Welcome and Introduction 

Paul Fleury,  Dean of Engineering, Yale University 

Good Morning everyone and welcome to the Yale Engineering Sesquicentennial Forum On Challenges to Innovation in the 21st Century.
Our purposes today is twofold- first, to mark the beginning of Yale’s second 150 years of excellence in Engineering education and research and, second, to bring together leaders from the key sectors of our society in an interactive format to consider an issue of critical importance for the success of that society in the future- namely the continued health of the technology innovation engine which has during the 20th century been the major means of creating  new wealth and improving the human condition.
In this room this morning are experts on every aspect of this complicated issue. The aggregate understanding of the challenges and ideas for solutions extant here at this hour should-if we are successful- increase significantly by the end of the day. The extent to which that occurs will depend on our interacting seriously and exchanging ideas is some nonlinear fashion so that the resulting whole exceeds the sum of the parts.
The framework for these interactions is provided by the outstanding set of speakers, panelists and moderators who have graciously agreed to join us. Of course the glue which will bind these elements together is the entire assembled group. I am confident that you will all do your part to ensure lively and productive discussions.
Let me call your attention to the program and the biographical sketches of our speakers. As you see they are a most accomplished and distinguished group. I have asked the moderators to keep their introductions brief so as to  leave the maximum time for presentation and discussion of the speakers’  remarks.
This year of 2002 does indeed mark the 150th anniversary of engineering at Yale- a fact that may surprise many of you, but a fact none-the-less. It all started in 1852 with William Norton’s course in civil engineering. Yale awarded the nations very first PhD in Engineering in 1863- to J. Willard Gibbs, the father of thermodynamics and one of the greatest scientists this country has ever produced. For decades thereafter the Yale engineering program was one of the nation’s largest and best known.
Despite this proud tradition and the many accomplishments associated with the Sheffield Scientific School and the Yale School of Engineering during the late 19th and early 20th centuries, this university in more recent times has often seemed not to know how to deal with its science and engineering. There have been some rough periods indeed, particularly during the middle of the last century.
All that changed dramatically with the election in 1993 of Richard C. Levin as Yale’s 22nd President. A world renowned economist with his Ph.D. from Yale and earlier degrees from Stanford and Oxford, and with experience as an academic department chair and graduate dean, Rick Levin fully and firmly grasps the central importance of science and technology to a modern liberal education and to the life of society and its citizens. 
One of his quotes which I use as a screen saver on my computer goes like this:
“Yale is firmly committed to doing whatever is necessary to ensure that Yale’s science and engineering departments will in the future share the excellence and international visibility that Yale Humanities Departments have long enjoyed.”
Rick Levin  has consistently backed up these words with strategies and actions- appointing Allan Bromley as Yale’s first Dean of Engineering in nearly three decades, and later announcing a bold commitment on behalf of the university to investing $1B in constructing and improving the infrastructure for the sciences and engineering and for medical research. He as done much more- but I will keep this introduction brief as promised.
In addition to being an inspired and inspiring leader and President, Dr. Levin is a scholar of the very first rank. Fortunately for us his field of personal research in economics concerns the technological basis of economic growth. 
So it is with particular pleasure that I ask you to join me in welcoming Yale’s President Richard Levin who will enlighten us on “The American Research University as a Engine of Economic Growth.”
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THE AMERICAN UNIVERSITY AS AN ENGINE OF ECONOMIC GROWTH
         I am pleased to be with you this morning, as we celebrate the sesquicentennial of engineering at Yale. On such an occasion, I might normally be expected to recount some of the history of engineering at Yale and convey to you my great enthusiasm for its future. But Paul Fleury asked me specifically to draw upon my experience as an economist interested in the study of technology and to say something substantive. So I will reluctantly pass up my opportunity to lavish praise on Dean Fleury and his predecessor Allan Bromley, who have taken dramatic steps toward restoring Yale engineering to its proper glory. I will not indulge you by saying how pleased I am with the high quality of faculty recruited during the past few years.  Nor will I spell out in detail the reasons why Yale is poised to assume national leadership in emerging fields such as nanotechnology, quantum computing, molecular electronics, biomedical engineering, and environmental engineering. 
