to?

Key Performance Indicators (KPIs) and business goals are another important
driver for the discovery of Business Entities. As argued in Ref. [76] often, these goals
and KPIs, are closely correlated with the over-arching Business Entity types of an
enterprise.
Several important applications of the entity life cycle modeling approach have
also been shown for different industries and related patent activity. For example, the
authors in Ref. [4] address a pharmaceutical research process area; in Ref. [78], the
industry at play is food service and restaurant chain segment; in Ref. [11], the
authors addressed financing services to clients in a large corporation; additional
related works are documented in Refs. [5,6,14,19,30,47,68,76,104] among others. The
benefit of dynamic modeling of operations through entity life cycle is that both
outcomes and processes are integrated, thus facilitating communication in the
organization and the understanding of the models by different stake holders. This
contrasts with other approaches to design processes as flows of activities or event
chains that struggle to capture the actual intentions of stakeholders involved in the
modeling work. The above and other industrial applications in the last decade
conclusively prove the appealing nature of entity based life cycle modeling for
operations. The BPM industry still has to fully benefit from this value and related
field-based experience available.
2.3

Entities as a modeling paradigm for case management

Several schools and even different scientific disciplines have addressed the
connection between process and entities in a deep way, yielding seminal
methodology for the dynamic modeling of operations. As shown in previous
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Sections, the state-of-the-art in sister disciplines is rich and applies directly to
Business Process Management. However, the issue of whether Business Process
Management tradition includes all types of processes from organizations is still
unclear, particularly considering the BPM ambiguities highlighted in Section 1 of
this paper. The advent of Case Management provides more evidence to the
importance of reviewing this topic in more depth, specifically: ‘Is Case Management
included in BPM?, and the closely related question: ‘Why do Case Handling
Systems exist in distinct separation from BPM Systems?’ This Subsection presents
and elaborates the point-of-view that the concepts of entity and life cycle modeling
offer a unifying approach across a significant class of processes in organizations,
including all those that traditional BPMS and Case Management systems address.
In Ref. [124], the authors drew a clear distinction between two types of processes,
namely, ‘straight through processing’ and ‘case handling’. The former means that the
processes are completely automated without any human intervention. The latter
is about processes that need to accommodate much variation or exhibit excessive
complexity to be captured in a process diagram (understood as a flow), requiring also
human intervention. Interestingly, ‘case handling’ was addressed even earlier in what
it appears to be the first track of BPM literature where workflows are recognized to be
insufficient for a comprehensive process representations[121] . It is also noteworthy that
the authors in Ref. [125] characterized BPM as an extension of workflow management
to support a wider class of operational processes. Support for processes requiring
human intervention has been also the target of some products from the BPM software
industry in the last decade (even when these products are not necessarily called “Case
Management” or “Case Handling”)20 . This means that Case Management has not
quite emerged from the rediscovery of human-based decision making in processes
but from a different need. This need finds its actual justification in the complexity of
processes with multiple variations imposed by business operations and the inadequacy
of flows to represent such complexity. Admittedly, different human roles affecting the
process lifetime during execution brings an additional requirement for adaptation and
thus, more sources of complexity.
A key remark made in Ref. [20] is worth quoting: “. . . as most state-of-theart BPM Systems adopt BPMN for process modeling, case management processes
cannot yet benefit from the power of these systems”. This comment openly implies
that the Business Process Modeling Notation (BPMN) standardization work does not
provide the adequate foundation to represent large classes of processes like those Case
Management systems are aimed to support. The more recent paper published by the
same author appears to reconfirm the thought[21] . This means that the main modeling
instrument for BPM, i.e., BPMN, is not a complete edifice yet to host all processes
that organizations need. Considering that Case Handling was introduced at least in
2001, it is noteworthy that the standardization work in BPMN has continued to focus
on workflows (whether fully automated or also admitting human participation) and
has not included the significant type of processes that Case Management has come to
address.
20 Websphere

