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EXCITED about: an Internet Simulation Backbone 
 

Bernie Bettig 
Assistant Professor 
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Need for Advanced Cyber-Simulations 

First-order calculations are useful in Engineering Design because they can provide a basis 
for decision-making when they show that one choice is better than another (Hazelrigg, 2003).  
Unfortunately, these calculations may unwittingly contain assumptions that ultimately affect the 
success of a product or project.  For example, the Tacoma Narrows Bridge collapsed due to wind-
induced vibrations, which were not considered in the original structural analysis (UW Libraries, 
2005).  Similarly, in the Joint Strike Fighter competition the Boeing bid was lost to the Lockheed 
Martin bid primarily because of loss of lift during the low-altitude hover test when hot exhaust 
gases unexpectedly re-circulated into the jet engine intake (Nova, 2003).    

It is not possible for an individual or corporation to have the complete knowledge 
necessary to always avoid these kinds of problems.  These problems can be mitigated by 
gathering teams of experts to collectively evaluate design performance, including creating 
integrated, high-fidelity multi-physics simulations, however, discipline experts are in short supply 
and creating the types of systems of systems simulations needed is a colossal effort leading to 
monolithic software that can take years to develop and validate.  The cyber-infrastructure presents 
a unique opportunity to realize distributed knowledge-based predictive simulation technology that 
can be used to avoid these problems. 
Coupling Discipline Knowledge with Simulation Software  

  The envisioned Internet Simulation Backbone, shown on the next page, provides an 
infrastructure to link designers and analysts to databases for storing designs and simulation 
scenarios, to simulation software, and to computational processors.  Much of the required 
technology is already available or being developed, however we see the key to the infrastructure 
being almost completely ignored.  The key to this infrastructure is having discipline knowledge 
coupled with simulation software components; knowledge about when the theoretical and 
computational models implemented by the software are applicable to the simulation.  The vision 
is that this knowledge, developed by experts, would enable dynamic, reliable, automated 
composition of CORRECT performance simulations, thus solving the problems described in the 
first section. 
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Web-services and Global Design and Manufacturing 
 

Moon Jung Chung 
Professor 

Department of Computer Science and Engineering 
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Facing rapidly emerging and changing technologies as well as an increasingly 
competitive global market, companies must maintain their advantages in core technology. 
This requires companies to outsource certain parts and services to their suppliers around 
the world. In such an environment, companies need to collaborate and use each others’ 
services to design, manufacture and assemble complex products. They also and provide 
services to their customers.  

To meet such future global design and manufacturing, a new research initiative is 
necessary which uses new information technology. 

1. To find design intents in a geographically distributed design and manufacturing. 
Understanding the social aspects of engineering design, which underline these dynamic 
socio-technical interactions is critical. Developing such an understanding has become an 
urgent task as the speed and frequency of human interactions and societal changes have 
been greatly amplified by the internet revolution.   

2. To develop a basis for ontology to represent knowledge of design and processes. 
For distributed design and manufacturing, the ontology should include requirements, 
constraints, components (structures), functionality, assembly, mapping of functionality to 
structure, and manufacturing process concepts.   

3. To develop methodologies, tools, and systems that facilitate the collaborations in a 
collaborative distributed design and manufacturing environment. 
A cyber infrastructure is necessary which utilize the process and design information to 
search collaborating partners, to configure the processes, and to orchestrate the processes 
using ontology based Web-services. Intelligent software agents will be applied to 
implement the collaboration among product development teams and coordination of 
product development activities and services.  
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Cyber Infrastructure and Design 

Complexity Representation and Design Networks 
 

Georges Fadel 
Professor 

Department of Mechanical Engineering 
Clemson University 

 
 

As designs are becoming more and more complex, the ability to consider all relevant 
integration aspects during the development phase is no longer a possibility.  Traditional 
approaches have focused on considering only the major functions of a design. Interaction 
issues due to functionality, to affordances, to geometry, to production and to electronic 
integration have been treated in an iterative and ad-hoc manner: designs were produced 
and then improved when weaknesses surfaced during usage.  The information related to 
these interactions can be represented as multiple complex networks that are superimposed 
and thus does not allow decomposition and treatment of problems in the traditional 
hierarchical manner.  Thus, in order to better design a complex product such as a car a 
plane, a family of products, it is not possible within today’s computing capabilities and 
information infrastructure to show designers much more than the geometric and bill of 
material information.  
 
A CI-related research theme would consider widening the informational description of a 
complex product, and allow computational agents to flag significant interactions to assist 
the designer.  Instead of focusing on the individual components and their functions, 
additional network based systems could represent the interaction issues and through 
simulation, assist the designers.  Such systems would have to be developed to take 
advantage of computer networks to simulate the interaction issues and provide only 
relevant and timely information.  It could be also foreseen that with significant 
development of such networks, emergent behavior may lead to methods and approaches 
to support the design of complex systems. 
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A Cyberinfrastructure for Design Optimization 
 

Robert Fourer 
Professor 

Department of Industrial Engineering and Management Sciences 
Northwestern University 

 
Many design problems have the form of an optimization: finding a design that is exactly 
or approximately the cheapest, fastest, or best according to some tradeoff of criteria. The 
technology for solving these complex problems has been termed multidisciplinary 
optimization, because it requires varied optimization techniques to be applied along with 
methods in simulation, data retrieval, and other areas. Amassing and interconnecting the 
needed resources is necessarily a considerable challenge, particularly in optimization 
where there are a great number of modeling languages, solvers, and analysis tools that 
potentially interconnect in many ways. As a result, successful interdisciplinary 
optimization has been limited to situations — such as microprocessor or aircraft design 
— in which huge resources can be devoted to custom-designed optimization systems. 
 