         I will say none of this; I will only say that Dean Bromley, Dean Fleury, the Provost and I have worked hard these past nine years to ensure that the next half century of engineering at Yale will not encounter the perils of the last. I salute you all. I share your pride in the history of Yale engineering, and I encourage your confidence in its future.
         And so to the substance Dean Fleury has required of me. My topic for this morning reflects both my work as an economist and my experience as a university president. My title is "The American University as an Engine of Economic Growth."
Introduction
         My point is a simple one: our universities are an essential source of America's economic competitiveness and, ultimately, a wellspring of worldwide growth and prosperity.
         To persuade you of the truth of this point, I would like to develop a two-fold argument. First, I want to illustrate that the way research is funded and organized in the United States makes our universities the principal worldwide source of new scientific discovery, and hence, ultimately, the principal source of technological advance and economic innovation. Second, I will claim that the spirit of critical inquiry and the pedagogical methods that prevail in leading American universities and colleges are also powerful engines of creative leadership, in industry and commerce as well as in science and technology.  
The Contribution of University Research to Economic Growth 
         Fourteen years ago, when U.S. trade deficits first reached the level of $100 billion annually and many were questioning the long-term competitive viability of the nation’s industries, I offered a seminar for Yale College seniors entitled “The International Competitiveness of U.S. Manufacturing.” I asked each student to choose a particular industry and make a report to the class on all the available indicators of the competitive status of U.S. firms in world markets: sales, employment, productivity growth, market share, exports, imports, and patents obtained, among others. The students were required to collect data for the United States, Germany, and Japan over a time span extending from 1960 to the mid-1980s. 
         The results were very revealing. The data the students collected indicated that the alleged decline in U.S. global competitiveness was largely concentrated in a handful of industrial sectors. In essence, the United States had suffered an enormous absolute and comparative decline in the performance of two industries that were the nation’s largest employers in the 1960s, automobiles and steel. But in most other sectors of manufacturing, we were holding our own, and in those sectors with technologies most closely linked to recent advances in scientific knowledge – pharmaceuticals, specialty chemicals, and segments of the electronics industry – America led the world.
         Competitive advantage based on the innovative application of new scientific knowledge — this has been the key to American economic success for at least the past quarter century. And the pattern is no different today.  America remains the world’s leader in the industries where science-based technologies are changing rapidly – software, communications equipment, and biotechnology. As technologies mature, labor cost, quality control, and other factors become more important in determining competitive success, and the United States tends to lose its comparative advantage. The dynamic sectors of the American economy – where new jobs are created and productivity growth is most rapid – remain those that create innovative new products based on the application of recent scientific knowledge.
         As the nation's principal locus of basic scientific research, our universities play a key role in this pattern of economic competitiveness and growth. Basic research, by definition, is motivated purely by curiosity and the quest for knowledge, without a clear, practical, commercial objective. Yet basic research is the source from which all commercially-oriented applied research and development ultimately flows. I say ultimately because as you know it often takes decades before the commercial implications of an important scientific discovery are fully realized. The commercial potential of a particular discovery is often unanticipated, and often extends to many, economically-unrelated industries and applications. In other words, the development of innovative, commercial products that occurs today depends on advances in basic research achieved ten, twenty, or fifty years ago — most often without any idea of the eventual consequences.
         U.S. academic institutions now spend over $30 billion annually on research, Nearly 70 percent of these expenditures are directed toward basic research. Over the past three decades, academic institutions have accounted for approximately half of the total basic research undertaken in the United States. 
