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Abstract - This work describes the use of simulation modeling
methodology to create transdisciplinary reference process
models, which can then be transformed into specialised models,
making use of the methodologies originated from traditional
autonomous disciplines that deal with complex discrete event
process problems, namely: Systems (Concurrent) Engineering,
Project Management, Business Process Management and
Simulation Modeling. In particular, the transformation of the
enterprise’s systems (concurrent) engineering process lifecycle
(an aggregate of product engineering and organization’s
management processes) into specialised models and their
implementation, making use of the appropriate inherent
methodology and tools originated from these traditional
autonomous study areas, result in integrated applications that
can be used as tools to support basic Product Lifecycle
Management. These tools can be used to support the execution
of essential procedures in the Small and Medium Enterprise’s
systems (concurrent) engineering process, as an alternative to
complete and/or tailored Product Lifecycle Management and
Business Process Management support systems, which are
usually costly, complex, difficult to customize and to integrate
with other legacy software applications, and therefore not
suitable for use by Small and Medium Enterprises.

Keywords - Systems Engineering; Project Management;
Business Process Management; Simulation  Modeling;
Transdisciplinary Process Science and Technology

I.  INTRODUCTION

Transdisciplinary Process Science and Technology (T-
ProST) is a term used in this work to designate a holistic view,
which consists of the integration of various disciplines that
deal with complex discrete event process models: Systems
(Concurrent)  Engineering  (SE)  [3][9][13], Project
Management (PM) [18], Business Process Management
(BPM) [10][14] and Simulation Modeling (SIM) [15]. T-
ProST strives towards improving the modeling and seeking
better and integrated engineering and management solutions
for complex discrete event problems.
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The general goal of the research endeavors on T-ProST
has a wide scope and very ambitious nature: to develop a
mature and comprehensive transdisciplinary process
modeling methodology (T-ProST Framework) and to design
and implement its integrated supporting environment for
application to a large category of complex discrete event
process problems. The problem domain covered by T-ProST
is essentially the same one covered by discrete event process
modeling and simulation procedures based on modeling
representations, such as Activity Cycle Diagrams (ACD) [15],
Role Activity Diagrams (RAD) [11] and Workflow Diagrams
(Workflows) [19].

The main difference and original contribution between the
use of the T-ProST Framework and that of the traditional use
of its component disciplines is the creation of a
transdisciplinary process model and its use as a common basis
for the development of their individual specialised process
models. This is done by conducting a systematic modeling
procedure designated as Conceptual or Reference Modeling
and making use of a graphical notation denominated Unified
Lifecycle Modeling Diagrams (ULMD), an innovative
diagramming technique originated from a fusion of the
aforementioned graphical representations [7][8][12].

This work presents the T-ProST approach as a totally
integrated application of their component individual
autonomous disciplines and their supporting tools to the
design phase of the SE lifecycle. The case study performed
and explained here is original and it targets the application of
the T-ProST Framework to the Small and Medium
Enterprise’s (SME) SE lifecycle and SME’s BPM lifecycle.
These denominations refer to the complete systems
engineering lifecycle and the SME’s business process
management lifecycle, respectively, which include, but is not
limited to, its product engineering and production
management processes.

The limitation of the scope to the design phase of the SE
lifecycle in order to explain the T-ProST approach was made
for demonstration purpose only. In fact, it can be applied to
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any category of complex discrete event process that can be
dealt with the ULMD notation and it is intended to be scalable
and capable of being used in a wider context, covering the
whole organization’s business process management, be it a
SME or normal enterprise.

The reason why one targets SME rather than a broader
spectrum is that this segment could benefit the most from the
methodology and tools proposed in the T-ProST approach.
These enterprises can make use of the software environment
created with the T-ProST Framework as an alternative to
complete and/or tailored Product Lifecycle Model (PLM) and
BPM support systems, which are costly, complex, difficult to
customize and to integrate with other legacy software
applications, and therefore not suitable for use by SME to
support their SE lifecycle.