Software-based cyberinfrastructure holds the key to making multidisciplinary design 
optimization much more broadly available. The NEOS Server (www-neos.mcs.anl.gov) 
has acted as a prototype in this area, bringing together a hodge-podge of over 40 solvers 
and several modeling interfaces into a resource that is used worldwide. NEOS mainly 
addresses one optimization task at a time, however, whereas design optimization requires 
interconnections between series of tasks. These interconnections are beginning to be 
addressed through a broader framework called optimization services. 
 
The optimization services approach will provide a true optimization cyberinfrastructure 
by addressing the transfer of information between multiple optimization and other 
software tools. Connections will be made via XML-based standards comparable to those 
that are coming into use throughout the Internet. Resources will be decentralized and 
indexed in depositories whose operation also conforms to Web standards. When fully 
operational, the optimization services cyberinfrastructure will make the benefits of 
interdisciplinary design optimization much more readily accessible to researchers and to 
designers in companies of all sizes. 
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Next Generation Product Information Management 
 

S.K. Gupta 
Associate Professor 

Mechanical Engineering Department and Institute for Systems Research 
University of Maryland 

 
The presence of the Internet and intranets has created an unprecedented opportunity for 
sharing information across projects and organizations to improve the product 
development process. However, existing software systems for electromechanical design 
only store the final design, and all intermediate information generated during the design 
process is lost. This intermediate information, however, is quite valuable in 
understanding the thought process through which the initial requirements are transformed 
into the final design. The loss of information prevents efficient utilization of previous 
design information in subsequent design projects. Even if some design information is 
archived, existing software systems do not provide an efficient means to search through 
the archived information. These shortcomings lead to the following problems. First, it is 
very difficult to retrieve and reuse existing designs in new projects. Second, often new 
members of a design team find it difficult to understand the rationale behind decisions 
that were made in past. Third, often alternatives that were tried before and rejected are 
tried again, because designers are unable to access lessons learned in the previous design 
projects.  
 
The next generation product information system will need to address the following three 
needs. First, it will need to capture all the relevant information being generated during the 
design process in a computer-interpretable form. This capability will assist in eliminating 
information loss from the design process. Second, it will need to provide fully 
interconnected information models. This capability will ensure that a complete and 
accurate rationale can be provided behind every design decision. Third, it will need to 
offer comprehensive modes of searching and retrieving design information in an intuitive 
and convenient manner. By supporting function-based queries, geometry-based queries, 
and rationale-based queries the next generation information management system should 
offer maximum flexibility and power to the designers to meet their diverse needs. 
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Engineering Design & Cyber-Infrastructure Workshop,  
Feb. 28 – March 1, 2005 

Caroline Hayes 
Professor 

Graduate Program in Industrial Engineering 
Department of Mechanical Engineering 

University of Minnesota 
 

a) An engineering design problem that cannot be solved with today’s information 
infrastructure (250 words). 
      Some of the largest current and future challenges in engineering design include the 
need to span distance and disciplines effectively.   These challenges arise from continuing 
trends towards increasingly distributed international organizations, and more complex 
products.     Design of more complex products requires a wider range and a larger number 
of disciplinary experts to participate in the design process.   These disciplinary experts 
may be located at many different geographic sites, for example manufacturing experts 
may be located over seas from other members of the design team.   Ideally, one would 
collect all stakeholders in the design process into a single room to conduct design work.  
However, this is not only expensive but infeasible for very large teams which have now 
become commonplace.  
      Unfortunately, under current technological, organizational and cultural infrastructure, 
it is very difficult conduct design processes effectively when team members are widely 
distributed; it increases projects costs, durations, and may result in compromises to 
product quality.  New approaches are needed; however, solutions will probably not be 
purely technological but instead will require a combination of human organizational, 
methodological, technical and educational approaches.  In order to improve current 
distributed, cross-disciplinary design processes we need to view them as joint 
organizational-socio-technical systems for which effectiveness results from a confluence 
of many interrelated factors.   Given my long-term cross-disciplinary background and 
research in the areas of engineering design, human-computer interaction, and intelligent 
systems, I feel that I am uniquely positioned to help the National Science Foundation to 
explore research needs in cyber-infrastructure for engineering design. 
 
b) Projected CI related research themes within engineering design. 
Human-centered design support tools,   systems-oriented design approaches, design 
“situation awareness.” 
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The Global Innovation and Design Network 

 
Mark Henderson 

Professor 
Department of Industrial Engineering 

Arizona State University 
 

 
 
Rapid product development (RPD) and rapid product manufacturing (RPM) have the 
potential to help developing countries solve social and technical problems.  The barriers 
to implement this on a global scale are 1) the limit on access to global knowledge and 2) 
the unavailability locally of design tools such as prototyping facilities and real-time 
communication and virtual training.   
 
A microcosm of this problem and its solution is the Center for Appropriate Technology in 
the Australian outback which creates design solutions such as hand-operated washing 
machines made from discarded shipping containers for Aboriginal villages in which there 
is no running water or electricity.   
 
Imagine extending this into a Global Innovation and Design Network (GIDN) in which 
the global expert team partnering with the local team develops solutions suited to the 
local needs, economy, resources and skills and provides the local team with a prototyping 
machine to test the design iterations.  The prototype machines could also be used to 
create prototypes of the manufacturing tools.  And, the prototype manufacturing 
machines could produce more machines, etc., similar to creating “robots to create more 
robots”, but on a much simpler scale. 
 
