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Professional Statement of Olivier L. de Weck

Motivation and Backgrourid

Systems Engineering is my professional passion and reseagub. fl study how complex
systems and products evolve over time and how they can be delypedatgned for
changeability and commonality. Traditionally, customer requirements are gathededhan
frozen to help generate implementable designs. This appears fwdeea approach for systems
of low to moderate complexity. However, for large-scale emging systems such as the ones
critical to our aerospace, energy and manufacturing industries this caadyeesfor failure:

'‘Motorola unveils new concept for global personal ‘Iridium LLC seeks bankruptcy protection
communications: base is constellation of low-orbit ....Iridium has sapped more than $5 billion in
cellular satellites™Motorola Press Release regarding resources from investors world-wide.’

the Iridium Systenlondon, 26 June 1990. Wall Street JournalNew York, 16 August 1999.

The above quotes illustrate the dilemma. Iridium pioneered mobédittatcommunications in

the 1990g2.2]. It achieved many technological breakthroughs. Unfortunately,igsal market
forecasts and chosen capadityg] were confounded by the unexpected success of competing
terrestrial systems. The system’s architecfuis? was technically successful but contributed to
its commercial failure. In essence, the system became “locked” irgm aoinfiguration 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 propagatiother structures,
manufacturing processes and flight-control software added sigmnifcosts to the program. This
experience sparked my interest in systems engineering and inspiredrent cesearch.

Increasingly, complex engineering systems have to accounpddrally unknown future
requirements rather than being designed to a single “optimal” point. Aday is that properties
that are desirable in the long term, such as changeability, azftese short-term performance and
cost penalties. This problem is compounded by the fact that retensy typically exist not in
isolation but as members of product families or ensembles otnsgstThis calls for
standardization and commonality across such systems, but withoutcsigiityf compromising
the performance of individual variants. How can such tradeofgstem design be modeled and
resolved? How can we identify changes that are likely to progagare there generalizable
principles across multiple domains, or must each engineering pitmgetiteated as a unique
undertaking? Therein lays the challenge of my scientific quest.

! Numbers in square brackets, e.g. [2.2], refepezific papers or reports in my list of publication
2 Changeability is the degree to which a systemuratergo modifications in its configuration withdneurring large increases
in its complexity and cost. Flexible systems aesththat exhibit a high degree of changeabilitg][4.
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Research Contributions and Impact

My doctoral research (1999-2001) developed an isoperformance method fog filediigns that
satisfy known performance targgis10’. However, since then | have found that optimizing
some complex systems and products for fixed objectives can be mwadtective. This is the
case when three conditions are present: (i) long lifecyale&arge irreversible investments and
(i) significant requirements uncertaintyloreover, it has been shown that highly optimized
systems are often fragile and/or difficult to chafmg®. Consequently, the core of my research is
now focused on the development of generalizable methods that allow trpoiration of
changeability and commonality considerations during systems atoimgfeand design. My
research tackles real world challengés the domains of aerospace and manufacturing whose
solutions can have a beneficial impact both on scientific theory anldeopractice of systems
engineering. The following paragraphs summarize our contributions to date.

An early result was the development of staged deploymentgasitor satellite constellations

in response to the type of uncertainty that had been experiendadibyn [2.2]. Previous work

had focused only on static constellation optimizat\walker 1971, Adams & Rider 1985pr global

Earth coverage with a minimum number of satellites. We adopteq afkerent approach from

the traditional design method and found optimal evolution paths (Fig.2)sdtellite
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 ESBndl
ESD.36 and are assisting firms such as Space
Systems/Loral in the evaluation of the next generation of

Fig. 2: Staged Deployment of Constellations ~ Satellite constellations (e.g. Iridium Next).

Other significant contributions are a technology infusion methodolog@ssess the risks and
opportunities of incorporating new technologies into products and sy§ta@gSmaling 2005)
ways to systematically embed flexibility in product platforfag3] (Suh 2005) and the largest
published analysis of over 41,000 change requests on an engineering [RIZGE@siffin 2007),
see Fig. 3The time-expanded decision network (TDN) methodolagy] (Silver 2006)is perhaps
the most important and unifying of these contributions. TDN allomslilsition 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. X@sox

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 engingeri

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;> Newerk of changes in radar design [3.95]

3 Based on [3.35], which won a best paper awardea004 INCOSE Systems Engineering conference.
“ As opposed to simplified “toy” problems of mairdgademic interest, séétp://strategic.mit.edéor additional details.
® ESD.71/1.146/2.192/16.861 Engineering Systemsyaisfor Design taught by Prof. R. de Neufville
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Recently, we expanded our collaboration with BP beyond the successfjdct®rand
Engineering Academy. The goal of this research was to developnsistent approach to
standardized solutions in oil & gas exploration systems eithetoags, copies or as bespoke
(optimized) designs. Cloned designs are exactly identical, wbiiées are slightly modified
designs. Working with BP’s director of standardization and their €mné&lodelling and
Development team we helped develop @i€NEsoftware It uses our s-DSM/Invariant Design
Rules method3.75] (Kalligeros 20060 screen facility designs for standardization opportunities.
Initial results suggest that capital and operating expenditavengs of 30%, and project
acceleration of 6 months or more are possible by carefully dagignodularized, partially
standardized facilities. With this work we are contributing to @emnquantitative basis for
strategic decisions during the early project phases known at BP as “Apprais&eéaal’.