The rest of this work is structured according to the
following. Section Il defines some fundamentals concepts of
the methodology. Section I11 describes the T-ProST approach.
Section 1V identifies the problem and sets the overall scope of
the research. Section V presents the conceptual modeling
phase and the resulting reference model. Section VI describes
the specialised model building and analysis phases, for each
of the four disciplines comprised by T-ProST (SE, PM, BPM
and SIM). Section VII performs a global assessment on the
integrated results obtained from the application of the
individual disciplines and their supporting tools. Some issues
considered are T-ProST’s domain of applicability and the
benefits and limitations of the methodology. Finally, in
Section VIII, the Holistic Revision and Conclusions presents
a summary of the experience gained (the “lessons learned”)
with the development of the T-ProST approach and the
application of the T-ProST Framework in some case studies
already conducted with the methodology.

Il.  FUNDAMENTALS OF THE METHODOLOGY

The most fundamental and distinctive concepts in T-
ProST are those of the transdisciplinary reference process
model and its specific notation, denominated Unified
Lifecycle Modeling Diagrams (ULMD), as created by the first
author [7][8][12]. The reference process model in ULMD
describes the system’s lifecycle process in its essential
structural and dynamical features, with the special purpose of
serving as a common basis for the development of the
additional specialised unidisciplinary models to be
implemented in each of the autonomous component
disciplines of T-ProST.

The actual ULMD designation and its notation format is
an evolution of former versions of the diagrams named
Unified Simulation Modeling Diagrams (USMD) or Unified
Conceptual Modeling Diagrams (UCMD). USMD/UCMD on
their turn were originally created from a mix of both ACDs
[15] and RAD networks [11] and they can be used for
modeling complex discrete event process problems from the
domain classes of any of the study areas mentioned before [7].

Table | shows the ULMD symbols used in this work and
their respective meaning, both in its former USMD/UCMD
version and in its actual format. The actual format of the
modeling notation resembles very much that of the basic set
of Business Process Modeling Notation (BPMN) [16] icons
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with a few extensions and one could question the need for “yet
another type of process modeling notation or graphical
diagrams”. In fact, BPMN is widely used and supported by
large communities, becoming the “de facto” notation for
creating models to be converted into specific proprietary
notations and implemented in a variety of proprietary tools
offered by different systems” manufacturers. The use of the
ULMD notation, however, is just a first step (the conceptual
modeling phase) of a gradual modeling process and one can
state that some semantic characteristics of ULMD are non-
existent in any of the traditional graphical or textual process
model representations, such as ACD, RAD, Workflows or
even BPMN. These characteristics turn out to be essential for
the type of logic and knowledge represented in the reference
model.

TABLE I. ULMD: THE CONCEPTUAL MODELING NOTATION

Designation Description

USMD / UCMD ULMD

Starting point of the entity’s lifecycle process

Finishing point of the entity’s lifecycle process

Simple process/activity

e

Macroprocess

N/A Queue of entities/resources waiting to enter an activity

”
t } N/A Queue of artifacts/messages waiting to enter an activity

Link showing the control flow path carrying any type and number of
entities and resources being transferred

%

----- E) --1:-:]-:-5 Link showing the control flow path carrying a specific artifact,

message or trigerring mechanism that needs to be distinguished

Links used for process synchronazition

The crossing over the borders of the flow of control path carrying any
type or number of entities and resources. The borders separate
swimming lines or frames and the symbols depict respectively the
send and receive mechanisms

NiA

N/A (’q\\"-‘\ The crossing over the borders of the flow of control path carrying a
\, s specific artifact or message being transferred, which needs to be
distinguished. The borders separate swimming lines or frames and thg

symbols depict respectively the send and receive mechanisms

I U ™
N/A ,\e)‘ .)

Repositories of entities or resources

Conector used to direct the flow of control among processes to
express routing at junctions (or exclusive, split and join)

©
- o
NiA D
NIA

The ULMD distinctive features start with its high level of
abstraction and minimalism, comprising only a dozen of
different symbols for expressing the complete structural and
dynamics of the agents” lifecycles as concurrent processes.
The diagram logic expresses all-in-one: the hierarchical
process decomposition, the variety of agents and messages
and their process control flows, the agents lifecycles or roles
and the interactions among them. The diagrams are created in
the form of encapsulated modules, which can be displaced in

Pads indicating the splitting or joining of paths associated with any
type or number of entities, resources, artifacts or messages