Lombardi Edition (www.ibm.com) is an example where abundant support for processes
requiring human participation is provided while the product is not called “Case handling” or “Case
management”.
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In the light of the above discussion, the question of whether Case Management
is really included in BPM or not is still left unanswered. The advent of Case
Management in early 2000’s as a new paradigm after 10 years of BPM work is
noteworthy, particularly when many significant organizational processes have shown
a sustained need for flexibility and human intervention over several decades. These
characteristics seemed to have been ‘rediscovered’ by some BPM scientists,
practitioners and software companies21 . The question should be posed both from a
conceptual standpoint and an industry perspective. Unfortunately, the answer is not
entirely clear in either context and depends on the point of view from the expert,
company or analyst firm. For example, some analysts show distinct tracks to
address each of these two domains of practice. For example, the authors in Ref. [32]
state: “In speaking with more than 30 case management references across the US
and Europe . . . we found a clear recognition that older process automation
approaches based on traditional mass production concepts no longer fit an era of
people-driven processes”. This course of reasoning is also found in earlier work[125]
where the authors stated: “Claim handling is a new paradigm for supporting flexible
and knowledge intensive business processes . . . The knowledge worker in charge of a
particular case actively decides on how the goal of that case is reached, and the role
of a case handling system is assisting rather than guiding him in doing so.” In
Ref. [121] the authors maintained that BPM includes both workflow and case
handling, while some companies clearly differentiate Case Management offerings
from BPM products, even when they have both in their portfolio22 .
All published literature signals that Case Management emerged from the need to
model processes where human intervention brings substantial variability to the course
and progress of a process23 . Indirectly, this statement implies that BPM systems have
reflected poorly the automation-related requirements from those families of processes
and operations Case Management fits in. These requirements have largely come from
the focus of the BPM industry on certain families of processes which several authors
call ‘factory’ or ‘mass’, clearly alluding to the repetitive nature of the underlying
processes.
The ongoing focus of the BPMN standard has led Case Management advocates
to claim that BPMN is insufficient or inadequate to represent those processes that
are knowledge-intensive. Some recent literature goes further by separating “case”
21 This

is not entirely new as related phenomena have been observed and documented. For example,
Van der Aalst et al. emphasize in Ref. [122]: “Most computer scientists seem to have a frame of
mind, typically derived from programming, where the notion of “state” is interpreted in a narrower
fashion and essentially reduced to the concept of data”. This narrow interpretation of state in
Van der Aalst’s language is probably a key to the delay in the BPM industry to adopt Entity Life
Cycle-based modeling into products.
22 IBM Case Manager offers an example as the following concepts clearly illustrate the point:
“Traditional Enterprise Content Management (ECM) systems and the structured control of Business
Process Management (BPM) are insufficient to satisfy the requirements of these applications [Case
Management business applications] . . . ”[51] .
23 Forrester’s definition of Case Management: It is a semi-structured, but also collaborative, dynamic
and information- intensive process that is driven by outside events and requires incremental and
progressive responses from the business domain handling the case. Examples of case folders include
a patient record, a lawsuit, an insurance claim, or a contract, and the case folder would include all
the documents, data, collaboration artifacts, policies, rules, analytics, and other information needed
to process and manage the case [32] .
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from “process” such as Ref. [51], where Case Management is said to have unique
characteristics that differ from those of BPM (see, for instance, page 5 in the
referenced book). Indeed, if the main BPM standard (i.e., BPMN) does not fit Case
Management-amenable processes, then either BPM does not intend to include Case
Management or a ‘case’ is not specific type of ‘process’. While extreme positions are
not advisable, particularly given that evidence abounds in opposite directions, the
most likely explanation for this phenomenon is that BPM has grown with a focus on
a restricted type of business processes. Consequently, both BPM standards and
software industry have worked on their main subject of interest which has excluded
many significant enterprise operations. Case Management is a significant example of
this oversight but there are other important families that BPM has also ignored
which are not ‘cases’ either[97] .
The central concept for Case Management is the case and not the activities
or the routing[123-125] . Interestingly, this concept implies that the development of
the process, i.e., the evolution of the main subject encompassed, is not conveniently
described by a structured set of activities where all possible options for routing are
laid out in a flow. As Case Management is relatively new (at least, in the context of
the BPM software industry) and business process communities have enthusiastically
embraced case handling as a way to cope with the restrictive nature of workflows, the
possibility of using entity life cycle modeling deserves to be explored.
It is noteworthy that the parallelism between case handling and entity life cycle
modeling finds its roots in past work done at the realm of Case Management software
companies. Specifically, in Ref. [15], the diagram shown in Fig. 11 has been presented.
As is seen, this diagram is a metamodel defining the general structure of a ‘case’.
Among other constructs shown on the figure (in fact, the original presentation contains
substantial additional detail), the ‘case’ is defined as a family of organized states along
with a life cycle characterized by a number of transitions between pairs of states24 .