And, imagine that this were in place before the tsunami hit.  The GIDN could help the 
hundreds of local teams build water purifiers and rapidly deployed housing by using 
existing cyberinfrastructure to guide them and use local resources as much as possible.   
 
The extension of this idea can be used anywhere in the world where real needs exist.  
Furthermore, a big advantage is that the local teams join in the problem solving and learn 
how to continue to improve conditions on their own. 
 
The cyberinfrastructure research themes are:   

• Make real-time multi-point remote visual, voice and interactive communication 
ubiquitous especially in developing locations 

• Develop “drop into place” product prototyping facilities and design tools 
• Create reconfigurable design team networks of global experts and local 

implementers 
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Meeting the Expectations of the Next Generation Engineering Design Community 
 

Sankar Jayaraman 
Professor 

School of Mechanical and Materials Engineering 
Washington State University 

 
We can use today’s computers and networks to perform engineering design tasks that 
were unthinkable 10 years ago.  However, engineers and managers still feel that the full 
potential of computers and the internet have not been tapped.  The next generation of 
engineers will expect to be able to interact with a product model as if the real product was 
in front of them, evaluate the product as if the product itself knew all answers to 
questions regarding the capabilities and limitations of the product, and collaborate with 
their colleagues as if everyone was in the same place at the same time.  Although 
incremental efforts are being made toward these goals, new and innovative approaches in 
the following areas are necessary: 
 Complete product model – not just the geometry, analysis data, and manufacturing 
information, but complete performance and validity knowledge and evaluation 
capability based on desired functionality and requirements. 
 Multi-simultaneous-users product development software systems – next generation 
systems that allow multiple, distributed, simultaneous users to collaboratively work 
on the same product model at the same time. 
 Functionality integration of engineering software systems – interoperability and 
integration between engineering software design systems is currently defined as data 
interoperability.  True software integration will require shared functionality – i.e. 
software systems have an open, standardized architecture for full plug and play 
capability of all the functionalities of the individual systems.  
 Interaction paradigms – we do not point and click on real world objects or people.  
Engineering software systems (and most other software systems too) rely on archaic 
interaction methods.  The next generation of engineering design tools will allow 
natural interaction between engineers in a collaborative environment, between 
engineers and virtual objects, and between objects themselves. 
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CI in Engineering Design  
 

Sundar Krishnamurty  
Associate Professor 

Department of Mechanical & Industrial Engineering 
University of Massachusetts-Amherst  

 
The importance and impact of engineering design to invention and economic well-being cannot 
be overstated. However, advanced technologies and support to improve the process of design 
continues to remain modest in comparison to the advancements in the field of information 
technology. The consequences can be particularly alarming since next-generation engineering 
design environments will be paradigmatic examples of complex, distributed systems integrating 
computing, networking and information management, requiring integration and seamless transfer 
of information of data and models. As a result, it may not be sufficient to find an answer to an 
engineering design or product realization problem or application that cannot be solved using 
state-of-the-art computing capabilities and information infrastructure. Instead, what is needed is a 
new paradigm for engineering design that can address next-generation engineering design 
environments requiring a national and international, reliable and dynamic, interoperable and 
integrated system of hardware, software, and data resources and services. Therefore, it can be 
argued that engineering design in today’s competitive, distributed, global environment 
necessitates, and in turn will greatly benefit from, the use of Cyber-Infrastructure (CI) that can 
form the computational basis for supporting and shaping future predictive product realization of 
complex systems and processes.  
 
CI in engineering design will require a research agenda that focuses on “innovative approaches to 
the integration of data, models, communications, analysis and/or control systems” and 
“integration of computing, networking, human-computer interfaces and information management 
to support reliable, complex, distributed systems” (NSF/TR program). Such a research agenda 
will be able to take full advantage of the advancements in computing capabilities and information 
infrastructure. It will lead to a design framework where software agents, tools, and humans can 
easily exchange and reason about domain knowledge related to various design and product 
realization activities, as opposed to the mere exchange and integration of low-level data that 
currently exists in engineering design systems. From a broader perspective, such an agenda will 
dramatically improve the efficiency of our design and manufacturing practices. Along these lines, 
our interdisciplinary team at UMass-Amherst, in collaboration with the University of Pittsburgh 
and other partner Universities, has been working on a National Science Foundation 
Industry/University Cooperative Research Center (NSF I/UCRC) for e-Design and Realization of 
Engineering Products & Systems. Its mission is to serve as a center of excellence in IT-enabled 
design and realization of discrete manufactured products by envisioning that information is the 
lifeblood of an enterprise, and that collaboration is the hallmark to seamlessly integrate design, 
development, testing, manufacturing, and servicing of products around the world.  
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Digital Sensors in the Cyber-Infrastructure  
 
 

Andrew Kusiak 
Professor 

Department of Industrial Engineering 
University of Iowa 

 
The degree of products autonomy is expected to increase in the future. Many products will have 
built-in capabilities to reconfigure and repair themselves.  This increased level of autonomy calls 
for a wide range of data distributed in space and time. A powerful computer infrastructure is 
needed to store, retrieve, and build models in support of product intelligence and autonomy.  The 
latter leads to the development of computing solutions for processing large volumes of data that 
may require significant computing resources. The predictive models extracted from the data will 
allow anticipating undesirable events, preventing events from occurring, taking preventive 
actions, and optimizing products and processes in a large solution space. 
 
In essence, many products of the future will act as intelligent systems. A meaningful way to 
delivering this “intelligence” will be through digital sensors using data from various sources, e.g., 
a driving advisory system using wind and weather conditions from public sources. 
Digital sensors for autonomous control will integrate the existing sensor science, data mining, and 
wavelet theory into a general framework for predictive modeling. Such sensors will be applicable 
across numerous areas of engineering, basic science, new products (e.g., homeland security 
sensor suites, home care systems), and services.  