Crossovers of entities or resources between two processes
displayed in separate swimming lanes or frames
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frames or swimming lanes and pools, describing from a very
simple process (task) to a very complex one (macroprocess).
Underlying all these characteristics, some of which could
still be stated in regard to BPMN, there is an unequalled
feature that differentiates ULMD from all other types of
existing process modeling diagrams. They are not about pure
logical operations and control flows (flowcharts), they are
essentially about real time consuming transformation
activities performed by real entities and messages (artifacts)
exchanged between them. The links correspond to real entities
flowing along their lifecycle (solid lines) or artifacts (dotted
lines) exchanged between the activities, both used as inputs to
other activities. Each class of entity has its specific process
lifecycle, and they interact to perform their time consuming
common activities, which get into a halt until all required
inputs (entities and/or artifacts) are available and the
additional internal initial conditions for their execution are
satisfied. One special type of condition is external and it is
depicted graphically, named triggering mechanism. The
control flows are always associated with some type of entity,
resource, artifact or triggering mechanism, and they reactivate
the processes in a hold at a particular point in time and
location, making it progress through its complete lifecycle.

Ill. THE T-PROST APPROACH

A T-ProST study is performed making use of a framework
(T-ProST Framework), consisting of three elements, which
constitute the pillars of the methodology: Knowledge
Structure, made by the transdisciplinary hierarchical process
model created (conceptual or reference  model);
Implementation Method, for their evolution along their
respective lifecycles; and Supporting Tools, used to
implement their integrated applications [7].
The Knowledge Structure consists of the hierarchical
decomposition of the System’s Lifecycle (SL) process model
in layers and is represented by the unified reference model.
Each phase or macroprocess of T-ProST can be further
decomposed into their component activities and single tasks,
evidencing the gradual transformation of the System’s
Lifecycle and, in particular, the simultaneous use of the
diverse disciplines to build the multifaceted model on which
the complete T-ProST study is carried out.
Table 1l presents the T-ProST approach described as
macroprocesses and their respective component activities.
The first column shows the Implementation Method or
Unified Lifecycle Modeling procedure used to create the
specialised models and evolve them along their lifecycles.
The macroprocesses or phases in Table |1 are designated:
e Phase Zero (Mission Definition/ Strategic Planning);
e Conceptual Modeling Phase (Analysis, comprising
Elicitation/ IDEFO Model/ Reference Model);

e Model Development Phase (Specialised Model
Building/ Specialised Model Implementation);

e Model Execution Phase (Design of Experiments/
Experimentation);
Finishing Phase (Specialised Assessment)
Global Assessment (Integrated Joint Assessment);

e Holistic Revision
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The Phase Zero consists in the system or problem
definition and the identification of the study’s objectives,
which is performed in one activity divided into two tasks,
denominated Mission Definition and Strategic Planning, for
generality purposes.

The second phase is the Conceptual Modeling Phase, to
build the hierarchical process model in ULMD format,
describing the operational processes, corresponding to the real
transformations occurring in the system. This makes it easier
for the different kinds of users and modelers to understand the
system’s behavior, and later on to translate this model logic
into their specific type of notations, in order to accomplish the
specialised model building and construction phases.

TABLE Il T-PROST’S METHODOLOGY AND ITs UsE IN SE
TRANSDISCIPLINARY PROCESS SCIENCE
bn Im,u,l .?EW“‘\ Phases Activities lasks
Madelling
@
- ‘j/ Jero AQ Misston Definition and
[ o Slrategic Planning
Zero J
] !
-
= SO . Elicitation, IDEFT
| Conceptual (’I‘(‘_“H"]("[IJ"“" A weiws Wodel, Reference
Modeling voaeling (A} Mode
I
J
* Specialised Model Bullding PSS,
h B1,B2 B3, B4
ol Model (B e
Development D[,VN(')"N'T,[‘M Specialised Model Construction/
T o - Implementation e
. C1,C2,C3,C4
J (C) T
00 N’Iu‘dc\ Desian of Experiments
TT7 E " Iodel (D) D1, D2, D3, D4
xecution
- /| Execution Experimentation
E1,E2 E3 4
; ¥
Finishing I Finishing
") | Finishing (F) F1,F2 F3,F4
D)
1 -
Global J Glot G I A t
sloba seneral Assessmen
A t seneral Assessme
ssessment || cement @) General Assessment
X
@)
:
Holistic
Revision
; Holistic Halistic Revision e el
O Revision (H) Halistic Revision

