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Summary

The D6.3-C Analysis of Standard Process Models is a public document delivered in
the context of WP6, Task 6.3. Specification of a Certification Metamodel for Energy
Management Deployment. Task 6.3 aims at the definition of a prototype that will
help assessing future eDIANA project/product/component implementations against
relevant standards in the domain of embedded systems for energy efficiency
applcaitions (see deliverable D6.3-A for a full descriptions of relevant standards),
good practices, and eDIANA recommendations.

This document deals with evaluating existing process modelling notations and
metamodels in order to establish a cohesive connection of development process
instances with the Certification Metamodel proposed in T6.3.
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1. Introduction

This document is the third document of Task 6.3, “Specification of a Certification
Metamodel for Energy management Deployments”, in WP6, “Compositional
Verification, Validation and Certification”. Task 6.1 and 6.2 focus on Verification and
Validation issues, while Task 6.3 deals with Certification aspects.

As it has been mentioned in previous deliverables, certification is one of the most
time consuming tasks to develop embedded system products toward certain
regulations (external as well as internal ones) and is usually done for the products
when the life cycle has finished.

Certification involves monitoring the development process, which is usually done
manually by high level roles having a full overview by compiling information from
many people involved in the process and a lot of dependencies. There are a number
of gaps in this area that are targeted by T6.3 and this deliverable in particular:

e Lack of infrastructure for software development, and support tooling dedicated to
certification.

e Time consuming mechanism/process to perform legal certification and ‘internal
certification’ (i.e. qualification).

Previous outcomes of this task have described and analyzed some relevant
standards, best practices and/or regulations that are applicable to the eDIANA
domain. Some of those standards, such as for example IEC 61508 or CMMI, cover
the lifecycle with all their phases, or define a methodology that must be
implemented. On the other hand, other standards apply on the resultant components
or products and their final behavior, measurements, etc. EPBD (Energy Performance
of Buildings Directive) is an example of this kind of standard. EPBD is oriented to
certifying the building performance as a final product, and not the process to build
this final product.

Due to this diversity of standards, the prototype targeted in eDIANA (T6.3) focuses
on creating a general certification “language” by means of a structured semi-formal
metamodel, which will act like a template for certification requirements specification.
This metamodel will be used to build domain-specific libraries of certification models,
which will act as a knowledge database, providing information about eDIANA-related
standards (IEC 61508, EPBD, etc.) and other eDIANA-specific implementation
requirements (some kind of eDIANA-compliant label). Such “knowledge database” is
used to build a set of guidelines akin to “spell-checking”, in which a number of
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compliance checks are performed to assess the degree of compliance of embedded
system products against eDIANA-related standards.

However, in most businesses and companies, the definition of the internal processes,
private guidelines, or methodology is an essential issue to the satisfactory
achievement of their objectives. This leads our work to study possible future
interactions of the Certification prototype with engineering process modeling. This
possible connection may be through extensions of the prototype to connect it to
process modeling tools, as well as extensions of the prototype to add process
modeling functionalities.

This deliverable surveys and assesses process languages to discover the possibilities
to extend the Certification prototype. This includes the study of business process
modeling notations and Business Process Modeling languages such as:

Software & Systems Process Engineering Metamodel (SPEM)
Object-oriented Process, Environment, and Notation (OPEN)
Business Process Definition Metamodel (BPDM)

Unified Modeling Language (UML) 2.0 Activity Diagram
ARIS - Event-Driven Process Chain (EPC)

Business Process Management Notation (BPMN)

XML Process Definition Language (XPDL)

Business Process Execution Language (BPEL).

The depth of the analysis is closely linked to the information available for each of the
metamodels or languages analyzed, and with respect to the market share.

1.1 Terms and Definitions

Business Model: A Business Model is a conceptual tool containing a set of objects,
concepts and their relationships with the objective to express the business logic of a
specific firm. It is a description of the value a company offers to one or several
segments or customers and of the architecture of the firm and its network of
partners for creating, marketing and delivering this value and relationship capital, to
generate profitable and sustainable revenue streams [1]

Business Process: A business process is a sequence of activities triggered by a
certain input that results in a valuable output. Business Process Management is
about analyzing those activities in a structured way and eventually supporting their
execution with a workflow application
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Business Reference Model: A Business Reference Model defines a canonical set of
process areas which group business processes according to the primary business
function. A process area includes a sequence of processes that are combined to form
the value chain of the studied business area. Examples for business reference models
are SCOR, VCOR, eTOM or ITIL®.

Meta-Model: A Meta-Model is a model of a modelling language. Applying language
therory for levelling languages, the result is a hierarchy of languages, meta-
languages, etc. The creation of a Meta-Model is also done by using a modelling
language. The model defining the meta-modelling language is the meta-meta model
or meta2-model [2].

Model: A Model is an abstract graph-based description of a complex real-world
system.

Modelling Method / Language: The language for representing a model is
described by its meta-model. The concepts of a Modelling method are described by
elements such as classes, relationships, attributes and behaviour. A model type
describes a concrete Modelling method, e.g. a business modelling method. Linking
and relating the model types, forms a set of interrelated Modelling methods which
describe a certain domain under consideration [3]. In this document the term
Modelling method and Modelling language is used synonymously.

Modelling Methodology: A modelling methodology usually consists of a modelling
procedure, a modelling method (language) and some modelling techniques.

Modelling Procedure: A modelling procedure describes the steps applying the
modelling language to create results, i.e. models.

Modelling Technique: Modelling techniques are mechanisms and algorithms which
allow the work on the models described by the modelling method (language).

Reference Model: A reference model is an abstract framework for understanding
significant relationships among the entities of some environment. It enables the
development of specific reference or concrete architectures using consistent
standards or specifications supporting that environment. A reference model consists
of a minimal set of unifying concepts, axioms and relationships within a particular
problem domain, and is independent of specific standards, technologies,
implementations, or other concrete details [4].

Workflow: A workflow is the automation of a business process, in whole or part,
during which documents, information or tasks are passed from one participant to
another for action, according to a set of procedural rules [5]. A workflow can also be
defined as the orchestration of a set of activities to accomplish a larger and
sophisticated goal. Examples of workflow include application processes, business
processes, and infrastructure processes.
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2. Process modelling notations and meta-models

Currently many standards are emerging in the scope of Process modeling. Some of
these are a natural evolution of old specifications while others are brand new ones in
this domain. The following table show the relevant standards organizations and the
involved standards and its relationship:

Organization

Object Management Group -
OMG - (www.omg.org)

Standards
Business Process Modeling Notation (BPMN)
Business Process Definition Metamodel (BPDM)

SPEM 2.0

Workflow Management Coalition
- WfMC - (www.wfmc.org)

XML Process Definition Language (XPDL)
Workflow API (WAPT)
Workflow XML (WfXML)

OASIS
(www.o0asis-open.org)

Business Process Execution Language (BPEL)

W3C
(www.w3c.org)

Open, collaborative review process
SOAP, WSDL, core XML specifications

Web  Services Choreography  Description
Language (WS-CDL)

WS-I
(www.ws-i.org)

Interoperability of WS technologies and
standards

WS-I Basic Profile

Table 1: Standards Organizations

In this section the most relevant Process Modeling Notations and Metamodels: SPEM,

OPEN and BPDM will be analyzed,

leaving the notations and business process

languages standards focused for business processes for a later section.
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2.1 SPEM 2.0

SPEM 2.0 (Software & Systems Process Engineering Metamodel) is a standard meta-
model developed by Object Management Group (OMG)[6] whose main objective is to
provide a formal framework for the definition of development processes of systems
and software and the definition of the description on all the elements that make up.
The specification has three versions released; the first one, called SPEM 1.0, was
released in 2002. In 2005, SPEM 1.1 was released with minor updates but with
several shortcomings as lack of enactment support and ambiguous semantics. SPEM
2.0 was released in 2007 fixing the before mentioned flaws and adding new features:
compliant with UML 2, defining a new SPEM xml Schema compatible with MOF 2.0,
alignment with emerging standards as BPMN and enabling the development of
extensions for SPEM (used by tools automate processes).

The main objective of the SPEM 2.0 metamodel is to be able to maintain and support
a wide range of fragments of method and processes of different styles, backgrounds,
levels of formality, life cycle models, and communities to develop projects. SPEM 2.0
is agnostic to the development methodology that is used, making it possible to use in
a variety of domains. For that the Software Process Engineering Meta-model SPEM
defines a formal language for describing development processes. SPEM describes
structures needed to formally express and maintain method content and processes,
i.e. it defines a language and representation schema for method contents and
processes. SPEM is not, however, intended to be a generic modeling language;
rather, it defines the ability to choose the behavior modeling approach that fits the
implementer’s needs. SPEM uses the UML 2.0 infrastructure and diagram interchange
standards [7].

A meta-modeling language (meta-meta-model) is used to describe the SPEM meta-
model itself. The MOF 2.0 standard [8] provides such a language. As can be seen in
the figure 1, the layers can be depicted as levels M0, M1, M2 and M3. M3 provides
MOF which is instantiated by SPEM 2.0 on the M2 layer, in the same way that UML 2
meta-model instantiates MOF. On layer M1 there are concrete instances, such as
‘Use Case’, ‘Analyst’. Layer MO consists of the performing process.
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MOF Levels Abstraction Model
MOF M3: Meta-Metamodel
nns!ance-ofw 7 describes
| SPEM, UML M2: Metamodel Notation
7 nstance-df | describes
. . v ~ expresses
RUP, XP, MSF M1: Model
instance-of describes
Project MO: Instance

Figure 1: MOF levels of abstraction

SPEM defines the elements used in describing a process as well as elements used for

structuring and managing this information.

The concept of SPEM to represent processes is based on three basic elements: roles,

tasks and work products.

- * .
f performed by l /

faasg e

Rofe Tash
1
input/output
|
responsible T — }
Worl: Product

Figure 2: SPEMZ2.0 Basic Process
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SPEM makes a clear separation of concerns between Method Content and Process.
Method Content defines highly re-useable content. Process re-uses this content to
create end-to-end processes or re-usable process “components”.

Method Framework

Method
Process
Content 7
Tasﬁ’Use
Work Product
Definition , Role Use
Bo;e_ Gpidance Work Prsauct Use
Definition
Task Activity
Definition o
Process
Category

Figure 3: SPEM 2.0 Definition and Implementation

On one hand, the Method Content does not define when roles perform the tasks, but
rather the relationships between roles, tasks, work products and associated guidance
for these. The Method content indicate Who, What, Why and How without timing
information and offering highly re-useable information.