Figure 11.
24 Notice

Case metamodel slightly adapted from Ref. [15]25 .

the introduction in the Figure of the concept of Milestone Event as the definition of key
conditions affecting the different state transitions in the case model.
25 Most probably, the year of publication of this diagram in the presentation posted on-line is 2007
(see bibliography).
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Unquestionably, the core of the structure of the ‘case’ in this metamodel is
identical to the concept of entity life cycle. The ‘case’ is the entity, its life cycle is
an integral part of the case definition and it is characterized by states and transitions
whose activations are signaled by events, milestones and other conditions determined
by contextual information. In other words, the ‘case’ is equivalent to the concept of
‘subject’ (i.e., the central element of the process) and its ‘evolution’ can be defined by
a family of states along with a wide set of conditions and activities (including decisions
and tasks made by humans) that make the case progress toward its completion.
As was seen earlier in this Section, entity life cycle-based modeling does not have
any explicit routing of activities structured into a pre-established or rigid flow, thus
accommodating complex processes. Thus, this approach yields a flexible design for
Case Management that supports a large variation of the conditions and activities that
define the development of the process.
Interestingly, the adequacy of using entity life cycle modeling for Case
Management promotes a significant convergence of conceptual techniques across
different families of processes and potentially, of their corresponding supportive
technologies as well. Unfortunately, these two process families have been kept
separated, most likely as a consequence of the underlying Information Technology
concepts involved. This point has been stressed quite explicitly in a remarkable
passage by the authors in Ref. [123; pp. 38]: “It is interesting to think about the
reason why many workflow products have problems dealing with the state-based
patterns”. This point made by the authors suggests that the chosen modeling
mechanisms in BPM have traditionally left out the need to incorporate state-based
processing. Unquestionably, the modeling of cases has not been a target of these
information technology approaches to business processes.
On the other hand, this ‘divide’ among types of processes does not exist from a
business point of view. Processes that call for frequent change and human intervention
have been commonplace in business operations for a long time. Enterprise Resource
Planning and Supply Chain Management have been exemplary domains for decades,
with their processes implemented by means of packaged solutions from vendors like
SAP or Oracle. The fact that operations flexibility, complexity or propensity to
heavy human-centric decision-making may have been a second-thought for a specific
IT approach to modeling processes it does not make the underlying processes or their
requirements for automation new.
Interestingly, these subjects did not seem new either to some well-recognized
contributors from the Systems Design and Structural Analysis schools 15 years ago,
such as Jackson and Twaddle show in their book entitled ‘Business Process
Implementation – Building Workflow Systems’ [55] . The authors start Chapter 4
with examples like insurance policy management and customer order management
as targets of entity life cycle definition, the latter being the main goal and title of
their chapter (page 69). It is noteworthy that these two examples lie also at the
realm of those used in explaining the uniqueness of Case Management. Quoting the
exact words from Jackson and Twaddle is very insightful : “. . . a new life assurance
policy may progress through the stages of proposal entry and validation;
underwriting, where the risk is assessed and the premiums fixed accordingly;
acceptance by the client; and finally, issue of the policy document [ . . . ]. Usually,
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each stage of a life cycle is the responsibility of one workgroup of users [ . . . ]. These
life cycle stages are not invented by the system developers; nor are they the product
of any kind of top-down design. [ . . . ]. A life cycle is ultimately composed of tasks to
be performed by the users in the office”.
Another prominent group of researchers[123] have undertaken a careful
investigation of the topic of “states” in workflows, back then in a world dominated
by explicit control structures. While almost a decade has gone from the work done
by Eindhoven and Queensland among other schools, there has not been much
change in the workflow constructs used in BPM standards since then. This
persistence shown by standard bodies is noteworthy26 , particularly in the presence
of the many clear value-proposition made in support of adding ‘state-based
expressiveness’ such as milestones, deferred selection, etc.[122,123]27 .
All the contributions reviewed above provide evidence about the viability of the
convergence suggested in this subsection through more than a decade of work. Had
approaches based on entity life cycle and related state-based modeling concepts
been widely known, the two separate worlds of “conventional BPM” and “Case
Management” would be much closer to each other than they actually are today.
Unfortunately, as clearly said in Ref. [51; pp. 9]: “case and process modeling are
different”, a statement agreed upon by many other firms and independent authors.
Whether any such difference remains under the light shed by entity life cycle-based
modeling of processes is truly questionable.
3

