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Systemic Intelligence in a nutshell
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Systemic Intelligence is part of CESAMES group, a spin-off of the industrial chair “Engineering of complex systems” of Ecole Polytechnique 

which is specialized in systems architecting & engineering, a domain that proposes modeling & simulation techniques that aims at better

mastering industrial complexity. We disseminated innovative methods & tools in this area for the last 10 years within various industries 

(aeronautics, automotive, construction, defense, energy, high tech, railway, space), mainly in China, France, Germany and Japan.
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Systemic Intelligence – Our customers
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Our current ecosystem of industrial customers
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Systemic Intelligence – The scientific pillars of systemic digital twins
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Our systemic digital twins rely on three main innovative pillars: 1) the CESAM system architecting method used 
in the design phase, 2) the new systemic specification language  used in the beginning of the development 

phase, 3) the WorldLab platform that supports the end of the development phase and the use phase.
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Systemic Intelligence – Our academic & professional network 
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Our network is especially animated through the academic & professional events that we are regularly organizing in 

France and Asia, the most important one being the international conference on Complex Systems Design & Management

(CSD&M), that we already organized each year in Beijing, Paris and Singapore during the last 12 years. 
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Systemic Intelligence – The starting point of our journey
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A seminal paper where we proposed a systemic digital twin approach for modeling the world in the covid-19 crisis context
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The context: industry has to manage more & more complexity (1/2)
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Modern industries are permanently dealing with many complex internal & external interdependent systems. They shall of 
course manage complex operational systems such as their supply chain, their production systems, their distribution systems, 
their customer operations, their maintenance systems, etc., but they must also take into consideration complex economical, 

political, social, technological, legal and environmental constraints from a tactical and strategic perspective.

Complex supply chains

Complex operations and maintenance

Complex industrial systems

Complex environment
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The context: industry has to manage more & more complexity (2/2)

Modeling & simulation of industrial systems with systemic digital twins10 |

Product

Industrial company Economic sector 

Global economy

Industrial optimization can moreover be approached at several systemic scales: that of the product, that of the 
industrial company that designs it, that of the associated economic sector and that of the economy as a whole, and 
each has its own difficulties. Managing and integrating smoothly these different scales appear to be a key difficulty. 
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The issue: operations rely on operational, tactical & strategic decisions
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Optimization of industrial operations rely on many different types of operational, tactical & strategic industrial decisions

• What is the optimal global architecture for an industrial system?

• What is the optimal design for a new industrial facility?

• What is the best way to manage an industrial process?

• What is the optimal way to manage an industrial ramp-up?

• What is the optimal industrial maintenance strategy to follow?

Examples of strategic industrial decisions

Examples of operational & tactical industrial decisions

• How to optimize my industrial lead time during operations?

• How to minimize non quality during industrial operations?

• How to optimally reconfigure my industrial production?

• How to minimize energy & wastes during industrial operations?

• How to decrease environmental footprint during industrial operations?
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The challenge: how to be sure to take the right decisions?
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Sustainable development goals Economic uncertainty

Covid-19 crisisEnergetic transition challenge

Change of consumption behaviors

Increase of regulations

In such complex environments, being able to take the right operational & strategic industrial decisions becomes key! 
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Examples of industrial case studies (1/2)
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Our systemic digital twin case studies are dealing with strategic planning, that is to say how to manage optimally the evolution of an 

industrial system, and with industrial optimization, that is to say how to design / operate / maintain optimally an industrial system.

Logistic hub strategic planning

Automated warehouse design

A220 industrial system 
strategic planning

New railway signaling 
system design

Strategic planning of industrial systems

Industrial optimization of industrial systems

Submarine mining design
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Examples of industrial case studies (2/2)
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Case studies Industrial system of interest Nature of the flows

A220 extended industrial system
(manufacturing & supply chain)

Aircraft components

Dunkirk port logistic hub Containers & goods

Automated logistic warehouse Packs & goods

Mining infrastructure Minerals

Railway infrastructure Trains

All these industrial case studies are dealing with complex industrial systems that can be seen 

as discrete event systems managing various types of flows.
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Systemic digital twin: a functional paradigm (1/2)
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Geometrical
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doing the 
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Industrial products Industrial processes

Example: geometric model of an aircraft

Example: functional model of an aircraft

Example: geometric model of an airport

Example: business model of an airport

Systemic 
digital twins 

We shall focus here on systemic digital twins which simulate industrial processes of complex industrial systems
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Systemic digital twin: a functional paradigm (2/2)
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We do believe that one must focus on enterprise business processes: a digital twin shall indeed be able to model & simulate the 
behavior of an enterprise, starting from operational data and ending by enriching decision dashboards or digital mock-ups, which 
put enterprise models at the core of a digital twin. This is why we took an enterprise architecture behavioral approach – based on 

formal modeling to support simulation by design – which is our key difference with respect to existing digital twin technology. 

