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Complexity and uncertainty

“Complexity lies within the entanglement that does not allow to tackle
things separately, it severs what binds groups, and produces a crippled
knowledge. The problem of complexity further appears since we are part
of a world, which is ruled not only by determination, stability, repetitions,
or cycles, but also by outbursts and renewal. Throughout complexity,
there are uncertainties, either empirical or theoretical, but, most of the
time, both.”

Edgar Morin, Philosopher.
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Several types of systems

Technical systems

Car, airplane, nuclear power plant, hydrowind farm, ...

Natural systems

Fish population, weather forecast

Hybrid systems

Internet, social network models
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Uncertainty analysis in a decision process
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Uncertainty analysis in a decision process

Situation analysis

Identification of constraints (applicable standards, group strategy)
Identification of risks and opportunities
Identification of the degrees of freedom in the situation
Definition of the scenarii to be investigated
Allocation of resources to undertake the analysis
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Uncertainty analysis in a decision process
Technical analysis

Definition: Technical work intended to generate and aggregate
qualitative and quantitative elements within an allocated resource

Qualitative approaches refer to methods and tools that integrate
past experience, intuition, return of experience, sense of analogy.
They are not supported by a physical test or a numerical model at
the time of their expression but they integrate engineering/expert
judgement.
Quantitative approaches are supported by tests or numerical
models. Tests and models represent a simplified and theorized
understanding of the situation. They are designed to be
representative and reproducible for the situation of interest. Anyway,
some problems arise when dependence is hidden between the
different elements of the situation or when the cost of a test
(physical or numerical) that is required is too expensive for the
avalaible budget.
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Uncertainty analysis in a decision process

Decision
Definition: Act of deciding, responsible for the consequences in a certain
context (risk adverse, knowledge and positioning of the decision maker).

Risk adverse
Decision under constraints

Remark
Choosing the appropriate decision criteria for decision-making under
uncertainty is a large and specific domain of research: it involves in-depth
understanding of the larger decision processes, and potentially a
conceptual decision-theory approach to the decision-maker’s preferences,
attitudes towards risk and uncertainty
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Scope of application of our mathematical tools
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Risk and uncertainty

Risk
A risk is defined by the effect of uncertainty on specific objectives. A risk is
both attached to the realization of a certain event towards its subjective scale of
gravity/criticity. It is very common to define the risk by the following formula:

Risk = probability ∗ gravity (1)
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Risk and uncertainty

Uncertainty

Distinction between types of uncertainties encountered in practice:
“irreducible” or “aleatory” (or random, stochastic, objective,
inherent,...) vs. “reducible” or “epistemic” (or lack of knowledge,
ignorance, subjective, imprecision, ...)
“variability” (spatial, temporal, ...) vs. “uncertainty” (lack of
knowledge, measurement error etc)
“epistemic uncertainty” (invevitable ignorance) vs. “error“ (deliberate
ignorance)
uncertainty that is "parametric" (associated with model inputs
according to the level of information available on those inputs) vs.
”modelling uncertainty” affecting the adequacy of the model itself to
reality (structure, equations, discretisation, numerical resolution etc.)
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Internal/endogeneous versus external/exogeneous
uncertainties

Figure : Links between uncertainties and industrial contexts

1 Internal/endogeneous: Each product or system bears its own uncertainties with it,
which arise primarly from the “inside”. It can be influenced by the system designer or
company to a certain extent.

2 External/exogeneous: Uncertainties outside the system boundary can be influenced by
the designers or company to a lesser extent.
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Layers of uncertainty

Figure : Links between uncertainties and external contexts

The degree of influence decreases sharply from the inner to the outer layer.

The possibility of mitigating risks or exploiting opportunities arising from these
uncertainties thus also decrease.
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Time scale and uncertainty management
strategies

Short-term

These decisions concern immediate issues. Being limited to the available data
and pre-existing models, the objective is to treat the existing information to aid
the decision-maker.

Mid-term

Unlike short-term decisions, these involve situations in which a support is
conceivable, such as the development of refined models or collection of
additional data to improve the understanding of the global phenomenon.

Long-term

These concern long-term issues, including the influence of societal, political and
market evolutions.
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New opportunities to improve procedures and
practices around uncertainty management

1 Recent conceptual reformulation: shift from “failure-driven risk
approach” to “option-exploring approach” in uncertainty
management.

2 Recognition that the performance of an engineered system has to be
taken into account in its larger commercial and political
environment:

To bullet-proof design against technical and human failure
To enable the system to evolve to new circumstances and usages

3 New advances in information technology (development of models,
acquisition of computer, etc) make it possible to conceive of a much
more coherent uncertainty management approach.
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Standards and tools
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Standards and tools
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UM environment

   

UM
environment

« Applicative » ANR 
funded projects

UFO UMEPS
EVADEOS OMD
TYCHE AHTOLA
KidPocket

French working groups
GDR CNRS MASCOT NUM
GT SfdS « Fiabilité et incertitudes »
GT ImdR « Incertitudes »
ARF Stochastique ...

European working groups
MUCM (UK), SAMO (Eu)

International organisations
SIAM Uncertainty Quantification
 (US), ECCOMAS, ERCOFACT

ANR projects
COSTA BRAVA
DESIRE

FUI project
CSDL

EU Projects
LOCOMATS
PICASO

French IRT
IRT Saclay SystemX
IRT Toulouse AESE 

Software initiatives
Scilab, R, Open TURNS, 
DICE, Feel++, STK, SPAMS

Figure : On-going initiatives in UM that I know... See for example MASCOT
NUM [20] or MUCM [23]
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Two types of images of the world

The Empirical Image: made of material experiments
The Rational Image: essentially a theory-based image which rests
on (supposed-to-be) physical models and derived codes (models are
scientific images of a theory).

Examples of scientific images
Flight of an airplane

Rational : use of NS equations plus turbulence models
Empirical : Scale model (= wind tunnel)

Tumor growth :

Rational : discrete reality of interest continuously representated
through a set of coupled PDE
Empirical : analogical model (mice = men)

Urban gang extension :

Rational : individuals thought as particles submitted to simple
interacting rules.
Empirical : polls, police reportsPage 24
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Link between model and reality

Figure : Interaction between model and reality

Simulation: A process which mimics the relevant features of a target
process.
Numerical Simulation: A processis is a Computer Simulation iif it is a
Simulation and a computer process
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Figure : Modelling loop
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Example in simulation contexts

Figure : Numerical Simulation contexts ([30]
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Example in simulation contexts

Figure : Numerical Simulation contexts ([30]Page 28



Uncertainty Quantification I February 12, 2014

Complexity of the physical representation
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Complexity linked to the input data model
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Complexity linked to the multiplicity of actors
and location
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The challenge of complexities
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