         The universities’ role as America’s primary basic research machine did not come about by accident. A half-century ago, in the aftermath of World War II and as the Cold War was beginning, the U.S. government clearly and self-consciously established an unprecedented and heavily subsidized system of support of scientific research, in the process transforming the nature and scope of the American university. First articulated by Vannevar Bush, President Harry Truman’s science advisor, in a deservedly famous 1946 report entitled Science: The Endless Frontier, this system has three central features, all of which remain largely intact today. 
         First, the federal government shoulders the principal responsibility for the financial support of basic scientific research. Second, universities – rather than government laboratories, non-teaching research institutes, or private industry – are the primary institutions in which this government-funded research is undertaken. And third, although the Federal budgetary process determines the total amount available to support research in the various fields of science, most funds are allocated, not according to commercial or political considerations, but through an intensely competitive process of review conducted by independent scientific experts who judge the quality of proposals according to their scientific merit alone. Within constraints set by the overall budget, there is a virtual free market in ideas.
         This system of organizing science has been, on its own terms and from an international comparative perspective, an extraordinary success. There is little doubt that the United States is the world’s leader in basic research.  Over the past three decades, the U.S. has been the source of about one-third of all scientific publications worldwide. Since 1975, more than 60% of the world’s Nobel prizes have been awarded to Americans or to foreign nationals working in American universities. It is also clear that publicly funded basic science has been critical to scientific and technological innovation. A recent study prepared for the National Science Foundation found that 73% of the main science papers cited in industrial patents granted in the U.S. were based on research financed by government or nonprofit agencies and carried out in large part in university laboratories.
         It is unlikely that this success could be duplicated by industry. The private sector has little incentive to invest in basic research because the returns from the creation of new generic knowledge are difficult to appropriate for private benefit. In contrast, it is much easier to reap the returns from investment in applied research directed toward a specific commercial end, especially if the legal framework governing intellectual property provides effective protection against the imitation of one’s products by rivals. 
         Moreover, the time lags between the initiation of basic (or even long-term applied) research and commercial application are long, far longer than an impatient private sector could tolerate. Scientists cannot schedule fundamental breakthroughs, and the eventual applications that arise from them may be surprises, both in form and in timing. Ordinarily, the ultimate commercial applications are entirely unforeseen when the initial, enabling discoveries are made in university laboratories. It has been forty-eight years since Watson and Crick discovered the double helix, and the enormous practical benefits of this discovery are only now beginning to be realized through new medical treatments and a whole new technology for developing pharmaceuticals. Universities, in their unending, unadulterated search to know, are uniquely situated to undertake such long-term research without worrying about its commercial application and payoff – a luxury that profit-seeking private industrial firms cannot afford. 
         Examples of how university-based research has yielded enormous and unanticipated benefits are abundant. My favorite story involves Bill Bennett, the C. Baldwin Sawyer Professor Emeritus of Applied Physics here at Yale.  In the 1950s, Bill began working on the phenomenon of coherent light. After he came to Yale in 1961, he continued his work on lasers with the support of grants from the U.S. Department of Defense.  For many years, the laser was what Bill called "a solution looking for a problem." Today there are so many uses for lasers that it would be impossible to describe them all in the time that remains. Lasers are used to cut cloth, to lay out the foundations of a house, to make microchips, to pinpoint and treat brain tumors without surgery. In fact, when Bill Bennett suffered from a detached retina in 1995, the treatment he received was accomplished by using precisely the same Argon Ion Laser which he developed at Yale in 1964.
         Aside from stimulating scientific discoveries with long-term and unpredictable economic consequences, the deliberate decision to locate most fundamental research in universities rather than government laboratories or private research institutes had another equally significant benefit. It enabled the next generation of scientists and engineers to receive its education and training from the nation's best scientists and engineers, who are required to teach as they pursue their own research. I cannot overemphasize how conducive this model of graduate education is to the creativity of the students and also to the vitality of the research enterprise. 
