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ABSTRACT

Program failures have plagued the defense and aerospace industry for decades, as unanticipated
cost and schedule overruns have rendered the development of systems ineffective in terms of time
and cost considerations. This raises the need to holistically include performance, cost and
schedule considerations during the early-phase design of systems to perform valuable tradeoftfs
that derive more feasible and affordable solutions. This paradigm is the design for atfordability.

This design for affordability conundrum is targeted at defense and acrospace systems, which have
complex mission requirements and stakcholder involvement that are susceptible to changes and
perturbations over time. Without a systematic framework, the design for affordability process can
potentially become cognitively challenging to system architects and lead to unsatisfactory results.
To resolve affordability, it can first be defined as the property of becoming or remaining feasible
relative to resource needs and resource constraints over time. Affordability can then be treated as
an ility that drives the design of more affordable yet technically sound architectures.

Tradespace-based methods are introduced to drive affordability and incorporate these holistic
considerations into the design process. They facilitate the systematic and disciplined search for
affordable solutions to the system, program and portfolio of interest. Multi-Attribute Tradespace
Exploration (MATE), Epoch-Era Analysis (EEA) and the Multi-Attribute Expense (MAE)
function were modified for affordability analysis. Their feasibility was demonstrated through
application to two design case studies. Results from both case studies demonstrated the dynamic
tradeoffs among performance, cost and schedule parameters. Tradespace-based methods can thus
be applied to the progressive design of systems, programs and portfolios using either a bottom-up
or top-down approach to deliver affordable solutions in these cases.

Affordability is not only an engineering problem; it is also a policy and management problem.
Therefore, affordability can be approached through perspectives beyond engineering design. New
policies and refined management practices can be used alongside tradespace-based methods for
affordability analysis to ensure the continued delivery of affordable systems for the future.

Thesis Supervisor: Dr. Donna H. Rhodes

Title: Principal Research Scientist and Senior Lecturer, Engineering Systems
Director, Systems Engineering Advancement Research Initiative
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Marcus was struggling at this point. He was not on the radar of many prominent scholarship
agencies and his chances worsened with his not-so-idcal experiences in the military. Nonetheless,
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military training, he was surprised to receive a text stating that the Defense Science and
Technology Agency (DSTA) of Singapore had offered him an overseas scholarship. He was
elated and he promptly seized the chance to become a DSTA scholar and pursue life overseas for
a few years. However, there was a little problem. He had to study Electrical and Electronics
Engineering (EEE), instead of his preferred major — Aeronautical Engineering. Nonetheless, he
went ahead with applying to several UK and US colleges and received a number of positive
responses. In the end, he decided to pursue EEE at Imperial College London. He did what any
other naive and excited 19-year-old boy would do — he chose London, not engineering.

As someone who chose to major in a subject not for academic interest but purely to seek
entertainment outside Singapore, Marcus struggled in his first two years at college. He was still
doing well and came in the top 5% for those two years, but there were major incidents in his
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In his senior year at Imperial College London, Marcus finally understood why he chose EEE. He
began to enjoy all his classes and loved how all the topics were interconnected. Although he
excelled again in his final set of undergraduate classes, his big break came through his yearlong
capstone project. He had the fortune of being assigned to one of the best supervisors, who took
him deep into a journey of memristive devices and quantum mechanics. Marcus, when left on his
own, surprisingly began to flourish. He began applying his new knowledge to the development of
analogue electronics and bio-inspired devices. He started developing several software tools to
analyze the non-linear behaviors of these devices and unknowingly became very adept at
programming. He spent day and night working on this project, and he was rewarded with the top
prize for best undergraduate project. For the obstacles he had encountered before, this
achievement was his crowning moment and Marcus once again found himself at his best.

In between, he applied to several US colleges for graduate school. Without harboring a single
strain of hope, he was pleasantly surprised to hear that he was accepted into MIT. He was to
enroll in the Technology and Policy Program, and was about to step away from the world of
nanodevices to confronting broader engineering challenges. He also managed to enroll in the
Department ot Aeronautics and Astronautics to pursue a second, concurrent Masters. Currently,
he hopes to be able to complete all class and thesis requirements in order to graduate. After
which, he is planning to get married in Philadelphia to the love of his life - Ruth Choi.

Marcus will be commencing his work with DSTA back in Singapore by August and he hopes to
be able to apply all he has learnt at MIT to his career and his life. Despite his overly packed
schedule, Marcus still finds time to follow his favorite team Manchester United, watch his
favorite TV shows, listen to music, and spend time with people who matter to him most!
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