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Professional Statement of Olivier L. de Weck 
 

Motivation and Background1 
 
Systems Engineering is my professional passion and research focus. I study how complex 
systems and products evolve over time and how they can be deliberately designed for 
changeability2 and commonality.  Traditionally, customer requirements are gathered and then 
frozen to help generate implementable designs. This appears to be a proven approach for systems 
of low to moderate complexity. However, for large-scale engineering systems such as the ones 
critical to our aerospace, energy and manufacturing industries this can be a recipe for failure: 
 

'Motorola unveils new concept for global personal 
communications: base is constellation of low-orbit 
cellular satellites', Motorola Press Release regarding 
the Iridium System, London, 26 June 1990. 

‘Iridium LLC seeks bankruptcy protection 
….Iridium has sapped more than $5 billion in 
resources from investors world-wide.’  
Wall Street Journal, New York, 16 August 1999. 

 
The above quotes illustrate the dilemma. Iridium pioneered mobile satellite communications in 
the 1990s [2.2]. It achieved many technological breakthroughs. Unfortunately, its original market 
forecasts and chosen capacity [2.8] were confounded by the unexpected success of competing 
terrestrial systems. The system’s architecture [4.8] was technically successful but contributed to 
its commercial failure. In essence, the system became “locked” into a rigid configuration that had 
been chosen based on a “best guess” about an uncertain future. 
  
My experience in working on the re-design of the 
Swiss F/A-18 aircraft (1991-96) taught me that 
systems inevitably change. While the upgrading of 
avionics and software was relatively easy in this 
particular aircraft (Fig.1), modifications to the 
airframe turned out to be rather difficult.  To certify 
the aircraft for 5000 flight hours and flight loads up to 
9g we made changes to the baseline configuration.  
Some of these changes were well behaved. Others, 
such as the substitution of titanium for aluminum in 
the three carry-through bulkheads, ended up rippling 
through the system in complex ways. Unanticipated change propagation to other structures, 
manufacturing processes and flight-control software added significant costs to the program. This 
experience sparked my interest in systems engineering and inspired my current research. 
 
Increasingly, complex engineering systems have to account for partially unknown future 
requirements rather than being designed to a single “optimal” point. A key issue is that properties 
that are desirable in the long term, such as changeability, often cause short-term performance and 
cost penalties. This problem is compounded by the fact that new systems typically exist not in 
isolation but as members of product families or ensembles of systems. This calls for 
standardization and commonality across such systems, but without significantly compromising 
the performance of individual variants. How can such tradeoffs in system design be modeled and 
resolved? How can we identify changes that are likely to propagate? Are there generalizable 
principles across multiple domains, or must each engineering project be treated as a unique 
undertaking? Therein lays the challenge of my scientific quest. 

                                                 
1 Numbers in square brackets, e.g. [2.2], refer to specific papers or reports in my list of publications. 
2 Changeability is the degree to which a system can undergo modifications in its configuration without incurring large increases 
in its complexity and cost. Flexible systems are those that exhibit a high degree of changeability [4.9]. 
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Fig.3: Network of changes in radar design [3.98] 

Research Contributions and Impact 
 
My doctoral research (1999-2001) developed an isoperformance method for finding designs that 
satisfy known performance targets [2.10]3. However, since then I have found that optimizing 
some complex systems and products for fixed objectives can be counterproductive. This is the 
case when three conditions are present: (i) long lifecycles, (ii) large irreversible investments and 
(iii) significant requirements uncertainty. Moreover, it has been shown that highly optimized 
systems are often fragile and/or difficult to change [4.9]. Consequently, the core of my research is 
now focused on the development of generalizable methods that allow the incorporation of 
changeability and commonality considerations during systems architecting and design. My 
research tackles real world challenges 4 in the domains of aerospace and manufacturing whose 
solutions can have a beneficial impact both on scientific theory and on the practice of systems 
engineering. The following paragraphs summarize our contributions to date.  