         Of course, some of these well-trained graduate students become professors after they complete their degrees and post-doctoral study, thus ensuring that the academic research engine is continually replenished with new, skilled scientists.  But the many who enter industrial employment after graduation take with them invaluable assets — state-of-the-art knowledge obtained by working at the frontiers of science and experience with the most advanced research tools and equipment. They also take with them a particular way of thinking, a topic to which I turn next.
The Contribution of Liberal Education to Economic Growth 
         The knowledge created by the enterprise of academic science is by no means the only contribution of American universities to economic growth. 
By engaging students in intellectual inquiry, making them active participants in the search to know, and fostering their problem-solving abilities, universities and colleges contribute to economic growth through their teaching as well as their research. And it is not only the education of industrial scientists and engineers that has an impact on economic performance, it is the education of all those engaged in the business sector — executives, entrepreneurs, financiers, and consultants alike.
         The world we live in is fast-paced and constantly changing. Many successful companies produce products or services based on technology or marketing strategies that didn’t exist a decade or two ago. In such a world, knowledge of a given body of information is not enough to survive, much less thrive; business leaders must have the ability to think critically and creatively, and to draw upon and adapt ideas to new environments.
         The methods of undergraduate, as well as much professional, education used by America's most selective and distinguished universities and liberal arts colleges are particularly well suited to prepare students for a changing world.
       Unlike British universities, which require students to specialize early, America's finest research universities and liberal arts colleges are committed to the "liberal education" of undergraduates. And, of course, Yale has long been distinctive for the breadth of education that it provides to its engineering undergraduates. 
         A liberal education cultivates the intellect and expands the capacity to reason and to empathize. Its object is not to convey any particular content, but to develop certain qualities of mind: the ability to think critically and independently, to be creative and innovative, to liberate oneself from prejudice and superstition, to sift through information, to extract what is useful and discard what is irrelevant. Just as the largest social benefits derive from scientific research that is undertaken without any focus on a commercially salient objective, so, I would argue, the largest social benefits derive from a pedagogy that seeks to enlarge the power of students to reason and think creatively without focus on mastering a particular body of knowledge. 
         What does this mean in practical terms? It means that, at America’s best universities and colleges, education is not a one-way street. Information is not simply conveyed from faculty to students. Even as recently as the 1930s and 40s, in many college classes, professors spewed forth information in lectures, students copiously took notes, memorized them, and then "recited" them back to the professor when called upon in class.Today, students can not rely on a good memory to succeed in college. Although lectures are still used in many courses, students are no longer encouraged to recite back what they hear in class or read in a textbook. Instead, students are encouraged to think for themselves — to offer their own opinions and interpretations in seminars and discussion sections.
         Professors also encourage critical thinking by the form of writing assignments they require and by the kind of examination questions they ask.  In the mid-1980s, while he was the President of Harvard, Derek Bok studied the examinations given there in various subjects since 1900. He found that, at the beginning of the century, nearly all of exam questions "sought to have students repeat particular facts, describe the opinions of others, or relate fixed sequences of events. . . . The emphasis was chiefly on memory.”[1] As the century progressed, the nature of exams changed in a way that increasingly “emphasized analysis rather than memory or description.” By 1960, according to Bok, “half of the questions in the humanities and social sciences called upon students to discuss complex problems from more than one perspective.”[2]  Bok's survey shows, students today are expected to take from their courses not just facts, figures, and widely accepted theories, but a way of thinking — the ability to use facts and figures to support an argument and to confront one theory with another through critical analysis.
         The distinctive emphasis on critical thinking produces graduates who are intellectually flexible and open to new ideas, graduates equipped with curiosity and the capacity to adapt to ever-changing work environments, graduates who can convert recently discovered knowledge into innovative new products and services. By producing thinking and engaged leaders capable of thriving in the new age of information technology, American higher education prepares the nation for the challenges that we can’t even imagine today, challenges upon which continued growth and prosperity depends. 
Conclusion
         There is doubtless some irony in all of this. For the most part, universities conduct scientific research without a concern for potential commercial application, and liberal education seeks not to train business and professional men and women, but to produce inquisitive, thinking, creative citizens. Still, the research and teaching done in American universities have a profound and hugely positive effect on practical affairs.