Conclusions and Further Work

This paper presented a thorough review of the state-of-the-art on entity-based
dynamic modeling for enterprise operations. The entity-based life cycle approach was
published for the first time about three decades ago. Specifically, the notion of entities
as the main subjects of processes and entity life cycle as a technique for dynamic
modeling of operations were introduced by K. Robinson in 1979, C. Rosenquist in 1982
and Jackson in 1983. Since then, Structural Analysis and Information Engineering
schools have made significant contributions to modeling enterprise operations and
closing the gap between process and data. As stated by different authors and proven
by recently published works, these concepts are still foreign to most people in the BPM
industry. This review focused entirely on modeling and methodology, although classic
entity life cycle techniques also addresses implementation and bridge the IT domain
to the business modeling of operations. Hopefully, this paper makes all this rich and
highly inter-disciplinary intellectual capital on dynamic modeling of operations more
visible to BPM communities.
The potential of using entity life cycle for modeling cases has also been addressed
26 BPMN

is already complex in terms of the number of constructs offered. From an Ontology point of
view, it also exhibits significant redundancy[87] and its rich functionality still goes underutilized in
practice[88] . This may explain the emergence of Case Management Process Model as a distinct
standardization effort led by Open Management Group (OMG), the same organization hosting
BPMN, so to avoid adding complexity to BPMN.
27 The terminology here follows the work in Ref. [125] and other related documents. For example,
milestone was defined as a construct that helps to disable selected activities while maintaining others
active; to check whether some part of a process is in a given state; etc. These concepts would have
been useful to capture and instrument the flexibility needed in Case Management.
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in this paper. Some BPM practitioners have just begun to recognize that for certain
types of process analysis, entity life cycle diagrams are a valuable alternative to process
maps: “A state diagram can be an excellent modeling approach when a single entity is
the focus of interest or when a natural sequencing of the activities is not obvious” [85] .
Indeed, this has been the technical foundation and practical belief in other sister
disciplines for about 30 years. Tardieu has documented in 1992[106] that the more
non-deterministic the behavior is the more suitable entity-based dynamic modeling
becomes. Cases and BPM appear often as separated disciplines addressing different
types of processes. The entity life cycle approach offers the opportunity to achieve a
conceptual convergence of modeling techniques across families of processes addressed
in conventional BPM and Case Management. In fact[77] , as part of their proposal to
extend BPMN to support Business Entities28 , discuss the Case Handling pattern, one
of the many patterns how Processes and Entities can work complementarily to model
complex, end to end or ad-hoc processes quite elegantly. This work paves the creation
of a research agenda to unify the two categories of processes so far disconnected. Also,
the ideas discussed in this paper should hopefully help the BPM industry reunite the
corresponding information technology systems into a single stream.
This paper also reviewed methods for selecting critical or significant entities. The
origins of these techniques again go back to the work of different structured analysis
schools, with some important contributions from selected BPM practitioners in the
nineties. Cross-insemination with the data-base tradition is also important as entity
finding is intimately related to the goal of chunking the business. The identification
of significant entities in an organization is a consultative intervention that requires
brainstorming sessions with different stakeholders. It is hoped that as time goes
by, entities will become standardized in different industry segments so that reuse of
content can help expedite new modeling needs. The fact that selecting entities is an
ad-hoc technique was stressed by some contemporary researchers in Ref. [62]. Indeed,
the edifice of process architecture needs a solid foundation as was suggested and
addressed in Ref. [97]. Significant entities provide a more stable organizing principle
than actions and their decompositions[79,81] .
In modeling complex operations, several significant entities will have to be linked
with each other as it is rare the case where one entity in isolation will fill the entire
representation of the real-world being modeled. The necessary links among entities
are established across their life cycles. There are some systematic patterns in the
real-world where two or more entities appear in close interdependency by following
some pre-specified forms of interaction. For example, the concept of aggregation
emerges as a pattern encountered frequently in practice. Indeed, many operations
have a central subject described by an entity that aggregates other equally important
entities necessary to define its life cycle. Aggregation is also a useful approach to
discover significant entities for dynamic operations modeling. On the other hand, the
concept of entity that has dominated the literature in the last decades is based either
on the notion of type, i.e., all real-world things within a selected set are abstracted into
a common kind or things treated as individual instances. These entities are common
28 The