The remaining phases are those shown in Table Il with
their respective denomination and more detailed definition
given by the decomposition of its respective macroprocess
into its components, consisting of composed or single
activities, the last ones named tasks. The four types of Tasks
B, C, D, E and F are those related with the four component
disciplines of T-ProST (SE, PM, BPM and SIM). They are
treated separately during the phases of Model Development,
Execution and Finishing (specialised modeling, execution and
evaluation), and their results are integrated in the Global
Assessment Phase, to yield a thorough assessment of the
multifaceted model created making use of the
transdisciplinary reference model.
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The Implementation Method or Unified Modeling of the
System’s Lifecycle Process is created by the aggregation of
the diferent worldviews used by the individual disciplines that
are part of T-ProST. These disciplines are jointly applied
making use of a reference model as a common basis for the
uniformization of the system’s description, representative of
its essential structural and dynamical features. The
implementation method comprehends the transformation of
the reference model into the specialised models, their
implementation, execution, analysis and assessement, initially
as units, and later on as aggregate, yielding a complete
multidimensional analysis of the system, based on a holistic
view that encompasses all individual disciplines applied.

The models are created gradually in the form of layers, the
most internal one depicting the transformations associated
with the systems engineering process (SE model), followed by
the PM model that encompasses and extends these operational
processes with those necessary for project management.

The BPM model is built on the top of the PM model and
extends it with additional processes, whenever necessary, as
for example with the management processes related with the
coordination of a portfolio of projects. This gradual modeling
and implementation procedure is performed until the
outermost layer is built, consisting of all processes associated
with the core product development processes, the project
management processes and the complementary business
management processes by the organization, encompassing its
complete product lifecycle. Any of the intermediary single
layers can be treated separately and used for analysis
purposes, in the traditional way their studies are performed.
Simulation as a tool can also be used in association with any
of the individual layers across the whole modeling procedure.
The denomination of SIM model, however, is reserved for the
outermost layer describing the complete SL, which comprises
the BPM model, with its internal PM and SE layers, and any
the additional features necessary to conduct a complete
simulation study of the System of Interest (Sol), be it the
Product Lifecycle (PL) or the Enterprise Lifecycle (EL),
according to the objectives of the study.

IV. PROBLEM DEFINITION

To conduct the actual case study on the application of the
T-ProST approach in the SE"s design phase process in this
work, one decided to use a modified version of the System
Engineering Body of Knowledge (SEBoK) [3] reference
model of the domain of interest, that is, the design phase of
the SE Project. Before going into details about the Product
Lifecycle Modeling (PLM) model, though, it is useful to
establish the broad scope of the BPM model making use of the
APQC’s Process Classification Framework (PCF) [1] to
illustrate the complete organization EL reference model.

Figure 1 illustrates the scopes in which the concepts
System Lifecycle (Enterprise Lifecycle or Product Lifecycle)
and their respective Reference Models are used in this work.
The EL reference model is based on a top-down view of the
organization, describing it according to a holistic process
view, encompassing all EL phases, from strategic vision
through product development, deployment, operation and the
client management, until final product disposal. In this
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context, PL and PLM are considered a part of the EL and
BPM, as indicated by part 2.0 of APQC’s PCF [1], which
shows the macro Develop and Manage Products and Services,
comprising the product’s engineering and management
processes.

Part 2.0 of APQC’s PCF [1] presents no detailed
description about how these generic processes should look
like, apparently because they are left to be defined by each
specialised type of industry.

Development Phase

Design Phase Operation Phase

-

y N
4 X
£

APQC’s PCF

[ APQC’s PCF (Part 2.0 - Develop and Manage Products & Services)

P d Model SEBoK Processes (Part 3 -
Systems Engineering and Management)
- SYSTEM’S LIFECYCLE -

Figure 1. Scopes of APQC’s PCF and SEBoK SE’s design phase
reference models

In the case study presented here this part of the modeling
was based on the reference model presented and described in
detail in part 3 of the SEBoK [3] and illustrated in Figure 2.

Concepts Definition
Mission results
Analysis
¥
| Stakeholder’s
results
Needs and
| Requirements

feedback d

S

iteration

Systems Definition

Systems

L
| results
Requirements
L
L . B \
Logical results
Archicteture

— § Ll
iteration Physical
iteration v
Systems /
Analysis /!

