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RESEARCH

My research area is structural and multidisciplinary optimization. In the area of structural optimization, my students
and I investigate diverse applications ranging from the development of algorithms to the experimental validation of
reliability based optimization. The focus of many of these investigations is the design of structures made from
composite materials. The combinatorial nature of the stacking sequence design for composite laminates is
particularly challenging, and has motivated my work in the development of genetic algorithms for this application.

The analysis of aerospace vehicles and other complex systems often requires discrete models with many thousands
or millions of degrees of freedom. A single analysis of such systems may represent large computational cost and
optimization may require many thousands of such analyses. One focus of my group’s research is on using
approximation methods and optimization methods specifically tailored to the application to ease the computational
burden. One major application of these ideas has been to the design optimization of composite laminates. Here we
developed a wide variety of approximation techniques and tailored genetic algorithms, particle swarm optimization,
as well as conventional gradient-based optimization to a variety of problems.

A second focus of our research is on the use of statistical models and statistical models for design optimization. This
includes reliability based design, where systems are designed to have low probabilities of failure. It includes the use
of statistical models for creating robust approximations, such as response surface techniques, which are used to
alleviate the computational burden of optimization. It includes the use of statistical optimization methods that
estimate the probability that a candidate design will be optimal as a basis for making the decision whether to analyze
it or not. Finally, it includes the statistical characterization of errors in optimization algorithms due to poor
functioning of these algorithms.

In the area of multidisciplinary optimization I have focused on combined aerodynamic and structural optimization of
aircraft wings. Applications have included the next generation supersonic transport; the design of a truss braced
transport, and blended wing body transport. In these activities I have been part of research teams in the
multidisciplinary analysis and design (MAD) center at Virginia Tech. Another multidisciplinary program involves
the design of multi-functional thermal protection systems for launch vehicles which carry part of the loads.

I like to work with colleagues, and I attempt to share all of my graduate students with other faculty members or
NASA researchers. This arrangement benefits the students, and it helps me create interactions with and learn from
my colleagues. This interaction results also in joint papers and joint research proposals. Over my 13 years at
Virginia Tech, I have written papers with 8 faculty colleagues in my department and 8 in other departments. At the
University of Florida I have published papers with 6 faculty members. Since 1991 I have also published papers with
10 NASA researchers and colleagues from other many other countries including, Belgium, Denmark, France,
Germany, Israel, Italy, Japan, Netherlands, Poland, South Africa and Turkey.



TEACHING

My major interest in teaching is introducing optimization techniques into the undergraduate curriculum and bringing
them to bear on undergraduate design activities. For this purpose I have introduced into the curriculum 3
undergraduate optimization courses - a general optimization course, a course on experimental optimal engineering
design and a composite structures and material optimization courses. Additionally, I have initiated and collaborated
with colleagues on the introduction of mini-design projects into structures and vibration-and-control courses.

Curriculum Development at the University of Florida

e EGM 6365 Structural Optimization: Developed and introduced this course at Virginia Tech and then at the
university of Florida. Course seeks to introduce students to modern methods for structural design mostly in the
fields of aerospace and civil engineering. Taught first in 1996 as special topics course, and in Fall 1998 as a
regular course. See also course web page at http://mae.ufl.edu/haftka/stropt/.

e EGM 4473 Experimental Optimum Engineering Design: Developed and introduced this course in 1996 as a
special topics course and then as a regular course in 1997. The course seeks to demonstrate to students how both
analytical and experimental techniques are used in the design process. The course is centered around a project.
This innovative course has drawn praise from graduate students in industry who took it as a special topic
course. One of the students in the 1997 course, Terry Siorek, a specialist in hematology instrumentation,
collaborated on a paper describing the project in this year Multidisciplinary Analysis and Optimization
conference. The 1996 project, developed with Dr. Jenkins of AeMES, was described in a paper published in
Structural Optimization in February 1998. A set of notes was developed for the course and made available to
students on the course web page (http:/www.mae.ufl.edu/haftka/eoed).

e EAS 4240 Aerospace Structural Composites: Introduced an optimization segment into the course as a guest
instructor in a two-week segment in order to broaden the design experience of the students. This will be further
expanded in Spring 1999, when I will teach the course out of a newly developed textbook (see below).

e EAS 4200C and EAS 4210C Aerospace Structures 1,2: Introduced mini-design projects for these two
courses, using the remarkable capabilities for optimization now available in commonly available spreadsheet
programs (Microsoft ~ Excel,  Lotus 1-2-3,  Quatro  Pro). See  course  web  pages
(http:/www.mae.ufl.edu/haftka/structures and /haftka/structIl)

PROFESSIONAL ACTIVITIES

I believe that many researchers and industrial practitioners do not have the time to read the large numbers of papers
that are published in their field. I have invested much effort in keeping abreast of the latest development in the areas
of structural and multidisciplinary optimization and I attempt to use this to provide a service to the engineering
community in these fields. I have written a textbook (with Giirdal) which has an extensive list of references, and
which we update regularly. I have written several survey papers, and I review about 30-40 papers per year, mostly
for the AIAA journals. In reviewing papers I always attempt to call the authors attention to related work that they
might have overlooked. I also organized and chaired many sessions in scientific meetings (mostly ATAA).

I was the president of the International Society of Structural and Multidisciplinary Optimization (1995-1999). This
young society (founded by George Rozvany in 1991) has about 400 members, and is concerned with promoting
international research and education in Structural and Multidisciplinary optimization. I continue as a member of the
executive committee of ISSMO.
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