On the other hand, Method Processes define the timing of tasks indicating When task
are performed via Activity Diagrams and/or Work Breakdown Structures (and
predecessor/successor relationships). It is therefore in charge for defining the
development lifecycle through End-End sequence of Phases, Iterations, Activities and
Milestones.

In the intersection of Content and Process are Guidance, which are templates,
samples, roadmaps, etc. which give support to both methods and processes.

SPEM 2.0 has been designed for the development of the processes and can support
different life cycle models offering flexible mechanisms to get variables and
extensible processes.

A key feature of SPEM 2.0 is that define Methods Plug-in, which allow to customize
the methods without changing its original content. As we will see after, one package
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that composes the metamodel SPEM 2.0, the Method Plug-In provides the
capabilities to manage libraries of Method Content and Process allowing mechanisms
of variability and extensibility through the reuse of Methods Content and Process
certain. The types of variability are:

e Method variability: Mechanism that allows to customize method content
without directly modifying the original. The concept is similar to inheritance in
OO programming, and permits re-use with specialization. Content variability
could be useful, for example, to change the description of an existing role, to
add steps to an existing task, to add guidance to an existing task, and so on.

There are four types of method variability:

o

Contribute: The contributing element adds content to the base
element.  Resulting published element is the base element +
contributing element.

Extends: The contributing element inherits the content of the base
element and specialized some or all of it. Both the base element and
the extending element are published.

Replace: The replacing element replaces the base element. The
resulting published element is the replacing element.

Extends-Replace: Similar to extends, however the base element is
not published.

e Process Variability: Similar re-use mechanisms are available for Process
content as well. In addition, Activities may also be created in the following

ways:

o

Extends: The activity inherits the properties of the capability pattern.
Updates to the capability pattern are automatically reflected in the
activity.

Copy: An activity is created based on the capability pattern. It is not
synchronized with the capability pattern.

Deep Copy: Similar to copy, but applied recursively to activities.
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o Local Variability: When a capability pattern is defined (either by
Extends or Copy) local variability may be done (ex. Suppress steps in a
task descriptor, change performing role, etc.).

Another remarkable feature is Patterns of reusable processes and best practices for
assembling rapid processes. The patterns of processes defined in SPEM 2.0, are
blocks used to create new development processes; two main patterns of processes
exist:

e Capability patterns: Define the sequence of work (i.e. the sequence of
tasks) to achieve a particular purpose. They are similar to the work
breakdown structures (WBS) used in project management tools and define the
timing of tasks, including any predecessor/successor relationships. The
elements of the WBS can be specialized within the context of a Capability
Pattern. In the same way Capability patterns may be nested, to build up larger
building blocks.

¢ Delivery Process: A delivery process defines an end-to-end specification for
achieving a goal (ex. release a new version of a software application) defining
end-end full-lifecycle process. It can be seen as the top-level activity. In
addition to activities, delivery processes may contain milestones, phases, and
iterations which are defined using Work Breakdown Structures and/or Activity
Diagrams.

2.1.1 Metamodel structure

SPEM 2.0 presents a metamodel structured in seven main packages:
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Figure 4: SPEM 2.0 Metamodel Structure

This structure divides the metamodel in logical units. Each of these units
complements and extends the units on which it depends, providing it with additional
structures. Each of the units defined in the lower layers of the structure can be
understood as an implementation of SPEM 2.0 without using the higher level
units. In many cases, the classes in the metamodel are defined in a simple lower-
level units and are then extended to larger units through the mechanism of
combining packages with additional properties and relationships to meet more
complex requirements of process modeling.

The packages provide the following capabilities, described in more detail in the
following subsections:

Core: The package Core of Metamodel SPEM 2.0 contains all classes and
abstractions that constitute the basis for the rest of the packages of metamodel.

Process Structure: Contains the necessary classes for creating process
models. Supports creation of a simple and flexible process models.

Process Behavior: Can represent the dynamic part of the processes, the behavior.
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Managed Content: This package will allow to provide processes or systems with
annotations and descriptions that can be expressed as models and therefore should
be documented and managed as natural language descriptions.

Method Content: Contains all the elements for creating a set of reusable methods,
its aim is to illustrate which are the goals that a method has to reach, which
resources are used and which roles are involved.

Process With Methods: Composed of the main elements for modelling a process:
Activities, nested in a breakdown structure where the performing Role classes and
the input and output Work Product classes for each activity are listed.

Method Plug-In: This package introduces the concepts to design, manage and
maintain repositories and libraries of Method Content and Process.

2.1.1.1 SPEM Core

The Core Package is the basis on which the rest of SPEM2 packages are built. The
main classes in this package support the two main capabilities of SPEM: creating
classifications of SPEM2 classes depending on needs and having available a set of
abstract classes to describe the work through SPEM 2 Process.

The most relevant classes of this package are:

« WorkDefinition: It is an abstract class which allows generalizing any kind
of work inside of a SPEM 2 specification. Also is one of the most important
elements of SPEM specification.

«  WorkDefinitionParameter: It is a generalization of the Process
elements representing parameters for input or output for a specific Work
Definition.

«  WorkDefinitionPerformerMap: It is an abstract class which allows to
generalize the relation between the Work Definition and the responsible to
perform a job.
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Figure 5: SPEM Core Diagram
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The Process Structure package contains the basic elements to define development
process through a mechanism of decomposition. The main element is the activity
(Activity) which in turn can be decomposed into other activities and contain other
types of items such as Milestones, Role Uses etc.

The most relevant classes of this package are:

« Activity: It is the element used to represent the basic unit of work or to

represent a process itself.

« Milestone: A significant element in the development process.
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Figure 6: SPEM Process Structure Diagram

2.1.1.3 SPEM Process Behaviour

SPEM 2.0 does not impose any notation for modeling the dynamic behavior of the
system, just defines how link the models created with other supported notations
languages to reflect the behavior as BPMN, Activity Diagrams, etc.. With the
elements of the package Process Structure.

2.1.1.4 SPEM Managed Content

The Managed Content package defines the fundamental concepts for managing
textual descriptions for process and method content elements. The main element is
the abstract class Describable Element which is the superclass of all elements of the
system which can have a textual description.

October 2010 Page 23



eDIANA: GA no.: 100012

Analysis of Standard Process Models D6.3-C

The most relevant classes of this package are:

Category: Categories can be used to categorize content based on the user’s
criteria as well as to define whole tree-structures of nested categories
allowing the user to systematically navigate and browse method content and
processes based on these categories. Normally used to group related method
elements.

Categories may be nested and there are five Standard predefined Categories,
but open to define own custom categories; Predefined categories are:

o Discipline: grouping of related tasks.

o Domain: grouping of related Work Products.
o Work Product Kind: similar to Domain.

o Role Set: Grouping of related Roles.

o Tool: Grouping of Tools.

Describable Element: Store textual descriptions for a Describable Element.
Guidance: Element that provides additional information about any
Describable Element, for example how use a tool or how to perform a task. If
Tasks should indicate “what” needs to be done, Guidelines provide detailed
“how to”. Then Guidance may be associate with Roles, Tasks, and Work
Products and depending upon purpose they have different types.

Can be of different types as Checklist, Templates, etc.. the following table
presents the different types of Guidance:

Guidance Description

Checklist Identifies a series of items that need to be completed or
verified. Checklists are often used in reviews such as
walkthroughs or inspections.

Concept Outlines key ideas associated with basic principles
underlying the referenced item. Concepts normally
address more general topics than guidelines and span
several work product and/or tasks or activities.

Example Provides an example of a completed work product or
performed tasks and activities.
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Estimate

Provides sizing measures, or standards for sizing the
work effort associated with performing a particular piec4e
of work.

Estimation
Considerations

Indications for estimating the effort associated with some
work, including considerations on how to estimate and
the metrics used

Estimating
Metric

Describes a metric or measure that is associated with an
element and which is used to calculate the size of the
work effort as well as a range of potential labor

Guideline

Provides additional detail on how to perform a particular
task or grouping of tasks, or that provides additional
detail, rules, and recommendations on work products and
their properties.

Practice

Represents a proven way or strategy of doing work to
achieve a goal that has a positive impact on work product
or process quality. Practices are defined orthogonal to
methods and processes. They could summarize aspects
that impact many different parts of a method or specific
process.

Report

A template for an automatically generated description
with extracted content one or several work products.

Reusable Asset

Links a prepackaged solution to a problem for a given
context. Examples of asset are design patterns or
mechanisms, solution frameworks, etc.

Roadmap A linear walkthrough of a complex process or activity.
(This is process specific guidance.)

Supporting A catch-all for other types of guidance not specifically

Material defined elsewhere. It can be related to all kinds of
content elements.

Template For a work product, provides a predefined table of
contents, sections, packages, and/or headings, a
standardized format, as well as descriptions on how the
sections and packages are supposed to be used and
completed.
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Term Definition | Defines terminology and is used to build up the Glossary.

Tool Mentor Shows how to use a specific tool to accomplish some
piece of work, either in the context of, or independent
from, a task or activity.

Whitepaper Similar to concept, but has been externally reviewed or
published and can be read and understood in isolation of
other content elements and guidance.

Table 2: Types of Guidance

e Section: Structure elements descriptions in different parts.
e Metric: Defines measures on Describable Elements.
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Figure 7: SPEM Managed Content Diagram
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2.1.1.5 SPEM Method Content

The Method Content package contains the main elements of the fragments of
methods such as roles, tasks, steps and WorkProduct Definitions. The main purpose
of this package is to define the set tasks (Task Definition), organize them into
different steps (Steps), define what each (Work Product Definition) i/o produces and
specify who has made this task (Role Definition).

Relevant classes/elements in this package are:

Task Definition: Defines an assignable unit of work, and are performed by
Roles. Also have a clear purpose, and provide step-by-step descriptions of the
work that needs to be done to achieve an specific goal. In these steps Tasks
modify or produce Work Products but do not define “when” they are
performed in the lifecycle. This description is completely independent of when
in @ process lifecycle the work would actually be done. It therefore does not
describe when you do what work, but describes all the work that gets done
throughout the development lifecycle that contributes to the achievement of
this goal. When the Task Definition instance is applied in a process, then this
process application provides the information of which pieces of the Task
Definition will actually be performed at any particular point in time.

Role Definition: Defines a set of skills, competencies and responsibilities of a
participant or a set of participants. Roles are not individuals or resources.
Individual members of the development organization will perform different
roles.

Work Product Definition: Defines anything that is consumed, produced or
modified by the tasks. They may serve as a basis for defining reusable assets.
Roles use Work Products to perform Tasks and produce Work Products in the
course of performing Tasks.

Work Products are the responsibility of Role Definitions, making responsibility
easy to identify and understand, and promoting the idea that every piece of
information produced in the method requires the appropriate set of skills.