Example of a new product: An autonomous window 
Imagine a window designed for maximum comfort of a user and maximal energy savings.  Such a 
window would have to work at different geographic zones with wide ranges of atmospheric 
conditions. Different users (homeowners, office workers) could have different preferences as 
individuals and as groups.   
The window would need to be controlled by a smart digital sensor (controller) adjusting 
the shades to maximize energy savings and comfort level subject to a variety of 
constraints, e.g., user preferences, glare, internal light intensity, external atmospheric 
conditions, and so on. For the autonomous widow to work, the data to build a real-time 
controller would have to be imported from a cyber-infrastructure.      
 
A projected CI-related research themes within engineering design 

• Digital sensors 
• Digital controllers drawing on parameters distributed space and time 
• Product configuration management 
• Integrated products and services  
• Data-driven innovation 
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NSF-Digital Library Award ABSTRACT 
Larry Leifer 

Professor  
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The design and development of new products for the global marketplace requires engineers to 
perform in internationally situated teams. Modern communication technologies such as virtual 
environments, digital libraries, shared workspaces, video and audio conferencing and email are 
increasingly being used to enhance performance by supporting information creation and sharing. 
Therefore, in higher education, it is necessary for design engineering students to learn to work in 
distributed teams by utilizing cutting edge information management technologies. High 
performance design engineering teams are composed of autonomous learners, who can 
independently determine and pursue their learning goals and content. The nature of design 
activity requires them to act that way; designing is context dependent and open-ended, and 
therefore, does not revolve around a specific body of information or knowledge. This poses a 
problem for design education since teachers cannot predict what students will decide to learn. 
Coaching, rather than didactic teaching, has proved to be effective in addressing that problem. 
Expert coaches guide and facilitate rather than try to specify what information should be used. 
 
  An educational paradigm shift from didactic teaching to coaching requires students to have 
access to as wide a range of information as possible. In most cases, much of that information lies 
outside the students' immediate domain. Digital libraries provide an excellent opportunity for 
extending the range of information available to design students. However, as discussed by Currier 
et al [Currier 2001], digital libraries bring their own problems for all stakeholders including 
library staff, teachers and learners. Previous experiments conducted by Strathclyde [Sclater 2001]    
have shown that virtual studio environments, discussion fora and synchronous chat facilities can 
aid communication between design engineers. However the same study also shows that barriers 
of culture, discipline, distance, network and technology may prevent successful use of ICT. In a 
separate investigation by Stanford [Eris 2002] the important role that expert coaches play in 
facilitating the successful adoption of new technologies by design teams, and the three key 
learning mechanisms within design activity through which knowledge acquisition takes place 
have been identified. 
 
The goal of the project outlined in this proposal is to enhance student learning opportunities by 
enabling them to partake in global, team based design engineering projects, in which they directly 
experience different cultural contexts and access a variety of digital information sources via a 
range of appropriate technology. To achieve this goal the project will deliver on the following 
objectives: 
1. Teach engineering information retrieval, manipulation, and archiving skills to 
        students studying on engineering degree programs. 
2. Measure the use of those skills in design projects in all years of an 
        undergraduate degree program. 
3. Measure the learning performance in engineering design courses affected by the provision 
        of access to information that would have been otherwise difficult to access. 
4. Measure student-learning performance in different cultural contexts that influence 
        the use of alternative sources of information and varying forms of 
        Information and Communications Technology. 
5. Develop and provide workshops for staff development. 
6. Apply the measurement results to the annual redesign of course content and 
        the digital libraries technology. 
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An engineering design or product realization problem or application that cannot be 
solved using today’s computing capabilities and information infrastructure 

 
MING C. LIN 

Professor 
Department of Computer Science 

University of North Carolina, Chapel Hill 
 
Recent advances of information science and technology have led to tremendous progress 
in technology and cyberinfrastructure for engineering design and manufacturing, 
including computer aided design and manufacturing (CAD/CAM), the introduction of 
Internet, and the invention of the World Wide Web.  Information sciences and technology 
has practically "digitized" the way we do engineering design and manufacturing 
and led to numerous industrial innovations otherwise not possible. 
 
Because computing technology is now more widely accepted and practically a part of our 
daily life, we are seeing increasing adoption of "computerized design" and "virtual 
prototyping" of all products, systems, and man-made structures.   However, at the same 
time, we are experiencing the technology hitting a plateau:  (1) the existing computational 
approaches (formal models, representations, algorithms, numerical methods, simulation 
techniques, etc.) do not scale well to larger-size problems or problems spanning multiple 
scales; (2) different subcomponents often cannot be integrated in silico to form a 
complete system due to data format compatibility and other interoperability issues; (3) 
the human-system interaction is often limited and unnatural, which makes data analysis 
and product testing difficult and cumbersome; (4) existing cyberinfrastructure, including 
network support, computing grids, data storage and analysis systems, modeling and 
visualization techniques, are unable to cope with the rapidly growing demands of 
different engineering applications. 
 