=

iteration

results
feedback

feedback
feedback

Applied to

System of
Interest

Figure 2. SEBoK [5] SE’s design phase process modified by
authorsConceptual Modeling

Any enterprise that has SE as the main driver of its
production processes may well make use of the PL and PLM
concepts definitions in SEBoK [3] to describe their product’s
design phase according the reference model mentioned above.

The T-PROST approach is demonstrated in the following
in a stepwise way, by applying it to the problem described
above, according to implementation method shown in column
one of Table II.
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V. CONCEPTUAL MODELING

The Conceptual Modeling Phase is carried out through an
activity denominated Analysis, which consists of three tasks,
the first and second ones concerned with the description of the
process hierarchical structure (descriptive model), and the
third one concerned with its dynamical description (process
model).

The descriptive model makes use of techniques typical of
the SE worldview: the Elicitation of Information on the
process; and the creation of the Integrated DEFinition for
function modeling diagrams (IDEFO) [6] to create the IDEFO
model, for process decomposition and documentation. The
descriptive model consists in the detailed hierarchical
description of the PL in the IDEFO format. The IDEFO model
comprises all available information on the processes (inputs,
outputs, control and resources), except for the workflow of
process execution. Figure 3 shows the internal decomposition
of the macroprocesses Concepts Definition and Systems
Definition in the IDEFO notation.

The third task of the Conceptual Modeling Phase is typical
of the SIM worldview: the Creation of the Reference Model,
a process model based on the descriptive model and the
addition of the sequence of execution or workflow of

processes. The workflow for process execution is added at this
stage of the unified model development lifecycle, making use
of the ULMD notation. Despite resorting to mechanisms
typical of the SE and SIM worldviews for its elaboration, the
reference model created describes the process logic in a very
abstract way, which is independent of the specific
representations existing in the individual disciplines that are
part of T-ProST.

The ULMD reference model of the systems engineering
design phase is shown in Figure 4. Two types of loops are used
to describe the iterations, which need to be executed in case it
is necessary to perform revisions of the work previously
accomplished, denominated FB1 and FB2, according to the
following definitions:

e FB1 - Iteration: loop for minor revision, between two
consecutive processes, belonging to the same
macroprocess or phase of a Project.

e FB2 - Feedback: loop between two non consecutive
processes, which might belong to a single
macroprocess or different ones, for reworking an
outcome that should have already been produced in
previous stages of the entitie’s lifecycle, but which
needs to be redefined or to suffer a major revision.

Requirements

Project Plan
TN - FB2
Docs and Rules - l — \ \
. o Stakeholders
\ R i
S Mission equirements
Mission Data - . 1
Analysis
Stakeholders - 1 [Bifiahon o
Needs A1 2
lannin
i A2 ‘-1‘
x A3 Stakeholder's
Needs and
Requirements
SE Team ‘ FB2 Req M
Computing | “.—.—A4
Environment B 4 -
Project Plan _
Docs and Rules )
1 FB2
— FBA1
Systems [
. Requirements t ] FB2
5 Logical
Stakeholders A5

FB1
— Architecture ’: F"hy;ic;l Fa1
‘DES‘:IQ" 6 Architecture
A6 Design 7 1
A7

=

Systems
Requirements
Logical " Systems
Arcf_ﬁleclule Physical A¥|a| sis e
| Attributes Architecture y 8
SE Team Attributes B I
. I A8
Computing / System_
Environment Evaluation
Engineering Model/IDEFO0 - Design Phase of System’s Lifecycle I No 01 I

Figure 3. SE’s design phase — concepts definition and systems definition — in IDEFO
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Figure 4. SE design phase — concepts

The macroprocesses Concept Definition and System
Definition might undergo successive iterations, during the
execution of the systems engineering lifecycle design phase,
and the processes might be executed by just one class type of
entity or by different types, each class type responsible for a
specific process, for example, mission analysts and system
modelers. The agents responsible for the execution will act
sequentially or in parallel, according to the execution flow
previously defined or that established at runtime by means of
the scripts used in the activities for routing the control flow
during model execution. This is assured by drawing the
diagrams as sequential processes only if this is mandatory,
otherwise they are displayed as parallel and their execution
might occur simultaneously, if there are enough resources
available, or they might be executed sequentially, if the
conditions and internal limitations make it necessary. A loop
encompassing the processes whose sequential or parallel
execution is not determined beforehand enforces that all of
them are correctly performed before the control flow is passed
ahead to the next process in the entity’s lifecycle.