There are three types of Work Products:

o Artifact: typically a configuration managed item. An artefact could
consist by other simpler artifacts.

o Deliverable: required customer/stakeholder deliverable.

o Outcome: intangible result of a task such as an installed server or
tool.

Step: Used to organize a task in parts or subunits of work.
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Figure 8: SPEM Method Content Diagram

2.1.1.6 SPEM Process With Methods

The Package Process With Methods provides the data structures necessary to reflect
good practices in the industry and allow reuse between separate instances of

processes and methods.

Relevant classes/elements in this package are:

e Activity: Is defined as a set of different elements (activities, task uses, roles,
milestone... etc.) defined in a namespace, and for which has been described a
series of relationships according to the method or project that we are.

¢ Method Content Use: it is the key concept to understand the separation
among Process and Method Content. The Content Method has a series of
elements and relationships that are modified to a particular Process for which
the Content Method has been created.

e Process Package: A package that can only contain Process Elements.

e Role Use: A role in the context of a particular activity.

e Task Use: Task Definition in the context of a particular activity.
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e Work Product Use: Work Product definition within the context of a particular

activity.
B packageableElement al Classifier
(from Constructs) (from Constructs)
7
ExtensibleElement
{from Core)
| MethodContentPackageableElement | | ProcessPackageableFlement |
|
MethodContentPackage || MeathodContentElement || ProcessPackage || ProcessElement |
| MethodContentKind || BreakdownElement || PlanningData || ProcessKind |
| Method Contentlse || ProcessPerformer | | WorkBreakdownElement || TeamProfile |
1
| RoleUse || WorkProductUse || TaskUse |

Figure 9: SPEM Process with Methods Diagram

2.1.1.7 SPEM Method Plug-In

The Package Method Plug-In provides capabilities to manage libraries of Method
Content and Process allowing variability and extensibility mechanisms by reusing
Method Content and certain Process. A Method Plug-in is a container of fragments of
method and is formed by Method Content and Processes. The way to create a
Method Plug-in, SPEM 2.0 allows referencing other Plug-ins whose content want
reuse and/or extend.

Relevant classes/elements of this package to structure and manage the information
are:

e Method Plugin: Is defined as a storage unit of the configuration,
modularization, packaging and deployment of Process and Method Content. It
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can be seen as a container for content that can be independently imported
and exported from a library. This kind of element can re-use information in
other plug-ins. Method Plug-ins are further sub-divided into Method packages
and Process package to simplify managing the information.

e Method Library: Is defined as a container of Method Plugins and definitions
of Method Configuration.

¢ Method Configuration: Is a logical subset inside of Method Library defined
using a selection of Methods Packages. It can be seen as a 'filter’ applied to
the library that gives only what is needed for a particular purpose.

e Variability Element: Used to provide capabilities for variation and extension
in the SPEM elements.

2.1.2 SPEM 2.0 as UML Profile

In addition of metamodel, SPEM 2 is defined as a UML profile; this makes it easy to
work with existing UML tools. SPEM 2 and UML are located in the level of abstraction
M2 of the OMG (see figure 1).

Stereotype Meta-/Superclass Icon
Activity WorkDefinition, Planned Element / Action B_l‘ﬁ
Category DescribableElement / Class E,
CompositeRole RoleUse B%
Guidance DescribableElement / Class Hj
Process Activity O
RoleDefinition MethodContent Element / Class ﬁ
RoleUse BreakdownElement / Classifier [%.
TaskDefinition MethodContentElement, WorkDefinition 3
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TaskUse WorkBreakdownElement, PlannedElement / e,
Classifier, Action et
WorkProductDefinition | MethodContent Element / Class |_|
WorkProductUse BreakdownElement / Classifier m

Table 3: Relevant SPEM 2 UML profile Stereotypes

2.1.3 Tools

Both Open Source and Commercial tools are present in the market, allowing
descriptions using the SPEM2.0 recommendations:

EPF Composer

Eclipse Process Framework Composer is an SPEM 2.0 editor is an Open Source
tool result of the Eclipse Process Framework (EPF) project. The EPF Composer
uses a forms-based approach to defining method content (such as roles,
tasks, and work products) in an Eclipse IDE. Method content is then
configured into process patterns using various breakdown structures and
activity models.

Source:

http://www.eclipse.org/projects/project summary.php ?projectid=technology.epf

IBM Rational Method Composer (RMC)

The commercial version of the EPF Composer
Source: http.//www.ibm.com/software/awdtools/rmc
PRO3

Commercial tool developep on top of EPF and Microsoft Project developed by
Objecteering.

Source: http.//www.Objecteering.com
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2.1.4 Conclusions

SPEM 2.0 establishes a clear separation between the formal definition of a method
(Method Content) and its possible use within a specific process in a concrete project.

At the same time it allows to easily define new processes assembling existing parts,
located in repositories (store and manage processes for use in later developments).
Also recognizes the need that might exist certain parts that cannot be formalized and
therefore they should be included within the process through a description in natural
language.

The SPEM 2.0 Specification comes in the form of a MOF2.0 Compliant metamodel
that reuses UML2.0 Infrastructure and UML 2.0 Diagrams interchange specifications
and also comes as UML Profile where each element of the SPEM 2.0 Specification is
defined as a stereotype in UML2.0. This allows the use of the multiple UML tools
existing in the market and aims to facilitate the vendors adoption to this
specification.

Finally it leaves open to developers the selection of the notation to describe the
dynamic behavior, making it easy to select the best suited notation to the domain of
the problem. Nevertheless, it suggests to use UML2.0 Activity Diagrams or BPMN as
the they support the most workflows patterns.

2.2 OPEN

2.2.1 General overview

Object-oriented Process, Environment, and Notation (OPEN) is a free, public domain,
defacto industry-standard approach for the production of endeavor-specific
development methods. OPEN was originally created in the mid-1990s as a merger of
several earlier object-oriented software development methods. Since then, OPEN has
grown and evolved to support the development, sustainment, and retirement of
software-intensive systems as well as to support business [re]engineering.

Object-oriented Process, Environment, and Notation (OPEN) is the premier third-
generation, public domain, full lifecycle, process-focussed, methodological approach
that was designed for the development of software intensive applications, particularly
object-oriented and component-based developments. OPEN was developed and is
maintained by the not-for-profit OPEN Consortium.
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Figure 10: the OPEN Model

As illustrated in the preceding figure, OPEN is composed of the following three parts:

OPEN Process Framework (OPF), which is a framework for process
engineering (method engineering) consisting of the:

o OPF Process Component Class Framework, which

is a process

metamodel that defines the standardized core abstract process
component classes (method components), the relationships between
them, and any constraints (i.e., well-formedness rules) that constrain
these classes and their relationships.

OPF Process Component Class Libraries, which consists of free, open-
source, reusable process component subclasses of the classes in the
process metamodel.

OPF Reusable Methods, which are reusable process models made by
integrating appropriate concrete process component classes from the
OPF class libraries.

OPF Usage Guidelines, which are guidelines that are used to construct
new OPF-compatible process models (a.k.a., methods) or extend and
tailor ones.

OPF-compatible Environments, which are integrated sets of one or more
tools that can be used for process engineering with the OPF.
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OPF-compatible Notations, which are one or more notations (e.g., OML,
UML) that are appropriate for documenting the classes of process components
stored in the OPF repository.

The OPEN metamodel defines five main, high-level classes of types of method
fragments:

Work Product: anything of value that is produced, used, or modified during
the process of development. Work Products are the result of producers
(usually people) executing Work Units and are used either as input to other
Work Units or delivered to a client. Despite the name (viz. “products”), they
also include externally supplied (e.g., by a user) pre-existing artefacts used as
inputs to Work Units.

Producer: entity responsible for creating, evaluating, iterating, and
maintaining Work Products—typically a person, but could also be a software
tool or even a piece of hardware.

Work Unit: a functionally cohesive operation that is performed by a
Producer. There are three major classes of Work Unit: Activity, Task, and
Technique. Activities and Tasks are statements at different levels of
granularity of what needs to be done. Techniques, on the other hand,
delineate the how. Because of their visible and tangible nature, Work
Products, and especially those that are deliverable, are of particular interest to
project managers. They also provide an alternative to Tasks in project
tracking.

Language: a medium for documenting a Work Product, for example, natural
language, UML, Java.

Stage: an identified and managed duration within the process or a point in
time at which some achievement is recognized. Stages describe when things
happen in the software development lifecycle.

Activities in OPEN are coarse, granular descriptions of what needs to be done. The
combination of Activity objects with forward and backward links form the process.
Scheduling comes from the planning Activities and Tasks combined with the project
management elements embodied in the appropriate Tasks. A specific process
instantiation may concentrate on a single project or on a programme of several
projects, which introduces new foci such as domain modelling and reuse, as well as
resource allocation.
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Also focusing on the “what” is the OPEN Task, which offers much more detail than
the OPEN Activity and provides project management support. While OPEN’s Tasks
are like Activities in the sense that they describe jobs to be done (but not how to do
them), they are different in that Activities are conceptual, while Tasks, as the
smallest unit of work that can be project-managed and result in a deliverable, are
linked to a project management mindset.

In addition, the idea that business culture should be adapted to fit a specific
methodology is not good business sense, despite its prevalence in many of the
marketed methodologies to date. When using IT and its dependent parts, such as
methodologies, it is critical that they fit the business and not the other way around.

2.2.2 Tools

Support for the OPEN process currently is relative poor, and very discontinuous. The
tools that implement this standard are:

e eTrack
Commercial tool developep by eTrack Products Pty Ltd..
Source: www.etrack.com.au

e ArcStyler
Commercial tool developep by Interactive Objects Software GmbH.
Source: www.arcstyler.com

e Process Continuum
Commercial tool developed by Myriad Solutions.
Source: www.myriadsolutionsinc.com

2.2.3 Conclusions

OPEN is fully object-oriented Methodology/process of public domain, developed a few
years ago which supports business process modeling among others and provides
strong support for the full lifecycle of the software application;

Key features of OPEN are threefold:
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e Software quality
e The use of metrics and
e The reuse of processes

OPEN encapsulates business, quality, modelling and reuse issues within its end-to-
end lifecycle support for software development using the object-oriented paradigm.

OPEN is very flexible and permits to be used on either small projects or large, and
independently of the criticality of the project mission. The flexibility is applicable in
either short lifetime projects or on long-term business core software that needs to
ensure the perdurability and quality of it.

The metamodel-based framework of OPEN can be tailored to individual domains or
projects taking into account personal skills, organizational culture and requirements
peculiar to each industry domain.