These problems require new cyberinfrastructure and technological advancements that 
must be addressed in the immediate horizon. 
They include: 
(a) Computational Methodologies 
(b) Science of Integration 
(c) Human-System Interaction 
(d) Software and Physical Infrastructure 
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Cyber-Infrastructure for Machine Synthesis 
 

J. Michael McCarthy 
Professor 

Department of Mechanical Engineering 
University of California, Irvine 

 
 

A machine transforms power into action, generating prescribed movement and applying 
desired forces.  It is possible to model the movement of machine components as curves 
and surfaces in higher dimensional spaces and to determine critical dimensions by 
directly manipulating these geometric entities.  Most machines are designed to move in a 
plane consisting of one dimension of rotation and two of translation, and the two degree 
of freedom articulated chains, RR, RP, PR and PP, that define the skeleton of these 
machines define surfaces in this three dimensional space—R denotes a hinged joint and P 
a sliding joint.  Machines such a robots, motion platforms, assembly systems, vehicle 
suspensions, and steering linkages move in three dimensional space and are defined by 
manifolds in a six dimensional space with three rotational and three translational 
dimensions.  Over 50 serial chain primitives are available for the skeleton of these 
devices, not counting permutations.  Construction of computer aided design tools to allow 
manipulation of these manifolds to design new devices is a fundamental challenge to 
geometric computation and visualization that can be shown to exceed all current 
capabilities.  Large scale collaboration with significant computational infrastructure is 
critical to exploiting this new mathematical capability for machine synthesis. 
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CyberInfrastructure for Radiation Treatment Planning Optimization 
 

Robert R. Meyer 
Professor 

Computer Sciences Department 
University of Wisconsin-Madison 

 
The Interdisciplinary Center for Radiation Treatment Planning is funded by a DMII SEE 
grant (on which I am a co-PI) to develop an internet-based center that will provide an 
infrastructure for the development, coordination, dissemination, and application of 
optimization methods for radiation treatment planning (RTP) for cancer therapy. This 
cyberinfrastructure will contribute to the field of RTP in several critical areas. First, while 
there are many research groups considering RTP optimization, there is no standard set of 
benchmark problems or performance evaluation tools, so our web site will provide a data 
repository of difficult  clinical test problems and a system of plan comparators. Secondly, 
currently available commercial RTP software is difficult to use and often requires expert 
tuning and post-processing to obtain usable treatment plans. The RTP systems available 
on our web site will be fully automated and will generate and compare a variety of 
treatment options, thus serving not only academic researchers, but also clinicians and 
software developers, and will therefore accelerate technology transfer between academic 
research and practical clinical usage. This aspect of the research was motivated in part by 
the NEOS project of Argonne National Laboratories, which provides a CI for web-based 
solution of a variety of optimization problems, but does not provide an RTP-focused 
interface or mechanisms for generating families of solutions for the multi-criteria 
problems arising from RTP. Finally, RTP optimization problems are large-scale and are 
difficult to solve within the time constraints imposed by clinical needs. The infrastructure 
will thus allow researchers worldwide to exploit via the web our optimization tools and 
the Condor distributed high-throughput computing environment (originally developed at 
University of Wisconsin-Madison twenty years ago, and now widely used in scientific 
and engineering computing across the world) in order to simultaneously evaluate many 
modeling, algorithmic, and treatment alternatives within an acceptable computational 
turnaround time. 
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When 2+2 < 4 : Issues in Automatic 
Composition of Simulations 

 
Nilufer Onder 

Assistant Professor 
Computer Science 

Michigan Technological University 
 

Advances in simulation-based design have enabled complete virtual prototyping 
of products. This success can be attributed to advances in CAD/CAM and 
simulation software, and the speed up of computers. A virtual prototype requires 
the composition of several simulators; forming an effective composition requires 
human intelligence. The selection of the simulation models and their software 
implementation has remained unautomated for two main reasons: 
 
1. Research is needed to determine the attributes necessary to enable 
information sharing among simulator domain experts and designers. In order to 
facilitate sharing and automatic selection over the Internet, simulation software 
needs to be appropriately labeled with attributes such as the type of inputs 
required and the type, quality, and cost of the results. 
 
2. When two or more simulators interact, the quality of the combined results 
might be less than the quality provided by the individual components. Research 
is needed to identify the most cost-effective method of information sharing 
between the simulators, e.g., how to model a duct connecting a simulated 
furnace and a simulation of air flow in a room to prototype a house with forced air 
heating.  
 
Dr. Onder and her colleagues have investigated artificial intelligence planning 
techniques to effectively form useful composite simulators. Existing knowledge 
representation and algorithmic techniques for dealing with composite objects 
operate under the assumption of a fixed, predefined interface between 
components. This constraint makes it it impossible to compose simulations in 
cyberspace. Collaborative research in engineering design and computer science 
will be crucial in viewing the use of the cyber-infrastructure for automatic 
composition of simulations from different levels of abstraction. 
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DYNAMIC DISTRIBUTED MULTILEVEL ARCHITECTURES IN  
PRODUCT DEVELOPMENT 

 
Panos Papalambros 

Professor 
Department of Mechanical Engineering 

University of Michigan-Ann Arbor. 
 
Much work in multilevel, distributed design optimization strategies for product 
development assumes that the hierarchy or structure of the organization is static. This is 
of course not the case. When structures change, for example, by adding or removing tree 
branches in a given architecture, theoretical and practical problems arise. Mapping an 
architecture to a web services environment has significant appeal both for communication 
and for generation and storage of modeling information.  A cyber-infrastructure is critical 
in accomplishing a practical environment for product development that is truly based on 
the dynamic exchange and coordination of diverse design analysis and synthesis tools in 
distributed product development. 
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EXCITED:  Exchanging Cyber-Infrastructure Themes 
 in Engineering Design 

Chris Paredis 
Assistant Professor 

G.W. Woodruff  School of Mechanical Engineering 
Georgia Institute of Technology  

Unsolvable engineering design problem: 
The design of the next generation space systems is faced with demands for additional 
functionality at low cost while still maintaining high levels of reliability.  Satisfying these 
demands is beyond the current state of the art.  The requirement for low-cost 
development implies the use of modeling and simulation as the primary tools for design 
optimization and validation.  However, we currently do not have the ability to formulate 
predictive models that are adequate for supporting design decisions.  This leads to the 
following research question: 

How should one discover, formalize, catalogue, retrieve and apply knowledge in an 
efficient fashion, resulting in accurate information in support of product development 
decisions? 