current BPMN specification doesn’t state how to deal with Business Entities in a BPMN
process. To represent Business Entities, the proposal is to piggy-back the existing Data Store element
with a single additional element, the Business Entity Milestone.
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in workflows and cases, called factory processes in this series. While the “factory”
is a critical part of an organization, other models are necessary beyond production
processes. It is important to reexamine these topics by presenting a wider view of
entities and different classes of processes in real-world operations whose modeling may
benefit from these extensions. One category of such entities is a subject that comes
under the form of an ensemble of entity instances whose importance goes beyond
an entity type in the conventional sense (in particular, these ensembles are unique
and do not admit any instantiation. The corresponding processes being modeled by
ensembles have been identified as oversight processes in enterprise operations which
embed critical decision-making[97] .
The notion of entity progression used in systems modeling literature has also
been revisited. The development of the central subject dealt with in processes by
information engineering, systems design and computer science viewpoints is
immanent, i.e., intrinsic to its nature. This explains the term “life cycle” which
abounds in the information science literature. But life cycle is a special form of
development and non-factory processes call for a combination with other modes of
evolution, such as teleology. Interestingly, these operations include but are not
limited to the classical scope of strategy processes[97] . This subject will be addressed
in other upcoming work.
A theory of process consists of statements that explain how and why process
unfolds over time. Such a theory is needed not only to ground the conceptual basis
of a process modeling and implementation study, but also to guide the design and
conduct of empirical research. This work has been introduced in Ref. [97] where
process taxonomy is revisited. There are many forms of progression beyond life cycle
that are useful for thinking about and observing processes. For example, Van den
Daele[116,117] and Flavell[31] propose a typology of developmental progressions that
goes beyond simple unitary stages and includes multiple, cumulative, conjunctive,
and iterative progressions of convergent, parallel, and divergent streams of activities
that may unfold as a strategy process develops over time. Cross-fertilization with
these seminal investigations from social sciences[115] will shed new light to the BPM
field.
Another important aspect needing further foundational work is the deep liaison
between entity-based dynamic models and the ontology work of Bunge[8] . The
seminal work from Bunge has been extensively studied, applied and extended by
Wand, Weber and other information systems pioneers resulting in the so-called
BWW ontology [128,129] . There has also been a revamped interest in BWW propelled
by several colleagues from the BPM discipline in recent years[37,86,87,94] . BWW has
been used to build a thorough comparison of the representational capabilities of
different process design and modeling techniques[87] . The inclusion of entity-based
life cycle modeling in the comparison of business process modeling techniques will
provide a complete spectrum of methods. Quite interestingly, this study reveals a
very close alignment between the actual outcomes of entity-based life cycle
techniques and the BWW ontology. This alignment is obtained by making the
subject of a process be associated to the basic thing proposed in the BWW ontology.
This research is being completed at this time and will be reported elsewhere[98] .
Finally, programming models and tools related to entity-based dynamic modeling
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and solution design are not included in this review. For example, Ref. [65] discuss the
derivation of service candidates (aka Service Oriented Architecture or SOA) through
automatic extraction of business entities from process models. These are important
subjects and thus, they merit and require a separate paper. These topics have also
been addressed in the past decades and for example, the methodology work from
Jackson, CCTA and several others include software instrumentation of the models
into computer programs for execution. There has been work done relatively recently
that goes well-beyond classical contributions from the 80’s, 90’s and early 2000’s. For
example, in Refs. [6,13,36,48], and more recently in Refs. [16,49,69], new horizons are
addressed, including semantic verification of entity-based models.
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[125] Van der Aalst W, Weske M, Grünbauer D. Case handling: A new paradigm for business process
support. Eindhoven Uuniversity of Technology. 2003c.
[126] Veldhuizen R. August 2010. Blog can be found: http://harx.nl/component/content/article/
6-general/14-definitions-of-business-process-managment.
[127] Von Brocke J, Rosemann M. Handbook on Business Process Management 1. Springer. 2010.
[128] Wand Y, Weber R. An ontological mode of an information system. IEEE Transactions on
Software Engineering 16. 1990. 1281–1291.
[129] Wand Y, Weber R. On the deep structure of information systems. Information Systems Journal,
1995, 5: 203–223,
[130] Wang J, Kumar A. A framework for document-driven workflow systems. BPM 2005. In: Van
der Aalst, ed. LNCS 3649. 2005. 285–301.
[131] Weaver P, Lambrou N, Walkley M. Practical Business Systems Development Using SSADM –
A complete tutorial guide. Third Edition. Prentice Hall. 2002.
[132] Weske M. Business Process Management: Concepts, Languages, Architectures. Springer. 2007.
[133] Whetten D. Albert and Whetten Revisited: Strengthening the Concept of Organizational
Identity. Journal of Management Inquiry, September 2006, 15(3): 219–234.
[134] Yongchareon S, Liu C. Process View Framework for Artifact-Centric Business Processes, In:
Meersman R, et al., eds. OTM 2010, Part I. Springer-Verlag Berlin Heidelberg. LNCS, 2010,
6426: 26–43.
[135] Yourdon E, Constantine L. Structured Design. Prentice Hall. 1979.