Our digital twin philosophy where enterprise business processes are at the core of a digital twin

IOT & RFID infrastructure

Smart devices
Building Information Modeling (BIM)

Digital mock-ups

Enterprise business processes
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Our approach: a systemic vision to address enterprise complexity
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To address enterprise complexity, our approach is based on an unified enterprise systemic vision that can support operational & 
strategic analyses. An enterprise shall here be considered in its whole within its external environment as an unique integrated system

which shall be – as realistically as possible – modeled & simulated by integrating coherently many realistic specialized models. 

Pollution
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Our technology: the WorldLab systemic intelligence workshop (1/2) 
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WorldLab Workshop WorldLab Hub

To support our vision, we developed the WorldLab patented technology – built on the proven infrastructure of the AltaRica safety & 
reliability analysis tool, developed by Antoine RAUZY during the last 20 years and industrially used in many industrial sectors – which is 
a systemic intelligence workshop that offers enterprise systemic modelling and scenario stochastic simulation & evaluation capabilities.
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Our technology: the WorldLab systemic intelligence workshop (2/2) 
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• Simplicity & Maintainability – A systemic digital twin is specified in the object-oriented modeling language  which is 
quite simple to use to any person with an algorithmic-design background. This choice also allows to easily maintain the 
evolution of a systemic digital twin among time which becomes similar to software engineering. 

• Heterogeneity – A systemic digital twin can integrate various heterogeneous features, such as technical functions, 
maintenance policies, societal behaviors, financial market evolutions, regulatory strategies or meteorologic conditions, 
into a single unique systemic model, allowing to analyze a given industrial system from all these various perspectives.

• Concurrency & Time – This modeling language especially allows to manage concurrent industrial activities and express
explicit durations for timed transformation activities of an industrial system, which is currently not offered by the 
existing similar languages. 

• Hazards – Hazards can be effectively captured in a systemic digital twin: each variable specified in the  modeling 
language can be a random variable with a specific probability distribution – either explicit or pragmatic – allowing to 
capture random quantities & random delays and to manage stochastic simulations for a given industrial system. 

• Data Abstraction – Operational data are managed through abstraction mechanisms that allow to avoid dealing with 
details when they are not mandatory, while focusing on the most important trends captured by the data. This choice 
also allows to gain into  execution performance when one needs to deal with complex simulations. 
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Structure of a submarine 
mining infrastructure

Seabed robot dedicated to submarine ore collecting

Nordic Mining asked us to identify the best design parameters to choose for a new underwater mine located in the middle 
of the North Sea (around 2,000 km far away from the coast) in order to minimize its energetic & environmental footprint, 

which can be rephrased as an objective of minimizing its global energy consumption and its wastes during operations 

A case study of WorldLab technology: underwater mining 
Motivation of the case study 
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Mining Support Vessel

Bulk Vessel

Sea
Harbor

Lifting System

Seabed 
Mining Tool

Seabed

Polymetallic nodules are collected from the seabed by a seabed mining tool. 
They are then sent aboard a mining support vessel by a lifting system. On 

board the support vessel, they are dried and then transferred to a bulk 
carrier. The bulk carrier travels from the port to the mine site and back to the 

port to transport the nodules, which are then unloaded in the port.

The first step is to clarify the business problem to be solved: 
here, minimizing the period of use of the bulk carrier

The system of interest considered here is an underwater mine

An application case of WorldLab technology: an underwater mine

A case study of WorldLab technology: underwater mining 
Overview of the case study
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A case study of WorldLab technology: underwater mining 
The three main steps for developing a systemic digital twin

MBSE model of an industrial system
 model of an industrial system

System digital twin of an industrial system

The methodological framework for the development of a systemic digital twin with  and WorldLab

Model-Based Systems Engineering (MBSE)

1 2 3
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World
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System breakdown of the environment of the system of interest

Sea Bulk vessel

External systems

System of 
interest

A case study of WorldLab technology: underwater mining 
Step 1: design of the systemic digital twin (1/3)
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A case study of WorldLab technology: underwater mining 
Step 1: design of the systemic digital twin (2/3)
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over a time step of 4 hours
(based on historical data)

Service completed
Average maintenance 
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Modeling of the operations of the seabed mining tool

A case study of WorldLab technology: underwater mining 
Step 1: design of the systemic digital twin (3/3)
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Specification in  of a sub-marine mining exploitation, supported by WorldLab systemic intelligence workshop

A case study of WorldLab technology: underwater mining 
Step 2: development of the systemic digital twin 
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Example of a systemic digital twin for a sub-marine mining exploitation which was 
constructed with WorldLab systemic intelligence workshop

A case study of WorldLab technology: underwater mining 
Step 3: use of the systemic digital twin 
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Thanks for your questions

Modeling & simulation of industrial systems with systemic digital twins31 |
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