Research themes addressing the question above: 
An important emphasis of future Cyber-Infrastructure research should be on knowledge 
management: 

• How can our knowledge be formalized such that it becomes shareable and 
reusable?  Currently, there exist a wide variety of mathematical formalisms in 
which our knowledge can be expressed (e.g. ODEs, Petri nets, rule bases, etc.), 
but these formalizations or models do not capture much of the implicit knowledge 
that is needed to (re)use them correctly:  When is the model applicable?  How 
accurate is the model?  Is the model valid for my particular need? 

• How can one quickly formulate “new” models?  In engineering design, one rarely 
formulates a new model from scratch.  At the very least, one relies on the laws of 
physics (models previously defined and validated by physicists) and apply these 
in the context of a new system.  Creating “new” models really means: using 
existing model chunks and composing these chunks into a structure reflecting the 
new system being developed.  In order to formulate models efficiently, further 
study is necessary to understand the nature and limitations of this model 
composition process. 

• Which simulations should be performed when?  Assuming that our knowledge 
has been formalized in models that can be simulated to support our design 
decisions, one is still faced with the question of which simulation gives us the 
most value?  Simulations are not free — on the contrary, very detailed models 
may require days of supercomputer time.  In addition, not all simulations provide 
the same value of information in support of a particular design decision.  Given 
only limited resources, one should carefully weigh which simulation provides the 
most bang for the buck. 
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Research Area: Design for Facility: Product designs to fit existing 
manufacturing facilities capabilities, spread all over the globe. 

Khurshid A. Qureshi, PhD 
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Powertrain Eng. & IT Solutions 
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Factors driving the research. 

 
1) Trends towards outsourcing manufacturing to keep fixed cost low and to still keep 

designs in-house (intellectual property). 
2) Increasing globalization, manufacturing faculties located all over the globe. 
3) Need to search for lowest cost manufacturers just to stay competitive 
4) More informed and demanding consumers than ever and fierce competition is 

making it difficult to predict volumes and consequently making it difficult for 
companies to invest in costly dedicated manufacturing facilities, which require 
several years to pay-off. 

5) Over capacity/underutilized manufacturing facilities 
6) Trend towards setting up flexible manufacturing facilities   

 
In majority of industries due to several factors as discussed above, there is a growing 
need to design products according to capabilities and capacities of existing manufacturing 
facilities. What that means is that there need to be a mechanism to evaluate/validate the 
designs against the capabilities and capacities of existing manufacturing facilities in real 
time during the design process. This capability is particularly needed during the upfront 
phases of the design, where one has more flexibility to adapt the design to capabilities of 
existing facilities. Since there is more and more trend towards outsourcing 
manufacturing, facilities might be located all over the globe. There is a strong need for 
manufacturing industry to come up with standards and distributed infrastructure to 
represent their capabilities and capacities in some neutral format, so that it can be 
accessed by the design community online over the internet for the purpose of evaluation 
of the designs, submitted online. 
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Knowledge management in engineering design has received considerable 
attention in the past several years.  Industry has recognized the importance of capturing 
design information beyond the geometry of traditional CAD systems.  Software providers 
have responded with document management systems that allow designers to attach 
textual information to CAD files in an effort to capture more of the design intent.  To 
date, commercial software has: (1) addressed project management tasks, such as global 
team scheduling and document management; (2) enhanced search capabilities for the 
World Wide Web and Intranets; and (3) translated popular design planning tools into 
electronic formats that can easily stored and integrated with other information. 
Researchers are advancing more intelligent technologies for the capture, storage and 
retrieval of design information, among them is the employment of the semantic web.  It is 
clear, however, that a significant challenge for adoption of these technologies involves 
the promotion of user compliance.  It can not be expected that users will enter 
information into databases with prescribed data structures.  Industry cannot afford the 
dedicated services of such knowledge engineers.  Clearly, development of such systems 
must consider techniques for enhancing compliance by designers to capture design 
information to promote adoption.  Therefore, research must be conducted to better 
understand the factors that influence user compliance with adoption of these 
technologies.  Such research must include user-friendly design interfaces as a minimum.  
But must also examine how such technologies impact a shift in the cultural norms of the 
design enterprise.  Development of next generation cyber-infrastructure systems will 
have to include consideration of techniques for enhancing user compliance for system 
adoption. 
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Contemporary engineering design practice spans the fuzzy front-end of design 
(information such as customer needs and other high level requirements) through concept 
generation to selection and embodiment of a design (including information such as part 
models, prototypes and manufacturing processes).  The type of information necessary to 
support these activities is as varied as the activities themselves.   
Additionally, a large amount of engineering data must be reviewed and evaluated to 
support successful concept generation, selection and embodiment phases of design. 
Thus, the practice of engineering design  including the need for varied data types and 
large amounts of data  presents ongoing challenges for representing, storing, sharing, and 
retrieving large volumes of heterogeneous design related data.  Typically in design 
practice, engineers perform their tasks using numerous tools and resources that generally 
do not exhibit a high degree of information integration due to various differences and 
inconsistencies associated with how data is represented, stored, referenced, etc.  There is 
a clear need to identify the fundamental types of design information needed and to 
integrate that design information given that design tasks are driven by a demand for 
finding, manipulating, and communicating relevant design data in a timely and cost-
effective manner. 
 