         I hope that I have successfully argued that the organization of scientific research, and the pedagogical strategies used in our finest universities and colleges contribute mightily to America's technological leadership and ultimately to national and worldwide economic growth.
         Recognition of this distinctive contribution of U.S. universities should not encourage complacency. To the contrary, we must keep extending the frontiers of science and improving the efficacy of our pedagogy. To this end we are not only investing heavily in the support of science and engineering at Yale, we are also in the midst of a major review of education in Yale College.  We do not take our responsibilities lightly. We know that in no small measure the fate of our students, the nation, and the global economy depends on us. 
[1]  Derek Bok, Higher Learning, 48-49 (Cambridge, Mass.: Harvard Univ. Press, 1986).
[2]  Ibid., 49.
""Challenges and Responsibilities to Innovations,
 if the Process is to Continue"
     by 
Henry B. Schacht 
Chairman, Lucent Technologies
There are many issues that could be addressed under this topic heading - many that industry is grappling with.  Such as: 
- How are we going to afford industrial R&D when our customers increasingly won't pay. 
- What is the role if any of the central labs; are the great central labs of Lucent (Bell Labs) and IBM the strong and vital survivors they appear to be or are they really an anachronism; holdovers from an earlier day and destined to be replaced by a different formulation. 
- Who is going to do fundamental research as the industry moves more toward near term product development and away from fundamental inquiry; if we are to rely on government labs or universities who is going to fund them. - As more and more of our younger students shy away form science and math who will be our engineers of tomorrow.  As public K-12 decays who will do the training of those unable to afford private education who are going to be the lab technicians of the future. 
- What are the consequences of an increasingly technically illiterate population in a technically driven society.   
- For the US and US based industry what are they challenges of the increasing trend of non-US technical talent in the technically trained pool.  A majority of Bell Lab scientist are non-US passported; almost all our RF work is done in the UK; more and more of our software development is done in India; etc. 
- How do technically trained practitioners stay current.
And on. 
However, I've elected to try to deal with another more abstract issue that is very much on my mind - it is how is society going to deal with the consequences of the explosion of technological knowledge and its applications. 
Why should industry be worried about this?  Because industry depends on a relatively stable and civil society in order to pursue innovation effectively. 
And I am increasingly concerned that we are finding it increasingly difficult to deal with both intended and unintended consequences driven by the rapid advance of technology and its applications.  Destabilization of our sense of order and stability would be a major challenge to industry's ability to sustain innovation. 
Here then is my "Thesis." (Rick [Richard Levin, President of Yale] at least won't be surprised at my choice of a broader rather than a more narrow interpretation of the challenge and the topic.) 
Thesis 
The ongoing revolution in communication technology is driving even further global interdependence and removing the remaining buffers of time and space.  This will have an increasingly profound effect on many elements of our society. 
The challenge to schools of engineering and to Yale engineering in particular will be twofold: 
First, to produce technically trained human beings who can pursue all aspects of the continued quest for new technological breakthroughs and applications. 

Second and, in my view, more importantly, to produce a cadre of human beings who are technically literate and capable of applying technology but who can and will help deal with the very real societal challenges that are and will be the consequences of the accelerating pace of technological change and application. 

Many institutions will do the former; it's critically important that at least a few do the latter - Yale must be one of these. 
Since most of my recent technical exposure has been at Bell Labs, I may have a bit of myopia.  However, the issue I want to explore is the impact of the massive and swift changes in communication capacities. 
There are lots of factors driving the revolution in communication technology, but I believe there are two overriding phenomena that predominate: 
- Computing Power 
- Transmitting Capacity 
Each on its own is powerful; the combination produces capabilities that we aren't even beginning to understand. 
All of you I'm sure are familiar with Moore's Law - named after one of the co-founders of Intel.  He postulated (correctly) that computing power would double every 5 years while the price halved every year.  To many people's astonishment that has been true for quite some time now hence more and more knowledge generation and more and more electronic devices in all of our lives. 