Furthermore seems that other standards such as SPEM are pushing over and are
presented as substitutes, the reason for that might be the fact that permits more
expressivity and has better tooling support.

2.3 BPDM

The Business Process Definition Metamodel (BPDM) [9] is a standard XML-based
proposal for business processes being developed by the Object Management
Group (OMG). The final submission of the proposal of BPDM is dated as November
2008.

The BPDM is a framework which supports the representation of business processes
independent from notation or methodology and provides an explicit MOF based
metamodel and a robust serialization mechanism based in XMI, which is going to
allow exchange business process specifications between modeling tools, and
between tools and execution environments.

The main goals to achieve BPDM are:

e Obtain a Common metamodel to unify the diverse business process definition
notations that exist in the industry containing semantics compatible with
leading business process modeling notations. Nevertheless BPDM provides a
formal extension to BPMN, as the BPMN concepts are represented in an
explicit metamodel. Thus it may support interoperability between different
tools and notations.
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The ability to integrate process models for workflow management processes,
automated business processes, and collaborations between business units.

Support for the specification of web services choreography, describing the
collaboration between participating entities and the ability to reconcile the
choreography with supporting internal business processes. For that it defines
a shared vocabulary for process modeling concepts distinguishing
complementary views of a process:

o Orchestration: Includes the traditional view where sequences of activities
are carried out.

o Choreography: Describes interactions of entities each of which may have
their own internal orchestration processes.

The BPDM package contains the models for orchestration (including BPMN) and
choreography, and their performance, enactment, and execution. It has six
subpackages grouped into two categories:

Common Behavior Model: for the aspects of dynamics in common between
orchestrations and choreography (Behavior Model, and Interactive Behavior
Model).

Activity Model: for orchestration and Interaction Protocol Model for
choreography. BPMN Extensions are including here. Is what the business
process does.

The BPDM package imports the Common Infrastructure package which provides the
framework that ties the other models to performance, enactment, and execution
(Abstractions, Composition Model, Course Model and Condition Model).

BPDM uses the terms “Process” and “Interaction Protocol” instead of orchestration
and choreography in order to avoid misinterpretation.
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Figure 11: BPDM Metamodel Structure

BPDM is often compared to the existing process interchange format XPDL, but
although the efforts are similar in that they could be used by process design tools
to exchange business process definitions, the key difference is that BPDM is based
on XMI, a format for exchange of programming models from the OMG. And the
most important is that BPDM has not yet been ratified nor implemented at this
time.

The model is an UML clarification of BPMN concepts. This gives the basis for a
software development environment (e.g. IDE) to model workflows with UML and
MOF based BPMN graphical interface, rather than using some proprietary graphical
workflow design interface.

2.3.1 Conclusions

BPDM Provides abstract concepts to express business process models and its mission
acts as an interchange channel among different business process description
languages. At the same time presents a unification of orchestration and
choreography and is designed to represent concepts from a business perspective.
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It was initially designed to supplement BPMN with a formal metamodel of its
modeling constructs and envisioned to become persistency format for BPMN. A good
set of features such as Mapping to MOF and XMI are part of the BPDM. At the
beginning BPMD specifies a mapping between BPDM and BPMN, but currently has
been absorbed by BPMN 2.0 and is included in the latter one.
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3. Business process modeling

3.1 Business Process Management (BPM)

Business Process Management (BPM) is ultimately concerned with the management
of a process model that is a run-time executable artifact that drives the business,
and is monitored for improvement. A process developed within a BPM context will
follow a full lifecycle from analyse/design through testing, deployment, execution and
measurement/monitoring.

For a customer the benefits of BPM can be quite far reaching. It provides a ‘process
layer’, by removing process from business rules etc embedded in specific
applications, and exposes the business processes in a way that enables the business
to manage, improve and monitor performance without the need for IT.

process owner
process manager

process user representatives
% process analyst %
process owner 4/ process manager
process manager process user representatives
process analyst . process analyst
Book ‘as is’ process out X
of repository and ‘to be’
/ in 4
- Book ‘to be’ process out to test
Process scope - — and in when signed-off
Process
repositol
Process stats & ' Book process
feedback ~ 4 out to publish
n A N
process owner . , process owner
process manager Process ‘areas pro er
prox representatives
pro
) Use process & pro !
feedback
ind .J.I.J
*

process owner

process users

Figure 12: Sample BPM lifecycle
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3.1.1 Methodology vs. Method

The main difference between modeling methodology and modeling language or
method is that a modeling methodology is rather a vision of business process
modeling with its intended use and steps to create models, while modeling language
translates these sometimes abstract ideas into practice. Methodology is rather a way
of thinking, while language is a set of tools that allow describing reality on the basis
of the chosen paradigm.

A modelling methodology usually consists of a modelling procedure, a modelling
language (method) and some modelling techniques. The modelling language
contains the elements to describe a model and is characterized by its syntax,
semantics and notation. A modelling procedure describes the steps applying the
modelling language to create results, i.e. models. Modelling techniques are
mechanisms and algorithms which allow the work on the models described by the
modelling language.

( Methodology

| @ | Modeliing », AT
Procedures .. ) Languages | o | Techniques

* Roles

« Tasks / Activities * Business proces

¢ Algorithms/tool

moedeling : e
TR A » Workdiow XPDL « & sancatora
« BPEL 9
development « UML techniques

environments
\* etc..

e etc,,.

Figure 13: Methodology vs. Modelling language

3.2 Business Process Modelling Languages (BPML)

Business Process Modelling Languages (BPMLs) express certain aspects of processes
(e.g. activities, roles, interactions, data, etc.) and address different application areas.
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The most important by its adoption in research and industry fields, UML 2.0 activity
diagrams, BPMN 2.0, EPC, IDEF and BPML are analyzed in this subchapter.

3.2.1 UML 2.0 Activity Diagrams

The Unified Modeling Language (UML) [10] is a standard modeling language
currently maintained by the Object Management Group (OMG), for visualizing (using
the standardized graphic UML notations) and specifying the static structure, dynamic
behavior and model organization. UML consists of a notation for describing the
syntax of the modeling language and a graphical notation and a meta-model which
describes the static semantics of UML. The UML specification consists of the
Infrastructure which defines foundational language constructs required for UML and
of the Superstructure which defines user level constructs (diagrams) and it is defined
by a Meta-Object Facility (MOF) metamodel.

According to the OMG's description, UML 2.0 defines thirteen different types of
diagrams, divided into three categories: Six diagram types for modeling of system
structures and details of the static system; three to model the dynamic behavior of a
system; and four represent different aspects of interactions:

e Structure Diagrams include the Class Diagram, Object Diagram, Component
Diagram, Composite Structure Diagram, Package Diagram, and Deployment
Diagram.

e Behavior Diagrams include the Use Case Diagram (used by some
methodologies during requirements gathering); Activity Diagram, and State
Machine Diagram.

e Interaction Diagrams, all derived from the more general Behavior Diagram,
include the Sequence Diagram, Communication Diagram, Timing Diagram, and
Interaction Overview Diagram.

The hierarchy of the diagrams is described in the next figure.
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Figure 14: Hierarchy of UML Diagrams

UML can be considered as a modeling method for object-oriented systems and
although the focus is on software and system development, UML is also considered
as a possible method for modeling of business processes. Especially UML Activity
Diagrams (ADs) provide a high-level means of modeling dynamic system behaviour.
The core element for the description of behaviour in UML is the Action. Actions take
a set of input and convert them into a set of output, although either or both sets
may be empty [11]. UML defines more than 40 action types (e.g. AcceptEvent or
SendSignal). For the description of a system’s behaviour the concept of activity is
used, whereas an activity can be composed of various actions and/or other activities.
With Activity diagrams the basic control-flow concepts of the Workflow Management
Coalition: sequence, parallelism, synchronisation, exclusive choice and simple merge
can be modeled easily.
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Figure 15: UML Activity Diagram Example

The above example shows some UML Activity Diagram actions (activities) and control
nodes (initial/node, decision, fork, join).

UML Activity Diagrams also offer support for data perspectives like data visibility,
data interaction, data transfer and data-based routing.

Given the large amount of existing tools with support for modelling with UML, both
commercial and Open Source, does not seem necessary to present a specific list in
this section.

3.2.2 Conclusions

UML specification is the most widespread software specification of OMG. The Activity
Diagrams have been used for modeling business processes, but has a limited
expressiveness. To solve this OMG reformed completely the activity diagrams to
allow modeling all types of business processes. However OMG absorb BPMI (Business
Process Management Initiative) organization and thus its standards, one of them was
BPMN (Bussiness Process Modeling Notation), another notation language for
modeling business processes, analyzed in the next section. This implies that there
are two notations for the same purpose within a single organization, thus It appears
that OMG are turning to the use of BPMN, as it is more expressive, giving support
(total or partial) greatest number of workflow patterns and being richer graphically,
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making it easier to understand by different profiles of users. Another point to note is
that BPMN is supported by the WfMC, one of the largest organizations in the field of
workflows and a member of the OMG, itself has modified one of its specifications,
XPDL, to give full coverage to BPMN.

Furthermore BPMN can be transformed directly into BPEL which is a language for
Web service orchestration. BPEL is becoming recognized as a standard and will also
be analyzed in this document.

Activity Diagrams pros are that their specification is supported by many tools and
there are plenty of business processes modeled in this notation as well as a great
experience by developers using UML diagrams.

3.2.3 BPMN 2.0

BPMN stands for Business Process Management Notation and represents a new
standard developed by the Business Process Management Initiative (BPMI) and
recently absorbed and maintained by the Object Management Group (OMG).

The OMG initiated the work to develop BPMN 2.0, the first major revision of BPMN in
the year 2009. The beta version 2 of BPMN 2.0 is now available and vendors are
using it to start implementations.

The main goal of BPMN is to provide a notation that is readily understandable by all
business users, from the business analysts that create the initial process draft to the
technical developers of the process executing applications; it is therefore thought to
be used by different audiences. According to the BPMI the standard shall create a
standardized bridge for the gap between business process design and process
implementation [12]. Another main objective of BPMN is to make sure that XML
languages designed for the execution of business processes (e.g., BPML4WS) can be
visualized with a business-oriented notation to enable the direct mapping to business
execution languages and web services. Thus, BPMN needs to allow for modeling with
different methodologies, the creation of process segments as well as end-to-end
business processes, and different levels of fidelity (from very simple to those ready
for execution with a process engine). These requirements lead to two main drivers
for designing the notation:

1) provide a simple and understandable mechanism for displaying business process
models, and

2) provide the complexity inherent to business operations.
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The approach taken to handle these two conflicting drivers was to organize the
graphical aspects of the notation into a small set of notation categories (e.g.,
Activities, Events, and Gateways) so that the reader of a BPMN diagram can easily
recognize the basic types of distinct elements and understand the diagram. Within
the basic categories of elements, additional variation and information can be added
to support the requirements for complexity without dramatically changing the basic
look and feel of the elements.