VI.

The Model Development phase is performed according to
each of specialised modeling and analysis techniques
originated from the autonomous disciplines component of T-
ProST.

The transformation of the Reference Model into the
specialised models with their supporting applications can be
used as a basic PLM environment, if the software tools used
possess all the management features required for
documenting, monitoring and controlling product’s
configuration and its evolution along the entire product’s

SPECIALISED MODEL BUILDING AND ANALYSIS
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@ Engineers

System of
Interest

definition and system definition — in ULMD

development lifecycle, from conception to disposal. The first
steps performed by the SE Modeling tasks B1 and C1 in Table
Il are just the start for the creation of a more complete and
integrated environment. This complete environment will be
formed by the addition of the tools created through tasks B2
and C2 in the PM Modeling activity, those created through
tasks B3 and C3 in the BPM Modeling activity, as well as
those created through the tasks B4 and C4, in the Simulation
Modeling activity. All these tools have a complementary
nature, resulting from the fact that they all make use of the
same reference model and adopt a systematic approach for
their implementation, as described below, in the following
steps of the application of the T-ProST Framework.

A. SE Modeling

The Systems Engineering Modeling consists in the
transformation of the Reference Model into the specialised SE
model. This corresponds to thoroughly documenting the
model, starting with the known knowledge content about the
Reference Model, that is, a merge of the information shown in
Figure 3 and Figure 4. The SE modeling might be supported
by databases applications and also by some kind of
configuration and control management system, ideally one
that can display, both graphically and as linked data, the
complete information on the model, including the process
model hierarchical decomposition and execution sequence,
for monitoring purposes.

The documentation of the case study presented in this
work required keeping track of all data related to the product
design phases (Concepts Definition and Systems Definition),
as well as the addition of more model documentation, such as
the descriptions of the artifacts created by the SE processes.
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B. PM Modeling

The objective of the PM study area is to plan and
coordinate the activities necessary to provide a satisfactory
product, service or enterprise’s endeavour, within the
boundaries set by the chronogram, the budget, resources,
infrastructure and human resources and technology available.

The traditional way to describe a project is by representing
it as a sequenced network of activities, by means of diagrams

known as Program Evaluation and Review Technique (PERT)
[18], a renowned and well documented technique, used for
management of engineering projects, be it of a service or
industrial nature, aiming at their planning and execution
control. This would result at a macroprocess level in the
diagram depicted in Figure 5.

Perform
appropriate
modelling Define
Zi‘t/éerwrg]: Identify Examine and ' techniques Evaluate the f Pdrowdke deployment,
mlssm?\ and opportunities evaluate the ET LT set of efe b.abcl ton support and
operation related to solution space days days , alternatives easibity , retirement
concepts strategy ET LT ET T concepts
T T ET LT ET LT Def;ne | days days EayE R ET LT
days days days days operationa days days
days days Y Y Y Y concept Re-evaluation Y ¥
ET LT solutions
days days ET T
days days
Transform the
Elicit the Pk 8 Synthesize
|dentify stakeholders Prioritize the prioritized Validate the content ] vacord and
stakeholders Hosds stakeholders stakeholders and the relevance of Identify araas
across the o ectatlé)ns needs needs into each stakeholder potential risks stakehol%ers
lifecycle 1 p " stakeholders requirement b " :
and objectives ET LT i requirements
ET LT ET LT . requirements ET LT ET LT ET T
days days days days ET LT days  days days days
days days bays| days days days
\ \
Refine the Operations Revalidate the
Concepts and other content of
lifecycle concepts each
requirement
El LT ET LT,
days days days days

Figure 5. Concepts definition process — PERT model

PM modeling is seen as the application of PM techniques
making use of a process oriented worldview supported by
software tools to extend the SE model with the necessary
activities related with the management of product
development along the entire product lifecycle. The PM
model extends the SE process model with additional PM
processes and explains all relations between these two types
of models [7].

By using the T-ProST approach, one can get great gains
by addressing PM not just for the management of a single
project, but for the management of multi-projects, through
process modeling and the integration of the concepts and
methodologies used in PM, BPM and SIM. Traditionally, the
PM, BPM and SIM methodologies and their supporting tools
have remained conceptually very divergent and self-contained
in their respective knowledge and application domains,
showing little communication between them, due to this
“single enterprise” way of handling projects in the PM study
area.