 
An early result was the development of staged deployment strategies for satellite constellations 
in response to the type of uncertainty that had been experienced by Iridium [2.2]. Previous work 
had focused only on static constellation optimization (Walker 1971, Adams & Rider 1985) for global 
Earth coverage with a minimum number of satellites. We adopted a very different approach from 
the traditional design method and found optimal evolution paths (Fig.2) for satellite 

constellations based on calibrated technical-economic 
models. Our analysis revealed that a real option to grow 
capacity in stages can reduce lifecycle costs between 20-
45% relative to a fixed all-in-one strategy. These results 
have been incorporated in courses such as ESD.715 and 
ESD.36 and are assisting firms such as Space 
Systems/Loral in the evaluation of the next generation of 
satellite constellations (e.g. Iridium Next). 
 

Other significant contributions are a technology infusion methodology to assess the risks and 
opportunities of incorporating new technologies into products and systems [2.14] (Smaling 2005), 
ways to systematically embed flexibility in product platforms [2.23] (Suh 2005), and the largest 
published analysis of over 41,000 change requests on an engineering project [2.26] (Giffin 2007), 
see Fig. 3. The time-expanded decision network (TDN) methodology [2.16] (Silver 2006) is perhaps 
the most important and unifying of these contributions. TDN allows simulation and optimization 
of a system’s evolution over time, by representing both the 
exogenous uncertainties and the decisions to reconfigure as 
an acyclic time-expanded network. MIT recently filed a 
utility patent application for TDN. The work in design for 
changeability is having impact in a variety of ways.  Xerox is 
applying the technology infusion method to evaluate the use 
of image correction technology on its new generation of 
digital printing presses. Raytheon is revising its engineering 
change management processes as a consequence of our study 
[3.98].  Scientific interest in system design for change and 
reconfigurability has risen sharply over the last 5 years [3.97]. 

                                                 
3 Based on [3.35], which won a best paper award at the 2004 INCOSE Systems Engineering conference. 
4 As opposed to simplified “toy” problems of mainly academic interest, see http://strategic.mit.edu for additional details. 
5 ESD.71/1.146/2.192/16.861 Engineering Systems Analysis for Design taught by Prof. R. de Neufville 

Fig. 2:  Staged Deployment of Constellations 
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Recently, we expanded our collaboration with BP beyond the successful Projects and 
Engineering Academy. The goal of this research was to develop a consistent approach to 
standardized solutions in oil & gas exploration systems either as clones, copies or as bespoke 
(optimized) designs. Cloned designs are exactly identical, while copies are slightly modified 
designs. Working with BP’s director of standardization and their Concept Modelling and 
Development team we helped develop the CLONE software. It uses our s-DSM/Invariant Design 
Rules method [3.75] (Kalligeros 2006) to screen facility designs for standardization opportunities. 
Initial results suggest that capital and operating expenditure savings of 30%, and project 
acceleration of 6 months or more are possible by carefully designing modularized, partially 
standardized facilities. With this work we are contributing to a more quantitative basis for 
strategic decisions during the early project phases known at BP as “Appraise” and “Select”. 

 
In the domain of space logistics, together with JPL, we developed a framework for modeling 
space exploration missions and campaigns as interplanetary supply chains [2.24, 4.18, 3.82]6. The 
resulting software tool, SpaceNet, has been adopted and officially accredited by NASA for use 
on the new Constellation Program which intends to return human explorers to the Moon by 2020. 
SpaceNet allows discrete-event simulation of the flow of vehicles, crew and cargo to and from 
the Moon and other destinations such as Mars7. SpaceNet has been able to reduce the typical 
evaluation time for lunar campaigns to the order of minutes rather than the weeks or months that 
were previously required. We have used these models to understand the optimal mix of pre-
positioning, carry-along and resupply flights for a lunar outpost, as well as to quantify the effects 
of system reliability, commonality, and reconfigurability on resupply needs and system 
availability [2.15]. Reconfigurability, the property of a system to easily and reversibly achieve 
different configurations, is increasingly being recognized as an important type of changeability 
(Siddiqi 2006). In [2.13] we show how reconfigurable systems, such as planetary surface rovers, can 
be modeled using non-homogeneous Markov chains. One of the most exciting elements of the 
space logistics research was an expedition to the Arctic8 which I was able to organize and lead in 
2005. Its purpose was to learn about exploration logistics on Earth and to help test and calibrate 
our models with data gathered at the Haughton-Mars-Project station on Devon Island. This 
project was facilitated by MIT’s Engineering Systems Division, bringing together space systems 
and terrestrial supply chain researchers towards a common goal. Ongoing research in space 
logistics includes the development of contingency strategies for dealing with failed missions as 
well as the challenges of real time asset monitoring and management in space. 
 