The BPMN Modeling language offers different models type with a number of
graphical objects and connecting objects. As one activity of a business process
diagram can be decomposed to a sub-process, hierarchic process structures with
different levels of detail can be modeled. If one activity has no further sub-process
linked, it is considered a task.

3.2.3.1 BPMN 2.0 Structure

BPMN has more than 110 graphical symbols structured in several main categories,
including Flow objects, Data, Connecting objects, swimlanes and Artifacts. From
these elements, the specification then expands into layers that add specialized
markers to these elements, this is because being a complex language it is structured
in terms of extensibility layers, where each of them is based on the top and extends
from the lower layers. It includes a core or kernel that includes the most
fundamental elements of BPMN required to build BPMN diagrams: Process,
Choreography, collaboration and conversation. The core is designed to be simple,
concise and renewable, with a well-defined behavior.

Three layers are in charge to cover the different elements. Layer one contains the
core elements grouped into three modules, infrastructure, common elements, used
by layer two, and services (elements to cover the modeling of the services and
infrastructures). Layer two defines extensions for three diagram types: process,
choreography, and collaboration. And finally layer three defines extensions for
humans, data, activities, and conversations.
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Figure 16: BPMN Layers Structure

The Core elements located in the first layer are:
¢ Flow objects

Flow objects define the behavior of a business process and include events,
activities and gateways

o Activities: An activity can be generically described as work that an
organization performs.
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Activities

—_—
) A Task is a unit of work, the job to be

performed. When marked with a symbol
it indicates a Sub-Process, an activity that can
be refined.

Task

A Transaction is a set of activities that logically
Transaction belong together; it might follow a specified
transaction protocol.

1]

An Event Sub-Process is placed into a Process or
Sub-Process. It is activated when its start event
gets triggered and can interrupt the higher level
process context or run in parallel {nomn-
interrupting) depending on the start event.

Event
Sub-Process

A Call Activity is a wrapper for a globally defined
Call Activity Sub-Process or Task that is reused in the current
process.

]

Figure 17: Event types in BPMN 2.0 [13]
Different elements for abstraction are remarkable:

Callable element : CallableElement is the abstract super class of all
Activities that have been defined outside of a Process or Choreography but
which can be called (or reused) from within a Process or Choreography. It
may reference Interfaces that define the service operations that it
provides. A Callable element could be exposed as a Service.

Call Activity . A Call Activity identifies a point in the Process where a global
Process or a Global Task is used. The Call Activity acts as a ‘wrapper’ for
the invocation of a global Process or Global Task within the execution. The
activation of a call Activity results in the transfer of control to the called
global Process or Global Task.

Global Task : A Global Task is a reusable, atomic Task definition that can
be called from within any Process by a Call Activity.

Also new elements have been added to improve dynamicity:

Business Rule Task : A Business Rule Task provides a mechanism for the
Process to provide input to a Business Rules Engine and to get the output
of calculations that the Business Rules Engine might provide. The
InputOutputSpecification of the Task will allow the Process to send data to
and receive data from the Business Rules Engine.
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Service Task : A Service Task is a Task that uses some sort of service,
which could be a Web service or an automated application. The Service
Task inputs map to the parts of the input Message, that is the attributes
inside of the Message. For a WSDL message, this would be expressed as
message parts

o Events: Events represent something that "happens" during the course of a
business process. An event will affect the flow of a process. An event is
usually triggered by a cause and it will have an impact (result).

There are three kinds of events: Start, Intermediate and End.
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Figure 18: Event types in BPMN 2.0 [13]
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o Gateways: are like decisions and can be exclusive, inclusive, complex or

parallel

Exclusive Gateway

O®

Event-based Gateway

©

Parallel Gateway

®
©

®

Inclusive Gateway

When splitting, one or mare
branches are activated, All
active incoming branches must
complete before merging.

Complex Gateway

Complex merging and
branching behavior that is not
captured by other gateways.

Gateways

When splitting, it routes the sequence flow to exactly
one of the outgoing branches, When merging, it awaits
ane inceming branch to complete before triggering the
outgoing flow,

Is always followed by catching events or receive tasks.
Sequence flow is routed to the subsequent event/task
which happens first.

‘When used to split the sequence flow, all cutgoing
oranches are activated simultansously. When merging
parallel branches it waits far all incoming branches to
complete before trigeering the outgoing flow.

Exclusive Event-based Gateway
{instantiate)

Each occurrence of a subsequent
event starts a new process
instance,

Parallel Event-based Gateway
{instantiate)

The cccurrence of all subsequent
events starts a new process
instance,

Figure 19: Gateway types in BPMN 2.0 [13]

e Data

Data include five elements and corresponds to the data input and output for
the different process or tasks and also for the data repository.

o Data Objects
o Data Imputs
o Data Outputs
o Data Stores

o Properties
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Data

—3 A Data Input is an external input for the
) > Tl entire process. It can be read by an activity.
Input [ i Task |---eood Out-

—_— put & Data Output is a variable available as result

of the entire process.

_Il*- A Data Object represents information flowing
through the process, such as business
documents, e-mails, or letters.

S A Collection Data Object represents a
collection of informaticn, e.g., a list of order
m items.

F__ __'j A Data Store is a place where the process can

B read or write data, e.g., a database or a filing
Cata Store cabinet. It persists beyond the lifetime of the
— process instance.

I‘Z’I IYI A Message is used to depict the contents of a
communication between two Participants.

Figure 20: Data elements in BPMN 2.0 [13]

¢ Connecting Objects

The connecting objects can be sequence flows but it is also possible to model
additional message flows, especially in order to represent complex B2B-
scenarios. Data objects which can be both electronic and physical objects can
be linked to sequence flows or message flows. Different ways to connect the
flow objects are through: Seqguence flow, Message flow, Association and Data
Association

e Pool and Swimlanes

These two graphical elements, pools and /anes specify within a process which
element does what. Normally pools are used for Modeling organizations and
lanes which are sub-partitions of pools for departments within that
organization although a pool could also represent a function, application or
location, among other things.
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Figure 21: Pool and Swimlanes in BPMN 2.0 [13]

o Artifacts

Provide additional information about the process and is composed by 7ext

annotations and Groups.

3.2.3.2 BPMN 2.0 Diagrams

The BPMN models are expressed graphically through different types of diagrams, in

BPMN 2.0, four types of diagrams are available:

Process: Process provides a flowchart view that describes a sequence or flow of
Activities in an organization. In BPMN a Process is a graph of flow elements, which
are a set of activities, events, gateways, and sequence flow. BPMN supports the
modelling of both, simple process and processes with more complex concepts as

transactions, compensations, etc..
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Figure 22: Business Process diagram (Example)
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Collaboration: Collaboration diagram provides a view of the interactions shown by
message Flow between two or more participants shown as Pools. Collaborations can
be combined with Processes within the Pools to show how the interactions are
related to the internal Process activities and/or with Choreographies between the
Pools.
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Figure 23: Business Collaboration Diagram (Example)

Conversation: Conversation defines message exchanges between
participants/Pools and allows a modeller to group Collaboration interactions between
two or more Participants/Pools, which together achieve a common goal.
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Figure 24: Conversation Diagram (Example)

Locative Service

Choreography: Choreographies represent sets of tasks performed by participants.
This kind of diagram provides a flow chart view to sequence the interactions between
the participants. The focus is on the exchange of information and definition of the

messages.
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Figure 25: Choreography Diagram (Example)

BPMN 2.0 represents a substantial effort to improve the underlying modeling
infrastructure and to expand the modeling capabilities to cover a wider range of
business process scenarios and interactions.

3.2.3.3 Conclusions

BPMN 2.0 represents a substantial effort to improve the underlying modeling
infrastructure and to expand the modeling capabilities to cover a wider range of
business process scenarios and interactions. This last specification offer real
improvements about the refinement and formalization of the BPMN execution
semantics, they stand at the beginning of a process and at the same time offer an
important Interchange of BPMN models, including the diagram layout, through XML
and XMI Schemas (and XSLT transformation) , thus a set of conformance levels to
support different process modeling markets.

New process elements in the standard make more understandable and useful. It
includes:

¢ Non-Interrupting Events (attached to Activities)
e Optional Event Sub-Processes
e Graphical markers for individual Task types

e Improved support for human interactions
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Enhanced modeling of services
Upgrade support for process data
The Refinement of Event composition and correlation and

New diagrams, Conversation and Choreography

For all the abovementioned bullets this standard is consolidating as the referent in
the market.

3.2.3.4 Tools

Different tools/editors Open Source and Commercials offering the BMPN 2.0 version,
some of the best-known in the market are:

Oryx online editor

It is an Open Source project that allows to add prototypes to a powerful
process modeling infrastructure. The project is mainly driven by the Business
Process Technology research group.

Source: http.//bpt.hpi.uni-potsdam.de/Oryx
Eclipse BPMN modeler

The BPMN Modeler is a business process diagram editor for business analysts,
based in eclipse and Its semantic model is based on the Eclipse Modeling
Framework, it uses the Graphical Modeling Framework to run its editor.

Source: http.//www.ecljpse.org/bpmn
Activiti BPMN 2.0 Eclipse Plugin

The Activiti Eclipse BPMN 2.0 Designer eclipse plugin project provides the
necessary functionality to design BPMN 2.0 processes and run these processes
on the Activiti Engine.

Source:

http.//docs.codehaus.org/display/ACT/Activiti+BPMN+2.0+Eclipse+Plugin

October 2010 Page 56



eDIANA: GA no.: 100012
Analysis of Standard Process Models D6.3-C

A complete list of tools that implements BPMN collected by OMG is in:

http://www.omg.org/bpmn/BPMN Supporters.htm

3.2.4 Event Driven Process Chain (EPC) — ARIS

Event-driven Process Chains are a method developed by Scheer, Keller and Nittgens
within the framework of Architecture of Integrated Information Systems (ARIS) [14]
to model business processes especially for the support of business users.

The ARIS concept involves dividing complex business processes into separate views
and integrating these separate views to form a complete overview about one
business process. The different views are:

e Function view: Describes the activities within a company which are to be
performed, the enumeration of the individual subfunctions that belong to the
overall relationships and the relationships between the functions.

e Data view: Contains events and status information. Events are created by
processing functions or by actors outside of the model. An event may act as a
pre- or postcondition of a function.

e Organization view: For the structure and relationships between users and
organization units which are responsible for performing a function.

e Resource view: which includes general conditions for describing other
components and deliverables that represent services or products that
functions produce or need.