In the domain of space logistics, together with JPL, we developeairework for modeling
space exploration missions and campaigns as interplanetary shppig[e.24, 4.18, 3.8%] The
resulting software toolSpaceNethas 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.
SpaceNetllows discrete-event simulation of the flow of vehicles, cred eargo to and from
the Moon and other destinations such as M&paceNehas been able to reduce the typical
evaluation time for lunar campaigns to the order of minutes rdtherthe weeks or months that
were previously required. We have used these models to understaoptithal mix of pre-
positioning, carry-along and resupply flights for a lunar outpost, asaswétl quantify the effects
of system reliability, commonality, and reconfigurability on ugdy needs and system
availability [2.15]. Reconfigurability, the property of a system to easily andrséMg achieve
different configurations, is increasingly being recognized asngortant type of changeability
(Siddigi 2006) In [2.13] we show how reconfigurable systems, such as planetary sufaars, can
be modeled using non-homogeneous Markov chains. One of the mosiger@iments of the
space logistics research was an expedition to the Avdhich | was able to organize and lead in
2005. Its purpose was to learn about exploration logistics on Earth anig tedteand calibrate
our models with data gathered at the Haughton-Mars-Projecbrstati Devon Island. This
project was facilitated by MIT’s Engineering Systemsiglon, bringing together space systems
and terrestrial supply chain researchers towards a common goghinQ research in space
logistics includes the development of contingency strategies ftingledth 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 excellenge@duate systems
engineering education in both Aeronautics and Astronautics assviellthe System Design and
Management (SDM) program. My core couEs®.36(System Project Management) and elective
courseEsD.77/16.888(Multidisciplinary System Design Optimizatidrjave earned me average
instructor ratings of 6.33 and 6.53 out of 7.0, respectively. | achieve yhie\eloping and
applying active learning techniqupss7), carefully balancing lectures, case studies and relevant
homeworks and by constantly refreshing my course materiaks neiv research results. My

® NASA-funded Interplanetary Supply Chain Managensamit Logistics Architectures Project (2005-200@} s
http://spacelogistics.mit.edor additional details.

" SpaceNet 1.4 supports ongoing trade studies atNA%valuate lunar exploration campaigns and waently ranked SLout
of several dozen models and simulations by NAS#eims of its relevance to the Constellation Program

8 Haughton Mars Project, skép://www.marsonearth.ordDevon Island (75N, 89W)

°16.888/ESD.77 is co-taught with my colleague, Pairen Willcox.
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industrial experience and personal energy allow me to work parliguhell with the SDM
students. With an average age of 35 and typically 10+ years of wpekience they represent
some of the most rewarding but also most challenging students we have at MIT.

At the undergraduate level | embrace the Conceive-Design-lneple@perate (CDIO)
curriculum that has transformed our engineering education in Adro.Adelieve that systems
engineering education is most effective when it is not onlgréteal, but when it is carefully
combined with design-build projects. | have contributed to systemscpsopf this nature in
Unified Engineering3.21, 3.22]as well as through a new course, 16.810, on Engineering Design
and Rapid Prototyping3.34]. | recently started working with colleagues towards a more
integrated approach to teaching engineering design at MIT.dRo$siure initiatives include a
new state-of-the-art facility for design-build projéénd the Design@MIT initiative.

An issue | care deeply about is advising and mentoring. | speridatime with my students to
make sure that their graduate education is of a truly transfoenature. Perhaps the greatest
honor | received in this respect was the institute-wide 2006 Frankeikin® Award for
Excellence in Graduate Advising.

Service

| believe in helping my community within the Institute and in the gssibnal societies,

particularly AIAA and INCOSE, by serving in a variety of v8ay was able to help organize a
number of conferences for AIAA in recent years for which | wexently recognized with an

outstanding service award. | am an Associate Editor foddlienal of Spacecraft and Rockets
and the journalStructural and Multidisciplinary OptimizationThis activity gives me greater
insights into the scientific process and has helped refine my own resedrahiing.

A Vision for Macro-level Engineering

Over the next decades billions of dollars will be invested insifuature renewal of vital large-
scale systems. Globalization, technological innovation as wedcagatory, environmental and
demographic changes drive large uncertainties, which must lecteefl by the choice of
appropriate system architectures and design solutions. A recéntwgtkshop on complex
systems (9/2006) acknowledged the rapidly changing and uncertain exogenoosment as
an important phenomenon. The following research question was identifizgeasf the most
important: ‘How can architectures enable resilient, adaptive, agile, evolvable syStems
Together with my students and colleagues | will continue to addtiee question of
evolvability of systems and products over time. In addition to developitigoae for designing
new systems for changeability | want to study in more detail ghst evolution ofexisting
complex technical systems to understand which ones tended to be atdblehich ones
underwent significant changes and why. Specifically, we recentlgdtrtanalyze the evolution
of airline topologies, using graph and network theory and historicalodataa 30 year period.
Thinking deeply about changeability will help us be more proactive aheutlesign of future
systems, hopefully leading to a more strategic approach to macro-leeshsystgineering.

“The engineer of 2020 will be faced with myriad challenges, creatingsiffe and defensive
solutions at the macro- and microscales in preparation for possibletidrah@nges in the world”.

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

10 see recent MIT Faculty Newsletter article on thjsic: http://web.mit.edu/fnl/volume/192/editorial.html
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