CI themes: 
Definition of fundamental engineering design data types to support synthesis/analysis 
activities;  Open standard for sharing design data repositories 
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A Cyber-Infrastructure Supported Computer-Aided Tissue Engineering 
Wei Sun 

Associate Professor 
Department of Mechanical Engineering and Mechanics  
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The revolution in biological sciences and bioengineering has created an environment in which the 
advances in the life sciences are not only amenable to, but require, the active participation of 
engineering design and manufacturing. This revolution, along with the advancements of 
engineering design, manufacturing, biomaterials, biology and biomedicine have emerged a new 
interdisciplinary field of Computer-Aided Tissue Engineering (CATE). Recent developments in 
this include: 1) computer-aided tissue modeling for 3D tissue and anatomic system and surgical 
planning and simulation; 2) computer-aided tissue scaffold informatics and biomimetic design of 
tissue replacements; and 3) bio-manufacturing of tissue scaffolds and bioactive tissue precursors 
[1-3]. Research and development in CATE has been sponsored by NSF through: NSF-ITR for 
National Priorities (NSF-DMII-0427216, “Computer-Aided Tissue Engineering”), NSF-ITR 
(NSF-DMII-0219176: "Representation and Design of Heterogeneous Structures”), NSF/DARPA 
(NSF-0310619: "CRAGO-Accuracy and Stability of Computational Representations of Swept 
Volume Operations,”  and NSF-CRCD (NSF-9980298: "Combined Research and Curriculum 
Development in Tissue Engineering”).  

Computer-Aided Tissue Engineering enables the application of advanced computer-aided 
technologies and engineering principles to derive systematic solutions for complex tissue 
engineering problems. Central to CATE is its ability to represent pertinent tissue biological, 
biomechanical, and biochemical information as informatics models, such as tissue informatics 
model, scaffold informatics model and design informatics model at different settings of medical 
imaging process, biomimetic design, and bio-manufacturing, for example, a clinical setting for 
medical imaging, an academic setting for biomimetic design and an industrial setting for bio-
manufacturing. Because of the large size of patient modality data, complicated scaffold models, 
and sophisticated graphics for tissue details, there is a difficulty to conduct an efficient 
communication and interface between the tissue representations, scaffold design and fabrication 
among physicians, designers and manufacturers. A Cyber-Infrastructure can help to overcome 
this inefficacy.  A Cyber-Infrastructure can effectively interface multiple informatics model in the 
process of representation, design and manufacturing of tissue products, enables the integration of 
segmental settings to promote real-time design, design modification and virtual manufacturing of 
tissue replacements between physicians, designers, and manufactures, and help physicians to 
conduct virtual surgeries and surgical planning.  
 
Selected References:  

1. Sun, W., Darling, A., Starly, B, Nam, J., “Computer-Aided Tissue Engineering: 
Overview, scope and challenges”, Biotechnology and Applied Biochemistry, Vol. 39, 
Issue 1, 2004, pp. 29-47. 

2. Sun, W., Starly B, Darling, A., Gomez, C., “Computer-Aided Tissue Engineering: 
Application to biomimetic modeling and design of tissue scaffolds”, Biotechnology and 
Applied Biochemistry, Vol. 39, Issue 1, 2004, pp. 49-58 

3. Sun, W. and Lal, P., “Recent development on computer-aided tissue engineering – a 
review”, Journal of Computer Methods and Programs in Biomedicine, Vol. 67 (2), 2002, 
pp. 85-103.  
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1. An engineering design or product realization problem or application that cannot 
be solved using today’s computing capabilities and information infrastructure 

 
Discrete product manufacturers are under pressure from customers (and the market) to 
move away from the traditional make-to-stock production model to a build-to-demand 
model. Many customers are demanding customization and rapid delivery of innovative 
products. These market pressures are impacting the three key elements of 
competitiveness: time to market, cost, and quality. Today’s CAD/CAE systems do not 
accommodate conceptual design, direct imposition of multi-disciplinary preferences and 
constraints such as functionality, manufacturability, safety, and ergonomics; material 
against which such products should naturally be tested. Existing systems require that a 
product developer possess design analysis tools in-house, making it impractical to 
employ all the needed and newest tools. While view and edit functions on a product can 
be accomplished at remote locations in some advanced systems, there is no platform 
which allows a customer at a remote location to participate in the design of the product 
through the imposition of preferences and constraints. This is particularly hindered by the 
fact that there is no mechanism for creating form from product specifications.  
 

2. Any projected CI-related research themes within engineering design 
 
The emergence of the Internet has offered technologies that can allow the creation of a 
design that will leapfrog product development into an effective high quality design 
paradigm which significantly reduces development time and costs and achieves effective 
high quality products. A new product design methodology needs to be evolved which 
accommodates the current evolution in information technology as well as the needs of 
product manufacturers, their OEMs and their consumers. Some of these needs include 
collaboration among all product life cycle stakeholders accommodating various 
stakeholder constraints, interoperability among design systems and third party software, 
virtual prototyping of integrative products and their simulation. 
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Future Cyber Infrastructure that allows for real-time collaboration and engineering 
system integration in engineering design will be important to connect “islands of 
automation”. Issues related to interoperability, knowledge reuse, information and 
resource sharing cost manufacturing industries billions of dollars each year. These issues 
become even more complicated with the recent occurrence of outsourcing. Ease of 
communication and information sharing among tools as well as between tools and human 
is the major challenge of today’s engineering design tools.  
 