The EPC method includes three core elements: events, functions and connectors.
Events represent states created by processing functions or by actors not included in
the model. Functions are like activities. So a process consists of a sequence of events
triggering business functions which are themselves the result of other functions or an
initial triggering event. The semantic for the connectors is designed to be able to
model complex parallelisms and decisions:

« AND-connector: one incoming arc and at least two outgoing arcs mean
that that process is forking into various parallel activities, whereas various
incoming arcs and only one outgoing arc represent the merging of the
parallel process paths.
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« OR-connector: one incoming arc and at least two outgoing arcs mean
that the process is forking into alternative functions which are not
necessarily exclusive, whereas various incoming arcs and only one
outgoing arc represent that two or more possible paths can lead to the
next function.

« XOR-connector: like the OR-connector but with exclusive paths (only one
alternative can be taken).
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Figure 26: EPC example process

EPC processes can be modelled in a hierarchical structure linking functions to sub-
processes. The basic process flow modelled with EPC can be extended by further
semantic components like data flows, organizational units or IT systems.
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Figure 27: EPC with additional elements

Although the EPC-method has a clear focus on process analysis and design rather
than on technological aspects.

3.2.4.1 Conclusions

ARIS is a complex and widespread methodology whose notation is more used in a
vast range of issues relating to development, optimization, integration and
implementation of an information system. Currently is having considerable success in
the field of business processes, despite being a commercial tool and its high price.
The most important features is that the EPC diagrams are understandable to non-
specialists in the modeling process, and at the same time allows a multilevel view of
the processes, with the possibility of high-end models and levels with highly detailed,
offering technological support for collaborative development.

About the expressiveness, EPC diagrams can be ambiguous and have no well-defined
syntax. The absence of a well-defined formal semantics is a major impediment to the
exchange of models between tools from different vendors, developing tools for
process analysis and prevents a study precise on the workflow patterns to which it
gives those who supported this diagram. One solution might be to try to formalize
the EPC diagrams transforming them in other formalized notation as Petri nets, not
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covered in this analysis mainly because is difficult to understand for non-experts and
presents problems in expressing some patterns related to specific features such as
multiple instances, advanced synchronization, cancellation, etc.

3.2.5 IDEF

IDEF (Integrated Definition Methods) is a family of standard methods for the
documentation and analysis of business processes sponsored by the US Air Force
within the context of its long-running Integrated-Computer-Aided-Manufacturing-
Program. IDEF is a set of Modelling methods with IDEFO and IDEF3 being the most
popular ones. The original aim of IDEF was to cover the need of comprehensive
communication techniques to describe complex business processes (especially with
respect to manufacturing).

3.2.5.1 IDEFO

IDEFO is a method for functional modelling with the objective of describing a
system’s functions in a detailed way. An IDEFO diagram is a graph where the nodes
(represented by boxes) represent functions and the directed edges represent data
and control flows between the functions.
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Figure 28: IDEFO (Example)

IDEFO only represents the functional view of a business process and was originally
based on techniques for software development and design.
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3.2.5.2 IDEF3

IDEF3 shows the dynamic aspects of a business process or the behavioural view.
Processes are described as ordered sequences and as such, IDEF3 is a scenario-
driven process flow modelling method, based on the direct capture of precedence
and causality relations between situations and events.

Painl Part > Dry Part » Test Coverage » X >

Figure 29: IDEF3 — Process Description Diagram (Example)

The IDEF3 term for elements represented by boxes (can be activities, processes of
events) is Unit of Behaviour (UOB). Each UOB can have associated with it
descriptions in terms of other UOBs (decomposition) or descriptions in terms of a set
of participating objects and their relations (elaboration). Decomposition is something
like a sub-process or sub-model whereas an elaboration is an element of the IDEF3
description which captures the objects that participate in a particular activity and the
corresponding constraints.

Another model type in IDEF3 is the Object State Transition Network (OSTN) diagram
which shows object-centred views of processes and summarizes the allowable

transitions.
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Figure 30: IDEF3 — Object State Transition Network Diagram (Example)

Obiject states are represented by circles and state transitions are represented by the
lines connecting the circles. An object state is defined in terms of the facts and
constraints that need to be true for the continued existence of the object in that
state and is characterized by entry and exit conditions. Entry conditions give the
requirements to be met before an object can transition into the next state, while exit
conditions give the requirements for transitioning out of a state [15].

3.2.5.3 Conclusions

IDEFO is a powerful methodological tool and has been used in the aerospace,
electronics industry, pharmacy , and fast moving consumer goods fields. IDEFO is a
simple notation (based on boxes and lines) which allows to model activities
incorporating flow data in and out of them, as well as the business rules and roles,
incorporated all in the same view. However IDEFO model does not reflect correctly
the interactions among members of the team, but offers the possibility of combining
with other methodologies to add sequencing and timing of activities.

IDEFO is an appropriate model to be used whenever it you need to generate
processes with a high degree of accuracy and detailed models in the description.
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IDEF3 allows to document processes for standardization and for capture the
temporal sequence and decision that affects the process logic. It is also used to
analyze existing processes and to design and test new processes before their
implementation.

Ideally, would be to use jointly IDEFO & IDEF3 representing details of deployment as
well as the processes at the appropriate level for each moment.

About expressiveness, IDEFO e IDEF3 supports almost all workflow patterns, but
there are deficiencies to reflect organizational structures and aspects related to the
objectives and the qualitative characteristics of the process.

3.2.6 BPML

Business Process Modelling Language (BPML) is an open specification defined by
BPMI. It aims to enable the standards-based management of e-Business processes
with forthcoming Business Process Management Systems (BPMS).

The Business Process Modelling Language (BPML) is a meta-language for the
modelling of business processes, just as XML is a meta-language for the modelling of
business data. BPML provides an abstracted execution model for collaborative
transactional business processes based on the concept of a transactional finite-state
machine. BPML considers e-Business processes as made of a common public
interface and as many private implementations as process participants. This enables
the public interface of BPML processes to be described as ebXML business processes,
independently of their private implementations. In much the same way XML
documents are usually described in a specific XML Schema layered on top of the
eXtensible Markup Language, BPML processes can be described in a specific business
process modelling language layered on top of the extensible BPML XML Schema.
BPML represents business processes as the interleaving of control flow, data flow,
and event flow, while adding orthogonal design capabilities for business rules,
security roles, and transaction contexts. Defined as a medium for the convergence of
existing applications toward process-oriented enterprise computing, BPML offers
explicit support for synchronous and asynchronous distributed transactions, and
therefore can be used as an execution model for embedding existing applications
within e- Business processes as process components.

BPML describes the structural representation of a process and the semantics of its
execution. As with BPEL, the vision of BPML is to run XML processes on an engine
element by element, according to precisely defined semantics. The code of a BPML
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process with familiar constructs such as loops, decisions, parallel paths, variables,
and structured exception handling is readily understood by a programmer.

The essential language constructs to create a BPML process are :

The basic process structure: BPML processes are enveloped in a package.
Each process has a name, a set of activities, and optionally, a compensation
handler. A process can have subprocesses, as well as a context, which in turn
can contain fault handlers, exception processes, subprocesses, and properties.
There are three ways to start a process: through an activity, a message, or a
signal.

Variables and assignments: These are called properties, which can be
declared at the scope of a package or a context.

Exception handling and compensation: BPML contemplate three error
handling approaches:

o An exception process: Iis an event handler that aborts a process or a
set of activities.

o A fault handler: Catches and attempts to fix an error that occurs in an
activity.

o A compensation process: Is like an exception process, except it is
intended to revert a completed, rather than an in-flight, process;
additionally, a compensation process is defined for a process, whereas
an exception process is defined for a given context. Compensation is
triggered by a call to the activity compensate.

Split and join: If one activity executes a set of actions in parallel and merges
its results, sometimes are called the AND split and join. If some actions are
executed in parallel; when the last of them completes the process continues
with its next step. The switch activity, sometimes called the XOR split and join,
executes exactly one action from a set. Inside the switch activity is a
sequence of case statements, each of which has a condition and associated
activity. The activity to be executed is the one defined in the first case
statement whose condition evaluates to true. If no case's condition is true, the
activity belonging to the default case is run..

Loops: In BPML three types of loops are supported, each defined as a
complex activity type: while, until, and foreach.
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o while executes a set of activities zero or more times, checking a
Boolean-valued condition at the beginning of the loop to determine
whether to continue.

o until is similar, but it checks the condition at the end of the loop.

o foreach loops through a list of items, executing a set of activities for
each item in the list.

e Participant exchange: A BPML process can exchange messages with
external participants through web services in its action and choice activities.
action can either call a web service or implement a web service that, when
called, triggers an event in the process. Whereas BPEL cleanly separates these
operations into invoke, receive, and reply. BPML overloads the action activity
to serve all three purposes. An action is specified with a name, a WSDL port
type and operation, a set of inputs and/or outputs (mapping to WSDL input
and output messages types, respectively, for the given operation), and an
optional correlation expression, which filters action events to trigger only for
given input values.

e Transactions: BPML is interoperable with open transaction standards such as
WS-Transaction. BPML defines a special fault type, bpml:rollback, that a
process can use to trigger rollback handlers

e Extensions: BPML supports adding custom attributes or elements to most of
its elements.

3.2.6.1 Conclusions

BPML emerged as one of the first specifications for modeling; the basic idea was of
creating a conceptual standard for defining processes.

BPML doesn't specify any business process semantics like Activities or Work Items
and neither the metamodel includes the concept of Role, meaning that it is not
possible to specify the role that performs a given activity. A logical business partner,
system component or user are examples of roles in the general process definition.
The role could be simulated using locator attribute defined in BPML specification's

activity types.

Currently this standard as well as the entity that developed, BPMI has disappears
absorbed by OMG in 2005. BPML disappeared, supplanted by BPEL, another standard
analyzed in a later section. For these precise reason it will not be reflected in the
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comparative table, but has been analyzed because was the precursor of all the
modeling business processes languages.
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4. Workflow and Business Process Execution Languages

Workflow and Business Process execution languages in a rough way are focused in
the process control across control flow instructions and with the execution of the
processes, in this section three of them are analyzed: XPDL, YAWL and BPEL.

4.1 XPDL 2.1

XML Process Definition Language (XPDL) [16] is the language proposed by the
Workflow Management Coalition (WfMC) to interchange business process definitions
between different workflow products. The goal of XPDL is to provide a common
language for the workflow domain allowing for the import and export process
definitions between a variety of tools ranging from workflow management systems to
modeling and simulation tools.

