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Abstract

In designing and developing large complex products, peo-
ple use models to describe and organize interrelated el-
ements in both product systems (architecture, use cases,
constraints...) and process systems (activities, deliverables,
roles...). However, exchanged information is often incom-
plete, vague and not entirely determined at the beginning
of the project and during its evolution. Our project is to im-
prove predictability and stability of product development
(PD) processes by proposing a framework to identify and
manage uncertainty and imprecision. As a first step, we fo-
cus on modeling uncertain and imprecise information in PD
process modeling. Drawing on our industrial experiences
and literature reviews where we found that 112 elements1

often brought uncertainty and imprecision, we distinguish
four types of uncertainty and imprecision. We then pro-
pose a simple, structured modeling framework to describe
these elements - a new Unified Modeling Language (UML)
profile .

1 Introduction
To develop large complex products in a sustainable and
long-term way, product development (PD)2 processes3 are
used to cover product definition, specification, concep-
tion, realization, validation, integration, modification and
project planning. In the last ten years, modeling has been
applied at large in both product and process descriptions.
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1This number is from an industrial nuclear safety case. Some repre-
sentative elements in the context of PD processes will be introduced.

2PD is an endeavor comprised of the myriad, multi-functional activi-
ties done between defining a technology or market opportunity and start-
ing production [7].

3A process is an organized group of related activities that work to-
gether to create a result of value or a network of customer-supplier rela-
tionships and commitments that drive activities to produce results of value
[7].

Process modeling facilitates communication among differ-
ent stakeholders in the project and helps people to describe
and analyze interrelated elements of a product and its de-
velopment processes with precise semantics.

An emerging problem in this context is the management
of the uncertain and imprecise information that obligatorily
arises during the numerous operations associated with PD.
Our target is to improve predictability and stability of PD
processes by proposing a framework to identify and man-
age these uncertainties and imprecisions.

The present paper will explain how to represent un-
certainty and imprecision in PD processes. We identify
four types of uncertainty and imprecision in PD processes.
Thereafter, we concentrate on how to formalize and in-
tegrate them in process modeling, following a modeling
workflow based on the UML (Unified Modeling Language)
extension mechanism. We then display a meta-model for
uncertainty and construct a structured modeling framework
- a new UML profile from this meta-model. Finally, we ap-
ply this profile within a UML Class Diagram4.

2 Uncertainty and Imprecision in PD pro-
cesses

Generally, imperfect information is described by using the
term “uncertainty” to refer to doubts about information va-
lidity and truth; and “imprecision” to refer to difficulties in
expressing the information, e.g. if not completely known or
not exactly describing some targets’ characteristics [2][14].
Authors have defined categories for both of them (see ex-
amples in [3][4]):

• “uncertainty” has two categories: probability and pos-
sibility;

• “imprecision” has four categories: set membership,
interval membership, incompleteness and vagueness.

4To limit the paper length, we will not present other applications of the
new UML profile such as in Activity Diagram, Use Case, etc..



Such a classification is useful for the analysis of imperfect
information (by fuzzy theory, probability theory, etc.) but
not sufficient to represent its structure in PD processes. PD
processes can be modeled as a network of activities that
exchange deliverables. The term process-component de-
signs the building block for the process [5][6]. A process-
component is made up of activities concerning tasks, de-
liverables, and roles [15]. It indicates a logical collection
of process elements that combine to accomplish a sizable
chunk of process. From industrial experiences and litera-
ture reviews, we have determined four types of uncertainty
and imprecision:

• Role uncertainty and imprecision. The role describes
a person who is responsible for carrying out the pro-
cess [9]. His or her availability, competences and
credibility in executing processes may be uncertain or
imprecise.

• Activity uncertainty and imprecision. Each activity
has an uncertain duration and cost, an improvement
curve, and risk of rework based on changes in its in-
put [5]. Other uncertain elements concern the num-
ber of iterations between phases or activities, activity
overlapping and stochastic activities where some of
them are caused by interactions among the activities
and some others caused by modifications impacting
on the system.