On the one hand, project management concepts, such as
critical paths and completion time for a segment of the
process, typical of PM, can be applied in simulation studies to
yield greater productivity and a thorougher analysis of
possible strategies for system operation. On the other hand,
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simulation modeling concepts, such as idle times of entities
staying in queues in front of activities and dynamical
resources allocation, can be applied to reduce segments or
overall process completion times and costs in PM applications
in the SE lifecycle.

C. BPM Modeling

BPM is a structured and systematic approach for
conducting modeling, analysis, automatic execution and
control, management and continuous improvement of
processes used in the product engineering and production
management of complex product and services [10][14].

Figure 6 shows the design phase of the systems
engineering lifecycle in the BPMN notation [16]. This is just
the first step of the modeling process, the model representation
using the Bizagi’s Process Modeler [2]. The complete
modeling procedure needs a second modeling step, making
use of the Bizagi suite, an environment where this initial
graphical model can be extended with many additional
features and transformed into running applications, which
may be used for automating some features of the system’s
operational process. The complete set of software tools to
support the BPM methodology is known as Business Process
Management Systems (BPMS) [10].
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Figure 6. SE’s design phase — concepts definition and systems definition — BPMN model

The BPMS tools work throughout the complete model life
cycle of business processes studies:  modeling,
implementation, execution, automation, monitoring, analysis
and continuous improvement of the system. They provide an
environment for the complete development and deployment
of an application that will act as part of the mechanisms used
in the operation of the real system, playing a major role in
aspects regarding its execution, its monitoring and control,
and contributing for its continuous improvement.

The organizations, however, still face a complex scenario
for customizing and improving their business processes due to
the diversity, incompatibility and/or incompleteness of
methods, as well as the high costs of deployment of its
supporting tools. The T-ProST general systematic approach
could help to integrate and unify concepts and tools used in
support of SE, PLM, PM and BPM and to help discard some
overhead results that might turn out to be inconsistent,
duplicate or superfluous regarding these existing individual
study areas. The use of BPMS systems can provide the means
for implementation of automated procedures to conduct the
operation of the real system. Other main applications to
compose the T-ProST supporting environment might be
chosen among existing tools as well, and additional interfaces
might be built for their integration

D. Simulation Modeling

The use of SIM in T-ProST follows the traditional
definition of simulation with the remark that one is addressing
the aggregate of the processes representative of the systems
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engineering and of the organization management lifecycles
[7].

The complete simulation application requires the creation
of the facilities needed for the experimentation (design of
experiments) and of any other additional features for analysis
and presentation of results.

Model assessment in simulation studies can be made by a
combination of the normal procedures used in simulation for
this purpose with the techniques derived from project
management of a multi-project nature, with the aim of
enhancing the understanding of the experimental factors and
strategies which significantly affect system's productivity.

The integrated use of standard model assessment and
project management techniques in simulation studies reveals
that they have a complementary nature, the first group of
procedures allowing for the analysis of the dynamics of the
process, including optimization of resources allocation, and
the second one allowing for a better evaluation of activities
completion time of partial or complete production cycles, as
well as their cost assessment.

The only special feature is the use of the SL reference
model, represented in the ULMD notation, to base model
development in the proprietary simulation system offered by
the different manufacturers. The reference model is
transformed into the specific model notation and implemented
according to the manufacturers of the proprietary systems, as
shown in the example of Figure 7, created with the
SIMPROCESS simulation system [5].
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The application of the existing software tools
interchangeably in each of these study areas can already
improve the simulation model assessment and the multi-
projects management tasks. The combination of these two
techniques is therefore very promising, but its advantages
cannot be entirely exploited through the separate use of the
actual existing software tools of the individual types in studies
of the other area, because they have been designed with
different purposes, which do not take into account their
complementary nature.

VII.

T-ProST presents an interesting alternative way to
improve the solution of problems involving complex business
processes, that is, instead of making use of the existing
knowledge base to create new techniques and tools, and/or to
improve the already existing ones, one would focus on the
(re)structuring, integrating and unifying the knowledge base
underlying them.