In April 2008, the WFfMC ratified XPDL 2.1 as the last revision of this specification.
Before that, the first specification, XPDL 1.0 was ratified by the WfMC in 2002, and in
October 2005 was ratified XPDL 2.0. Currently XPDL 2.2 specification supporting
BPMN 2.2 is almost finished and ready to delivery. XPDL 2.1 includes extension to
handle BPMN 1.1 constructs, as well as clarification of conformance criteria for
implementations. With the publication of the latest BPMN 2.0 specification a new
version of XPDL specification (version 2.2) is almost finished to be published.

The WfMC has identified five functional interfaces to a workflow service as part of its
standardization program. XPDL specification forms part of the documentation relating
to "Interface one”, supporting Process Definition Import and Export of process
definitions. In this way XPDL defines an XML schema for specifying the declarative
part of workflow / business process and to store and interchange business process
definitions addressing both the graphics and the semantics [17].

XPDL is strongly linked with BPMN Standard and provides a file format that supports
every aspect of the BPMN process definition notation including graphical descriptions
of the diagram, as well as executable properties used at run time. This allows
interchanging diagrams between different tools and reproducing the diagram with
totally fidelity.

The main elements of the language are:
e Package: Element which is the container holding the other elements.

e Application: The Application element is used to specify the applications/tools
invoked by the workflow processes defined in a package.
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Workflow-Process: The element WorkflowProcess is used to define
workflow processes or parts of workflow processes. A WorkflowProcess is
composed of elements of type Activity and Transition.

Activity: The Activity element is the basic building block of a workflow
process definition. Elements of type Activity are connected through elements
of type Transition. Basic activities have attributes which provide information
about who can perform the activity, what application or web services should
be invoked, what properties of the object being worked on are used and/or
altered in this step, and so forth.

There are three types of activities:
o Route: This type is dummy activities just used for routing purposes.

o Implementation: Activities of type Implementation are steps in the
process which are implemented by manual procedures, implemented by
one of more applications (Tool), or implemented by another workflow
process (Subflow).

o BlockActivity: Type used to execute sets of smaller activities.

There are seven standard Tasks that can be specified for a basic Activity and
are used primarily for invoking Web Services and using WSDL messaging. An
eighth task type is used for invoking Applications whose signatures have been
defined in the Business Process Model.

Applications that can be invoked by a process are defined at the Process or
Package (See figure 32 - Package metamodel) level. There are multiple types
of applications:

o Traditional applications
o Components

o Web Services

o Business Rules

o Form

o Script
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¢ Transition: Element used for connecting activities and indicating a transition
between these.

e Participant: The Participant element is used to specify the participants in the
workflow, i.e., the entities that can execute work. There are 6 types of
participants: ResourceSet, Resource, Role, OrganizationalUnit, Human and
System.

o DataField, DataType: Elements used to specify workflow relevant data.
Data is used to make decisions or to refer to data outside of the workflow,
and is passed between activities and subflows.

4.1.1 XPDL Metamodel

XPDL describes the meta-model, which is used to define the objects and attributes
contained within a process definition. The XPDL grammar is directly related to these
objects and attributes. For this approach two operations are provided by a vendor:

e Import a workflow definition from XPDL.
¢ Export a workflow definition from the vendor’s internal representation to XPDL.
XSL Stylesheets can be used by the vendor for both operations.

The Meta-Model describes the entities at the highest level in the domain of the
definition of processes, their relationships and attributes of processes (including
some which may be defined for simulation or monitoring purposes rather than for
enactment). It also defines various conventions for grouping process definitions into
related process models and the use of common definition data across a number of
different process definitions or models.

For all these aspects XPDL has two main meta-models, described in the following
subsections.

4.1.1.1 Package Metamodel

Package Metamodel identifies the entities and attributes for the exchange, or
storage, of process models. The Package Definition allows the specification of a
number of common process definition attributes, which will then apply to all
individual process definitions contained within the package. Such attributes may then
be omitted from the individual process definitions.
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4.1.1.2 Process Metamodel/
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The Process metamodel identifies the basic set of entities and attributes for the
exchange of process definitions and depicts the relationships between all the
elements in a Process. These entities contain attributes that support a common
description mechanism for processes and must be defined for process definition.
There are two ways to do so, explicitly at the level of the process definition, or by
inheritance directly or via cross reference from a surrounding package.

The XPDL Process and WorkflowProcess have directly correspondence with the BPMN

Process.
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Figure 32: XPDL 2.1 Process Metamode/

4.1.2 Tools

Multiple tools Open Source and Commercials understand XPDL. In general are tools
for modeling business processes and bring this feature. Some relevant in the market:

e TIBCO® Business Studio

TIBCO Business Studio™ Community Edition is a free, standards-based,
business process modeling environment that enables business experts to

model and simulate business processes and their supporting data and
organization models.

Source: http.://developer.tibco.com/business studio/
October 2010
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e Together XPDL Workflow Editor

Together XPDL Workflow Editor is a graphical Java Workflow Editor fully
implementing WfMC.

Source: http.://www.together.at/prod/workflow/twe

e BOC ADONIS 3.7

ADONIS is Commercial tool focused in business process modeling with support
of different modelling standards and notations such as BPMN, UML, EPC, and
LOVEM.

Source: http.//www.boc-group.com/products/adonis/

A complete list of all the tools recognized by WfMC is in:

http://www.wfmc.org/xpdl-implementations.html

4.1.3 Conclusion

XPDL 2.1 provides a standard file format for persisting BPMN diagrams and
interchanging Process definitions; It supports every aspect of the BPMN process
definition notation including graphical descriptions of the diagram, as well as
executable properties used at run time. The file format is based on the WfMC meta-
model which establishes a framework for defining, importing and exporting process
definitions for numerous products including execution engines, simulators, BPA
modeling tools, Business Activity Monitoring and reporting tools. The schema
defining the format is extensible and provides vendor and user extension capabilities
as well as a natural path for future versions of the standard. However this approach
does not result in a common language and also even the semantics of the core
constructs of XPDL remain undefined.

Basically XPDL is the Serialization Format for BPMN and currently can be considered
the best file format for exchange of BPMN diagrams.
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4.2 YAWL

Yet Another Workflow Language (YAWL) [17] despite not being supported by any
standardization committee is interesting to be taken into account. YAWL is a
workflow language based on the Workflow patterns developed and still evolving
thanks to an open source community leaded by Eindhoven University of Technology
and Queensland University of Technology and offer under the LGPL license.

The language is supported by a software system that includes an execution engine, a
graphical editor, a worklist handler and an analisys and verification tool. On the basis
of graphic files can produce .xml files with only Workflow process data for use in the
execution engine.

YAWL Process Editor

%

Workflow API calls
specification

( YAWL Runtime Environment

Workflow engine -~ ( Other services |

XML over HTTP {

Figure 33: YAWL components

As before mentioned, YAWL is based on the Workflow patterns which are divided
into different categories as control-flow patterns, resource patterns, data patterns
and exception handling patterns.

Control flow pattern, YAWL metamodel definition involves tasks, that can be
atomic, composite or multiple instance, then these patterns are used to understand
how process flows from task to task within the workflow, and the kind of rules that
can be embedded into the junctions between a task and the link that flows out of it,
basically two main conditions elements, SPLIT and JOIN
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Split, could be described as condition on the exit for a task, where more than one
road emerge from the task. There are three kinds of splits: AND-split, OR-split,
and XOR-split.

@)

AND-split: The AND-Split is used to start a number of task instances
simultaneously. It can be viewed as a specialization of the OR-Split, where
work will be triggered to start on all outgoing flows.

OR-split: The OR-Split is used to trigger some, but not necessarily all
outgoing flows to other tasks. It is best used when we won't know until run-
time exactly what concurrent resultant work can lead from the completion of a
task.

XOR-split: The XOR-Split is used to trigger only one outgoing flow. It is best
used for automatically choosing between a number of possible exclusive
alternatives once a task completes.

Join, is a condition for the entrance to a task, where more than one link merges in
to the same task. Also four kind types: Simple-Join, AND-join, OR-join, and XOR-
join.

O

AND-join: A task with an AND-Join will wait to receive completed work from all
of its incoming flows before beginning. It is typically used to synchronise pre-
requisite activities that must be completed before some new piece of work
may begin.

OR-join: The OR-Join ensures that a task waits until all incoming flows have
either finished, or will never finish. OR-Joins are "smart": they will only wait for
something if it is necessary to wait. However, understanding models with OR-
joins can be tricky and therefore OR-joins should be used sparingly.

XOR-join: Once any work has completed on an incoming flow, a task with an
XOR-Join will be capable of beginning work. It is typically used to allow new
work to start so long as one of several different pieces of earlier work have
been completed.

There are other operators as Composition, Multiple Instance, Cancellation, etc. to
cover all the identified workflow patterns with features as Synchronizations, Choices,
Multiple instances, Exception handling.

Resource patterns deal with the entities capable of doing work. It is the most
powerful process specification language for capturing resourcing requirements.

Data Data-flow patterns are focusing on the definition and ways to handle data, The
data can be updated between different activities and it is necessary to handle in
correct way and have the control on this. YAWL uses XML Schema, XPath and
XQuery to do that. Provides a set of primitive data types and the ability to define user
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defined data types (XML Schema) and also supports variables, input/output
parameters, and run-time variable transformations (XPath and XQuery).

About Exception handling patterns deal with the various exception cases and their
handling.

4.2.1 Conclusions

While not being standardized, YAWL looks like the most complete workflow language
to be accepted by the industry and by research environments. Currently cover more
than 200 workflow patterns and offer an integrated framework to contemplate all the
phases related to a workflow in business process, design graphically the workflow of
the business process, generate the output xml file to import inside the execution
engine and finally the execution and verification of these.

4.3 BPEL 2.0

The Business Process Execution Language (BPEL) [18,19] also know WS-BPEL, is an
XML-based language for describing business processes and is based on web services
orchestration allowing the composition of the web services with a process oriented
approach to Service oriented architecture (SOA) which practically implies that role of
BPEL is primarily for execution of web services in right order such that the
technology implementation of the business processes is flexible and in alignment
with the business goals. The last Specification is BPEL 2.0 released in April 2007.

The design of the BPEL is based on concepts derived from web services languages
WSFL (Web Services Flow Language) that uses a directed graph approach developed
by IBM and XLANG developed by Microsoft. Since BPEL is based upon Web services
and hence supports the web services technology standards such as WSDL, SOAP,
and UDDI.

The key objective of BPEL is to standardize the format of business process flow
definition so companies can work together seamlessly using Web services, for that
BPEL offers a great vocabulary for describing business processes.