Recently people have been 'worried about the so-called "line size" problem on semi-conductors would bring an end to this phenomena.  It's now clear that we have found technical breakthroughs that will allow us to continue to benefit from Moores Law for some time.  There are two competing technologies EDM or Photolithography either of which when combined with new geometry will solve the problem for some time.  These advances will move us to a billion computing devices on a single 1/4inch square chip.  These technologies will be available commercially soon; almost certainly within 5 years.  And we are already working on molecular transistors which the Bell Labs scientists estimate will allow 100 billion transistors/chip.  We have demonstrated switching capability of a single transistor already - connecting them is the next riddle to be solved. 
This molecular technology will take a bit longer, but it will come.
The first "next steps" will give us virtually unlimited computing capacity and at zero incremental cost and soon. 
At the same time, we are making equally astonishing advances in optical fiber technology.  We have now demonstrated 1 terabit per second transmission capability on a single fiber. (For the very few a reminder that a terabit is a million millions). We put 48 fibers in a single cable; that's 48 terabits per second.  In everyday terminology, it means the capacity to transmit all the printed material in the world in a matter of minutes; or, stated another way, we can carry all today's intemet traffic on one cable and…and technical advances continue.  And this will be available commercially soon - most likely within 5 years. 
This means virtually unlimited ability to transmit information - - and again at zero incremental cost. 
So, with these two technical advances we are moving rapidly to an ability to provide unlimited computing capacity and unlimited transmitting capacity - - both at zero incremental cost.  And available in the same period of time. 
The explosion of the Internet and electronic devices of all kinds are only early manifestations of these trends. 
In reality, we have no idea what we are going to do with this combination or what it will mean but I believe we can predict with some accuracy that it will change many, if not most, of our societal assumptions. 
Several thoughts: 
It will mean that the pace of change will accelerate even more rapidly while at the same time visibility will decline.  Managers of all institutions will be faced with the requirement to make more consequential decisions more rapidly even as the world becomes more opaque; it will be like driving a race car faster and faster in an increasingly dense fog! 
We are going to lose the remaining time and space that act as buffers even in today's increasingly interdependent world.  We really are going to be each other's neighbors - - whether we like it or not.  People who now rely on time and space to co-exist will have to learn to solve their differences and live peacefully together without the current or proposed buffers. 
Human beings who often respond dysfunctionally to rapid change will have to learn to cope with increasingly rapid change and to avoid the fear and withdrawal instincts that often accompany bewildering changes. 
The question is how are societies/individuals going to react to all this. 
Reactions to this increasing globalization and its destabilizing forces will vary 
- some will see this as threatening and will try to withdraw;
- some will see this as a chance for the have nots to join the ranks of the haves and will press on. 
My own view is that there will be a ferocious internal fight within the US but that globalization and the resultant interdependence is a technology-driven certainty.  The debate is going to be how we deal with it.  One clear consequence of growing interdependently and instant information everywhere is that differences in standard of living are going to be increasingly apparent; the fact that the disparity is growing is not sustainable in a crowded, interdependent world.
Further, we will have to learn how to deal with the growing income disparity within our own country even as we have to learn how to deal with the income disparity between the US and the other parts of the world. 
Let's explore this issue a bit. 
We are at a historic point.  The bitter and dangerous debate about the supremacy of competing forms of societal organization is over.  Capitalism has proven a superior concept; those favoring a communist or socialist concept have proven to be wrong.  People all over the world are turning to market-driven, private capital systems as the superior form to create wealth.  Clearly, we saw the propensity of capitalism toward excess in the 1998-2000 period.  However, even in this painful adjustment period the issues are how to better control/regulate this powerful engine of growth and wealth creation and not should we turn away. 