Teaching and Advising 

 
My main focus in teaching has been to achieve consistent excellence in graduate systems 
engineering education in both Aeronautics and Astronautics as well as in the System Design and 
Management (SDM) program. My core course ESD.36 (System Project Management) and elective 
course ESD.77/16.888 (Multidisciplinary System Design Optimization)9 have earned me average 
instructor ratings of 6.33 and 6.53 out of 7.0, respectively. I achieve this by developing and 
applying active learning techniques [3.57], carefully balancing lectures, case studies and relevant 
homeworks and by constantly refreshing my course materials with new research results. My 

                                                 
6 NASA-funded Interplanetary Supply Chain Management and Logistics Architectures Project (2005-2007), see 
http://spacelogistics.mit.edu for additional details. 
7 SpaceNet 1.4 supports ongoing trade studies at NASA to evaluate lunar exploration campaigns and was recently ranked 1st out 
of several dozen models and simulations by NASA in terms of its relevance to the Constellation Program. 
8 Haughton Mars Project, see http://www.marsonearth.org, Devon Island (75N, 89W) 
9 16.888/ESD.77 is co-taught with my colleague, Prof. Karen Willcox. 
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industrial experience and personal energy allow me to work particularly well with the SDM 
students. With an average age of 35 and typically 10+ years of work experience they represent 
some of the most rewarding but also most challenging students we have at MIT. 

At the undergraduate level I embrace the Conceive-Design-Implement-Operate (CDIO) 
curriculum that has transformed our engineering education in Aero Astro. I believe that systems 
engineering education is most effective when it is not only theoretical, but when it is carefully 
combined with design-build projects. I have contributed to systems projects of this nature in 
Unified Engineering [3.21, 3.22] as well as through a new course, 16.810, on Engineering Design 
and Rapid Prototyping [3.34]. I recently started working with colleagues towards a more 
integrated approach to teaching engineering design at MIT. Possible future initiatives include a 
new state-of-the-art facility for design-build projects10 and the Design@MIT initiative. 

 
An issue I care deeply about is advising and mentoring. I spend a lot of time with my students to 
make sure that their graduate education is of a truly transformative nature. Perhaps the greatest 
honor I received in this respect was the institute-wide 2006 Frank E. Perkins Award for 
Excellence in Graduate Advising. 

  
Service 

 
I believe in helping my community within the Institute and in the professional societies, 
particularly AIAA and INCOSE, by serving in a variety of ways. I was able to help organize a 
number of conferences for AIAA in recent years for which I was recently recognized with an 
outstanding service award. I am an Associate Editor for the Journal of Spacecraft and Rockets 
and the journal Structural and Multidisciplinary Optimization. This activity gives me greater 
insights into the scientific process and has helped refine my own research and writing.  
 
A Vision for Macro-level Engineering 
 
Over the next decades billions of dollars will be invested in infrastructure renewal of vital large-
scale systems. Globalization, technological innovation as well as regulatory, environmental and 
demographic changes drive large uncertainties, which must be reflected by the choice of 
appropriate system architectures and design solutions. A recent NSF workshop on complex 
systems (9/2006) acknowledged the rapidly changing and uncertain exogenous environment as 
an important phenomenon. The following research question was identified as one of the most 
important: “How can architectures enable resilient, adaptive, agile, evolvable systems?”   

Together with my students and colleagues I will continue to address the question of 
evolvability of systems and products over time. In addition to developing methods for designing 
new systems for changeability I want to study in more detail the past evolution of existing 
complex technical systems to understand which ones tended to be stable and which ones 
underwent significant changes and why. Specifically, we recently started to analyze the evolution 
of airline topologies, using graph and network theory and historical data over a 30 year period.  
Thinking deeply about changeability will help us be more proactive about the design of future 
systems, hopefully leading to a more strategic approach to macro-level systems engineering. 
 

“The engineer of 2020 will be faced with myriad challenges, creating offensive and defensive 
solutions at the macro- and microscales in preparation for possible dramatic changes in the world”. 
 

The Engineer of 2020: Visions of Engineering in the New Century 
National Academy of Engineering, (2004), p.24 

                                                 
10 See recent MIT Faculty Newsletter article on this topic: http://web.mit.edu/fnl/volume/192/editorial.html  