As WS-BPEL business processes are expressed in XML, they are human-readable and
can be used by any XML processing facilities, enabling them to be produced and
consumed within the XML stack. At the same time uses and extends WSDL to both
provide and consume Web services in an abstract way, using WSDL to define service
interfaces.

BPEL describes a variety of XML elements to define business processes, such as:
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e Partners: The actors in a business transaction
e Containers: The messages that need to be transmitted
e Operations: The type of Web services that are required

e Port types: The kinds of Web services connections that are required for
operations

And supports two different types of business processes:

e Executable processes: Models the actual behavior of a participant role in a
business interaction. An executable process follows the orchestration paradigm
and can be executed by an orchestration engine.

e Abstract processes: they utilize process descriptions that specify the mutually
visible message exchange behavior of each of the parties involved in the protocol,
without revealing their internal behavior.

WS-BPEL provides the orchestration service layer for Service Oriented Architecture
(SOA) and for that purpose BPEL connects with web services to define the semantics
of e-business processes, interfaces, and workflows. Also enables best practices,
patterns and training to be leveraged from a variety of vendors.

BPEL allow the design of the Application and business services process-agnostic and
reusable. The business process assumes the management and coordination of state,
freeing constituent services from a number of design constraints. Additionally, the
business process logic is centralized in one location, as opposed to being distributed
across and embedded within multiple services.

In WS-BPEL a business processes interact with services through Web services
invocations, and are themselves externalized as Web services. This recursive
composition enables a BPEL process to leverage the interoperability provided by the
lower levels of the Web Services stack, such as WSDL, SOAP, and WS-Addressing.
Another feature is that Uses XML Schemas type definitions for the data model.

Many deployments will have multiple orchestration platforms due to embedding in
tools and applications, organizational purchases, etc. WS-BPEL provides a common
standard which provides for interoperability between the different platforms and the
processes that execute on them.

BPEL Arquitecture

The three core components of BPEL are the:
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BPEL Designer: Also known as the Graphical User Interface is used to define
a business process that would be independent of the underlying applications.
It is graphical and intuitive for the Business experts to define the process
without being overly technical in depth. The output is a BPEL process flow
logic template. All Web services needed for the specific business process
would be included in the flow that uses the designer.

Process flow template: The process flow format should be compliant to
the BPEL specification. It captures the business process flow logic. which has
been generated from the BPEL designer at design time and executed by the
BPEL Engine at runtime.

BPEL Engine: Basically is the runtime environment that executes any
process flow template compatible to the BPEL standard. Functionality includes
invocation of the Web services, mapping of the data content, error handling,
transactionality, security, and so forth. Typically, the BPEL Engine would be
integrated within the Application Server.

4.3.1 Tools

Different tools, both Open Source and Commercials has support to BPEL, in most
cases for the design and for execution of business processes:

ActiveBPEL Designer and ActiveBPEL engine

ActiveBPEL Designer are a free, Eclipse-based BPEL authoring environment
with rich functionality for BPEL process design, debugging, and simulation.
Includes a built-in BPEL engine for desktop testing and deployments.
ActiveBPLE engine is a runtime environment capable to execute process
definitions created to the BPEL specifications.

Source: http.//www.activebpel.org
Sparx Systems upgrades Enterprise Architect 7.5

Commercial tool focused in UML modeling, but currently with support to the
development of BPEL models by referencing imported WSDLs and XML
Schema.

Source: http://www.sparxsystems.com.au/broducts/ea/index.htm/

WebSphere Studio Application Developer Integration Edition v5.1
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It is a commercial tool at the top of the range application development
environment that is needed to develop all the functionality covered by BPEL. It
is built using Eclipse and has a consistent and powerful set of visual editors to
define the process flow, message transformation and business rules.

Source: http.//www-01.ibm.com/software/integration/wsadie/

4.3.2 Conclusions

Currently BPEL is the industry standard language for expressing business processes
and is supported practically in all the BPM Systems products available in the market;
the reason underneath is that WS-BPEL provides the standards-based platforms
which reduce proprietary solutions and facilitate migration from one vendor platform
to another. WS-BPEL processes will run on any WS-BPEL-compliant engine.

BPEL focuses exclusively on the executable aspects of the process, and does not
contain elements to represent the graphical aspects of a process diagram, or human
oriented processes.
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5. Comparison and assessment of process modelling
languages

Once presented different notations and languages for modeling and for business
process definition, this section covers a comparison among them, taking into account
a series of notation features that should belong to the field of software engineering
to be able to be applied to the certification metamodel.

5.1 Comparison

In this section we perform the comparison of the selected modeling languages
according to the criteria set out bellow. Regarding the different notations and
languages, the comparison is sometimes hard because accurate description is often
missing, not in all Process Models Notation or BPML’s the metamodel is available and
sometimes elements have ambiguous meanings. Nevertheless in accordance with the
existing literature and the theory about business process modeling languages, we
have identified a set of criteria relevant for the motivation of this analisys
(Certification metamodel):

1. Expressiveness: Also know as Semantic Richness, reflects the expressive
power of a process modeling language that is governed by its ability to
express specific process requirements reflecting the purpose of process
modeling and execution. A process model is required to be complete, which
should contain structure, data, execution, temporal, and transactional
information of the business process, for it is essential to give these support
different notations for workflow patterns, the ability to represent roles and
allocating these to different tasks.

2. Graphical Representation: This is closely related to the understandability
of process models which is dependent on the possible users of a process
model. Capability to represent and manage expressiveness features by means
of graphical elements. Then multiple conceptual perspectives/views should be
offered to be understood by different people who are not specialists in
modeling.

3. Abstraction and Modularization : The modularity of modeling languages
can be measured by considering the support for abstract processes and sub-
processes. Abstraction prevents from revealing the underlying layers of a
process, hence improving the understandability of process models for non-
developer actors. Modular design reduces the complexity and it also increases
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the ability to hide unnecessary information for different model users and
various model uses.

4. Variability and Reusability: The ability to use previously modeled
processes increases the speed and accuracy of modeling. It also reduces the
time required for understanding the models. Also capabilities to specify
repositories of processes that allow to manage the processes with features as
monitoring, control and planning of these processes

5. Executability: A process modeling language may support to define
operational models. Operational models are executable and easily enactable,
this feature is referred to Enactment Support offered by the standard.

6. Complexity Management: The measures of the difficulty to model, analyze,
and deploy a process model , as well as the support for the dynamic and
changing business process.

7. Quality: Ability to specify the quality characteristics of business processes.
8. Artifact description: Ability to describe artifacts and their features.

9. Adaptability: Is the ability of the workflow processes to react to exceptional
circumstances, which may or may not be foreseen, and generally would affect
one or a few process instances, here the Exceptions are indispensable parts of
business process-modeling. Exception handling features increase modeling
difficulty but also increase the adaptability of models to exceptional
circumstances. Improved adaptability helps model users to predict all model
behavior in the time that exceptions occur.

10.Availability and tool support: A process modeling language should be
available for the whole community as free as possible. This feature can
include the process modeling language specifications documentation, and also
specific computer tools to work with.

The following table contains a formal evaluation for the analyzed standards, in the
columns, the standards are indicated and in the rows all the criteria defined before.
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* + + + + * + + + +
Graphical Representation + + - + + + + + + +
s, N
Variability and Reusability + + - + - - - - - -
Executability + + + + + + + + + +
Complexity Management * + + + + + + + + +
Quality - + - - - + - - - -
Artifact description + + - + + + + - + -
Adaptability - - + + + + + + + +
Availability and tool support + - - + + + + + + +

[+] - Supported [-] - Not Supported [*] - Supported by complementary notations|
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Currently there is a tendency to express the processes in two ways, first with a
graphical notation that supports the most workflow patterns and secondly using a
language expressed in XML that represents the described graphically and allow to
exchange process definitions between different tools.

After analyzing the different standards and taken into account the individual
conclusions, BPMN, XPDL y BPEL, each of them with its own aims and objectives
could be the best option currently present in the market for modeling business
processes.

BPMN 2.0 as graphical notation to describe the business process and workflow in
order to be understandable by all users participants in the process, XPDL 2.1 as a
format for storing and exchanging definitions of processes enabling a process in
BPMN modeling tool for another tool to read and BPEL as an execution language
specifying the web services technology as expressed in either of the above notations.
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6. Conclusion

This deliverable analyses the most relevant process modeling notations and
metamodels. The goal is to define a cohesive link between the eDIANA certification
tool prototype and the specification of development processes in different languages.
This link will be translated in extensions to the prototype as entry points that will
connect the standard requirements with the process status, and the evidences
required by standards.

The eDIANA Certification prototype is supported by a common metamodel to
describe multiple standards and eDIANA-specific requirements and their evidences.
The process models help to get a more cohesive certification approach by allowing
developers to update development process status and artifacts with the certification
requirements, and by providing a dynamic and reliable monitoring of the project
against the selected standard. This will reduce certification efforts and costs.

Once analyzed the process modeling notations and standards, the most natural
approach is to define a relationship between the Certification Requirements (central
concept in the eDIANA Certification metamodel) and process elements such as tasks,
activities, and input/output artifacts. The connection could be through a process
management tool (for example Eclipse EMF or ESI's Process Factory) that would
allow the definition of the business process model and its monitoring. Once a
relevant activity for certification is executed, an event would be triggered from the
process management tool in order to activate the evidence of the related
Certification Requirement in the eDIANA certification tool.

The next Figure describes the possible links between the eDIANA certification tool
and process management tools. With this approach, we intend to:

e Simplify certification assessment by tracking evidences from early phases. The
link of Module A (see D6.3-B for full details) with a process management tool
allows for identifying process activities and tasks with certification requirements.

e Automatically update the status of project process regarding certification
requirements. The link of Module B with a process management tool allows for
dynamically update process status with certification compliance actions.
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Figure 34: eDIANA Certification prototype (modules A, B and C) linked to a Process
Management tool

The connection between module A and the process management tool might be done
as follows. Certification requirements and the activities of the process model can be
instantiated through the “Qualification Requirements” concept in the metamodel.
Qualification Requirements can be standard requirements, a guideline, internal best
practices, etc. On the other hand, a process management tool maintains an enacted
description of a development project. By linking activities and tasks of this enacted
process description with Qualification Requirements, we are providing a partial
evidence of requirements accomplishment.

The connection between module B and the process management tool might be done
as follows. As Project Requirements (managed by module B) are associated to
Qualification Requirement, it would be easy associate evidences upadated in the
process execution to the Project Requirement, allowing in this way a kind of
automation between the processes and the evidences that will be use in the
assessment. If the connection is made through the Project Requirements, the
process could be ad-hoc to the company internal practices or rules, and the standard
could be left more generic.
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