This holistic approach could consolidate all the scattered
knowledge on complex process under a single umbrella,
capable of covering the entire problem domain and covering
the complete process model life cycle. This innovative holistic
view addresses both the restructuring of the knowledge
content (descriptive view) and the creation of a general
systematic modeling procedure (unified process view),
making use of reference models to base the individual or
combined use of the diverse modeling techniques to create
multifaceted models.

The objective is to progress towards the integration and
the unification of the concepts, methods and tools from these
diverse techniques, seeking to apply them simultaneously in
an easy and consistent way, thereby achieving the same
complementary benefits from their individual use and, at the
same time, avoiding any overheads, inconsistencies and
duplications related with their joint application.

The proposed methodology can be applied to a large
problem class, with special interest focused on applications in

GLOBAL ASSESSMENT
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serial processes and in multi-projects of an identical single
project nature, whose execution share common resources and
occur in parallel.

The full development and application of the methodology
will require the use of existing tools to perform several case
studies, as well as the creation of a new hybrid environment,
which on its turn will require quite a lot of software
application and development time. For the moment, one has
already performed studies making use of the following
support tools: ProjectLibre [17], to support project
management applications; Bizagi [2] and Bonita [4], to
support the application of BPM techniques; and Simprocess
[5], to build simulation models and conduct their analysis of
results. The main reason for choosing these tools was their
availability in the form of open source or low cost academic
licenses. They can be easily substituted by similar systems,
since the great majority of them can cope with the
implementation of the specialised models described in the SE,
PM, BPM and SIM categories presented in this work.

There is an expected overhead in this attempt to apply a
transdisciplinary approach based on existing autonomous
tools, represented by the expensive procedure in regard to
maintaining model consistency and compatibility across the
whole model development life cycle. This overhead resulting
from the application of a unified approach right from the start
of the modeling process is seen rather as an anticipation of
future problems, which might remain unsolved if the
traditional way, based on independent application of the
techniques and the gathering and interpretation of their results
to build a global solution thereafter, is applied. This drawback
can be reduced in future studies of this kind by the use of
formal verification procedures and of software mechanisms to
improve process model consistency and compatibility.

The authors advocate further that a more encompassing
and definitive solution for this problem can be achieved
through the evolution of the T-ProST Framework and the
improvement of its supporting tools, aiming at its
transformation into a mature methodology. The foundations
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and guidelines for implementation of this methodology have
been presented in this work and they will be pursued and
extended in future research.

VIIIl. HoLIsTIC REVIEW AND CONCLUSIONS

The application domain of the T-ProST approach
comprises not only the Product’s Lifecycle (PL) processes
with its development and management processes (known as
PLM in the literature), but also the Enterprise’s Lifecycle (EL)
process, with its business process management procedures
(known as BPM in the literature). The complete holistic view
on processes advocated by the T-ProST approach considers
PLM as a part of BPM, and refers to product’s and enterprise’s
lifecycles simply as System’s Lifecycle (SL), with the
meaning of the system concept made clear by the context in
which it appears.

The USMD/UCMD former versions of the notation have
been used to describe and conduct some case studies on a
variety of discrete event problems, such as a steelworks
problem used as a class project, which is an example of a serial
production process, typical of the SIM study area. Another
example of application was on a house construction process,
typical of the PM study area, which has been modeled and
studied as a hybrid PM and SIM problem, showing the
diversity of systems that can be represented using the notation.

The present work improves the experience obtained in
those previous case studies and presents T-ProST as an
aggregate of the application of the individual techniques. The
multifaceted modeling makes use of a reference model of the
design phase processes of the systems engineering lifecycle as
a common basis, aiming at the integration and the exploitation
of their complimentary advantages. As a result, the T-ProST
framework has been revised, which will lead to the
development of a mature methodology and its supporting
tools for application in additional case studies in the future, for
continuous improvement of the methodology and its
supporting environment.

The full benefits of a unified methodology shall only be
achieved if one undertakes the design and the construction of
a hybrid environment to deal simultaneously with all the
issues involved in the individual study areas. A hybrid
environment based on an integrated approach will allow the
modeling and analysis of a production process as the
application of basic SE, PM, BPM and SIM tools, in
substitution of complex PLM systems, which are costly and
difficult to customize, and therefore not adequate for SME.
With such tools it will be possible to increase productivity,
reducing segment or full process completion time, subjected
to resources and costs constraints, by shifting and analysing
the start of successive production cycles, for example.
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