Cyber Infrastructure for engineering design should always target at shortening time-to-
market, improving quality, and reducing cost in product realization. Latest information 
technologies enable fast and better communication and information flow. However, 
generic infrastructure along will not solve current engineering design issues. Both IT-
based new design methodologies and enabling technologies need to be researched in 
parallel. Issues need to be solved include interoperable data and communication 
protocols, information and knowledge modeling standardization, security and trust 
management, resource repository and discovery, and cross-domain technology transfer, 
etc. 
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An engineering design or product realization problem or application that cannot be 
solved using today’s computing capabilities and information infrastructure 
 
Engineering systems are typically made up of a large number of component systems/subsystems 
that interact in complex, nonlinear ways. The result is a behavior that is hard to predict, control, 
and optimize with existing design approaches. In addition, the characteristics of the component 
systems may vary considerably. Different components of the system may have different spatial 
attributes, different temporal attributes, and may re-quire considerably different analysis models 
and design approaches. Design, control, and optimization in this multiscale context remains a 
challenge that is beyond current computing capabilities and information infrastructure. 
Transportation systems are good examples of this class of systems. For example, at a low level of 
resolution the air transportation system comprises vehicles, operations, and airports. A collection 
of vehicles comprises a fleet, which has properties that evolve over time. A collection of airports 
defines a network, which has spatial and temporal properties of a considerably different scale to 
that of a vehicle. Finally, a set of operations define the way in which the fleet interacts with the 
network. These operations clearly have a time dependent aspect, a large amount of variability, 
and a highly nonlinear interaction with other parts of the system. A specific engineering 
application of critical importance is the environmental impact of the future air transportation 
system. This application must clearly be considered in the multiscale context; however, a 
combination of new design methodologies, computing capabilities, and information infrastructure 
is required to make the problem tractable. 
 
Projected CI-related research themes within engineering design 
 
The multiscale problem described above is one research area within engineering design that lends 
itself naturally to a CI-related research theme. A formal multiscale approach to modeling, 
analysis and design combined with CI development can provide the opportunity to address many 
important engineering problems that cannot be solved with current capabilities. A second CI-
related research theme is the development of real-time simulation and optimization capabilities 
for engineering systems. A key feature of future engineering infrastructures will be integrated 
sensor networks with a corresponding need for real-time data analysis and decision-making. Inte- 
grated research is needed to develop the methods that will enable simulation and optimization in 
real time (for example, using reduced-order models) and to develop the CI that will provide such 
a capability. 
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An engineering design or product realization problem or application that cannot be 
solved using today’s computing capabilities and information infrastructure: 
 
Even with the advances in computational and network resources, complex design 
processes, with disciplinary couplings intact, are rarely used in industry applications due 
to the amounts of time and resources they require. For example, the design process for 
the Boeing 777 did not complete one full cycle in nine months, yet produced one of the 
finest large-scale engineered products. If a full multidisciplinary design process could 
occur, the benefits realized would be tremendous. New solution methods and 
computational network and resource technologies need to be developed to accomplish 
this. While advancing the fidelity of disciplinary simulations is important, greater gains 
could be realized by putting resources into solving large, system-level design problems. 
 
Any projected CI-related research themes within engineering design: 
 
Two of my research areas align well with Cyber-Infrastructure: 1) Visual Design Steering 
and 2) Data-Centric Design. Visual Design Steering is a paradigm for human-in-the-loop 
interactivity in a complex design process. Through visualization, a designer is able to 
“steer” an analysis or optimization to speed convergence and add traits such as 
experience and intuition to a solution model. Data-Centric Design is a theory for planning 
a complex design process for a specific computational environment. It encompasses 
methods to determine a combination of disciplinary approximations and numerical 
models to 1) maximize the amount of design cycles completed or 2) decrease the time to 
complete an existing design process. In either case, metrics such as efficiency, accuracy, 
and robustness will be increased. Inherent in both paradigms is the need for real-time 
interaction with geographically distributed multidimensional datasets. 
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Collaborative Engineering Design framework in my opinion has the following components to it: 

1. Design parameters and knowledge extraction from various design domains that lead to optimal 

design space for product development: ISO and IEC Standards like STEP, and W3C standards like 

XML allow companies to effectively exchange design information. However, Knowledge 

extraction and negotiation of design parameters between domains which are essential to evaluate 

the design have not been formally explored. 

2. Legacy systems integration: Present trend for information framework is Server Oriented 

Architecture (SOA) and Web Portal. However, it is difficult and time-consuming to migrate legacy 

computer-aided programs from a local application to Server oriented components. Even if such 

migration is possible, server computation burden will become a critical issue as the traditional 

computer-aid programs require a lot of CPU and computer memories. 

3. Network bandwidth: Collaborative engineering design requires considerable user interactions 

which increase the communication load significantly and therefore request broad even broader 

bandwidth. Other issues to consider in network are the secured communication aspects. 

I am visualizing an Internet based Collaborative Design which requires several designers login the system 

simultaneously to exchange design information. Some questions remain: 

(1) How to proactively detect the design changes and inform the relevant participants of the 

design change? 

(2) How to visualize the design changes and estimate what the impact will be? 

(3) How to make the channel for private information communication secured?  

(4) What are the common languages (standard) the designers should use (follow) for both 

information and knowledge? 

Some of the CI related research theme for engineering design might be: 

 What is an acceptable standard for information/knowledge exchange and presentation? 

 How to standardize processes across the collaborative product development life cycle? 

 What are the rules/strategies and how to assign them to support a stable and secured 

information/knowledge sharing? 
 