• Deliverable uncertainty and imprecision. A deliver-
able binds at least one activity with an optional state
(Input, Interim or Output) [6]. Deliverables can be in
form of information like documents, messages or can
be pieces of software or physical products as parts of
a system. Each of them is associated with a series of
quality properties for metric analysis or review such as
maturity of requirements, functional reusability, com-
pleteness and correctness of information, physical re-
sistance, etc. that can be uncertain and imprecise.

• Iteration uncertainty and imprecision. An iteration is
an execution of a sequence of process-components.
The intensity with which it is performed can be un-
certain or imprecise, depending e.g. on process-
component project size and process’s objective (see
example in [15]).

3 Using UML to Model Uncertainty and Im-
precision

Our objective in this part is to enable the modeling of the
four types of uncertainty and imprecision that we described
in chapter 2. The PD process modeling literature includes
more than 20 frameworks, among which IDEF [10], De-
sign Structure Matrices [6], Critical path and GDM [16],
etc. are some popular tools in industrial practices, helpful
in analyzing activities’ dependencies or impacts on process
cost and time which are partial aspects of uncertainty and

imprecision in PD processes. Here, we choose a less spe-
cific language, UML, as our modeling language because of
two important factors:

1. UML is “the” standard structured modeling frame-
work that is been widely applied and combined with
enterprise’s methodologies in industrial product de-
velopment. Note that UML is not only useful for
Software Engineering but also for System Engineer-
ing [12].

2. UML may support uncertainty and imprecision mod-
eling through its extension mechanisms. Using
“stereotypes”, “tagged values”, and “constraints” al-
lows tailoring the language to fit the descriptive needs
of uncertainty and imprecision. We are going to see
this in detail in section 3.1.

3.1 UML extension mechanisms

Extension mechanisms [11][13] are the means for extend-
ing UML at the meta-model level to support a new technol-
ogy. Three concepts are used: stereotypes, tagged values
and constraints.

• Stereotypes, labeled <<...>>, are used to intro-
duce a new type of model element as an extension,
or a classification of an existing base element (e.g.
<<uncertainty-of>> will be a new classification of
class in our case). The stereotype concept allows the
extended element to “behave as if it was instantiated
from the meta-model construct” [13].

• Tagged values specify keyword-value pairs of model
elements to indicate a new property for existing UML
model elements; they can be applied to stereotypes.

• Constraints are a set of well-formedness rules ex-
pressed in OCL (Object Constraint Language) or natu-
ral language. Constraints are the means by which new
semantics can be introduced into UML.

A defined set of these three concepts is called a profile
[11]. Researchers and practitioners define and use profiles
to adapt UML to their particular domain as we propose,
here, a new profile in 3.3 to the domain of PD processes.

3.2 The modeling workflow

We propose a modeling workflow to model uncertainty
and imprecision in the UML that involves several steps, as
shown in figure 1 :

1. Establish meta-models for both uncertainty and im-
precision.

2. From the meta-models, create a new UML profile
which is extended from the UML 2.0 class as ex-
plained in section 3.1. In our case, we realized
this kind of creation semi-automatically with a new
prototype tool named Meta-Model To UML Profile



Figure 1: Overview of the uncertainty / imprecision mod-
eling workflow

(MM2UP) based on an Eclipse platform, proposed by
one of the authors Vincent Aranega [1].

3. The new profile provides new elements to inte-
grate descriptions of uncertainty and imprecision into
UML-based models.

It is a mandatory requirement that the new profile shall
not break existing UML modeling principles [13]. In other
words, we have to guarantee the conformity between the
“uncertainty-of”, “imprecision-of” meta-models and the
UML-based process model by respecting the original UML
constraints and defining the other constraints in the new
profile.

3.3 Validation of the modeling workflow

To realize the modeling of uncertainty and imprecision, we
followed the modeling workflow introduced in section 3.2.
At first, we established the meta-model of “uncertainty-of”
and the meta-model of “imprecision-of”. As both of them
have almost the same structure, here, we just describe the
meta-model of “uncertainty-of”. We also list the stereo-
types which should be created for the new profile. Finally,
we illustrate the application of this profile within a UML
class diagram.

3.3.1 Meta-model of uncertainty-of

The “uncertainty-of” meta-model is shown partially as in
figure 2. It is composed of three meta-classes:

• Reference elements: to refer to uncertain elements;

• Uncertainty category: to show the category of uncer-
tainty (possibility or probability);

• Uncertainty treatment: to represent a family of meth-
ods to analyze different types of uncertainty. These
methods can be for quality estimations, impact analy-
sis, etc.

The meta-classes: uncertainty-of-role, uncertainty-
of-activity, uncertainty-of-deliverable, uncertainty-of-
iteration inherit the two common attributes defined in their
super-meta-class uncertainty-of:

Figure 2: Partial uncertainty-of meta-model

Figure 3: Partial list of stereotypes of the new profile

• Is attribute uncertain: to indicate if uncertainty is on
the attribute of an element;

• DataSpecific: to describe an uncertain element in de-
tail.

Moreover, each new meta-class has its own attributes.
Their meanings correspond to the descriptions in chapter 2
about the types of uncertainty and imprecision.

3.3.2 New UML profile and its application

Conforming to the “uncertainty-of” meta-model, a new
UML profile has been created semi-automatically by
MM2UP. We provided the list of stereotypes and, when ap-
plicable, the list of tagged values associated to a specific
stereotype, see figure 3 (partial list). No specific icons are
defined to represent these stereotypes. In general, the name
of the stereotype corresponds to the name of the underlying
concept in the uncertainty-of meta-model. For example, in
UML diagrams, an “uncertainty-of” could be displayed as
a Class, an Association, a Package.

Application of the new profile in a Class Diagram is
shown in figure 4. We apply the stereotypes which have
been defined in the new profile to collect uncertain infor-
mation of two classes: “Resource 1” and “Resource 2”.
This allows us to model an entity (e.g. a machine or a soft-
ware tool) of the real world from the viewpoint of uncer-
tainty. Representing these stereotypes as classes, proper-
ties, operations, etc. permits the modeling of uncertainties
on attributes and operations within a class. Moreover, ap-
plying << uncertainty − of >> to relationships allows



Figure 4: Modeling with the uncertainty-of profile

the modeling of uncertainty of dependencies and relation-
ships between classes.

4 Conclusions and Perspectives

The first part of our study in identifying and managing
uncertainty and imprecision in PD processes concentrated
on modeling uncertain and imprecise information in PD
process modeling. We proposed two general meta-models
“uncertainty-of” and “imprecision-of” to describe such im-
perfect information. The four types of uncertainty and im-
precision provide the kernels or basic “building blocks”
from which increasingly complex process structure can be
built. We also made these meta-models operational by con-
structing a new UML profile. This generalized framework
enables people to identify the uncertain and imprecise at-
tributes and/or relationships of process models that will
make consistent and valid descriptions of reality and per-
mit engineers to describe and collect imperfect aspects of
information exchanged in process modeling.

Our next studies will focus on: (1) refining our two
meta-models’ textual descriptions for the naming rules, le-
gality rules and semantics by applying the models with
an aeronautical product development processes example;
(2) proposing a framework for uncertainty and imprecision
management in product design process, planning and evo-
lution. It will help people in efficient working, planning-
making and better mastering of PD processes. The term
“management” is used here to designate active and proac-
tive responses to uncertainty: active in that it seeks to build
features into the design that enable the system operators to
shift the evolution of the system as needed to avoid risks
or to exploit opportunities; proactive in that it seeks to in-
crease the performance of the system [8].
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