However, the paradox is the undisputed growth of income disparity in this country during the 10-year period of 1990-2000, an unprecedented period of good times.  While we have had income disparity historically, the new phenomena is the growth of the disparity during this remarkable decade period of unprecedented sustained economic expansion and low unemployment.  Even more startling is the fact that during this 10 year period household income actually declined for a good bit of our U.S. population; only in later parts of the decade did we see improvements; much of this has been lost in the 2000-2002 period. 
And even more startling - using slightly different data from this decade of unprecedented expansion - 99% of the gain in household incomes went to the top 5% of our population. 
One only has to read the papers to understand the episodic evidence of escalation of the compensation of those at the very top of the financial and multi-national corporation world and the growing and understandable backlash that is building; it was an issue pre Enron and now, of course, the debate has sharpened and become more heated. 
When you combine the real evidence, the episodic evidence, and the increasing visibility that the information revolution is providing, you not only have the paradox of growing inequality even in the best of times but you have the seeds of social unrest.
There is a growing feeling that we are better than this.  The U.S. was founded on the concept of equality of opportunity and a sense of common wealth.  We have always celebrated individual initiative and tolerated a differential in individual wealth. However, we have always felt there would be 
1)
A reasonable and equitable sharing of wealth created and retained, 
2) A social insurance policy that protected any one person who through illness or bad luck or age might become impoverished, 

3)
The availability of a good education for all that would allow mobility equivalent to ability. 
During the decade of sustained increase in prosperity, each of these elements of the social contract that binds this large diverse country together were fraying; as we go through this period of adjustment with public budgets again under pressure the strains are likely to increase. 
We clearly have learned how to create wealth. 
The challenge now is to learn how to distribute the wealth equitably; by equitably I mean in a way that continues to recognize and reward the spirit of individual entrepreneurship that drives this wealth creation while preserving the social contract and restoring a more reasonable balance between common wealth and individual wealth. 
As we pause to catch our breath after the boom decade and digest the excess of the later stages it's a good time to visit this issue and try to work "ahead of the problem." 
The tolerance of a growing disproportional sharing of the wealth (or failure to share the wealth equitably) and the simultaneous fraying of the social contract is ending.  Peace and stability in our own society again is at risk.  We face a growing disenchantment in an increasingly restive middle class, an increasing frustration in a left-behind lower class and an angry disenfranchised inner city population increasingly isolated and in their eyes forgotten.  And a historical lack of mobility for many people as the public K- 1 2 system continues its tragic decline.  A description of a fading American Dream - and the irony or paradox of this continuing even after a period of unprecedented economic good times. 
As a valued colleague has observed many times: 
The time of greatest success is often the time of greatest vulnerability; and 
The challenge is to do today that which we will wish tomorrow we would have done 
Our demonstrated ability to create wealth has given us the opportunity to address each of these three challenges: 

1)            Build on the promising models of constructive reform emerging in our public K- 12 system; the key to our continuing ability to offer all of our population a chance to participate in tomorrow's knowledge-based work and share equitably in the wealth created.
  
2)            Continue our historic dedication to a small public sector but define it in a way that allows for and provides for those who through illness, misfortune or age fall through the cracks in the system.  This means continued refinement of the Welfare to Work program as data becomes available and tackling not postponing our issues in Social Security (not tough) and Medicare (very tough).  It means refining our medical system to achieve a more appropriate balance between care and costs.  And it means an appropriate commitment to the infrastructure needs of our country as old investments age and new requirements appear. 
19 
3)            A direct attempt to modify our current tax system to distribute more appropriately the wealth we are creating. And doing it in a timely way that retains the wealth creating incentives while dampening the excesses at the top and reversing declines at the bottom.  Do this before popular resentment builds to a point where Draconian changes are forced through which could well jeopardize the entrepreneurial energy that drives the wealth creation; the law of unintended consequences is powerful. 
  
Many of the same issues apply within the various nations of the world; and ironically the disproportionate distribution of wealth is greater in the very poor nations; and of course vast disparities exist between nations. 
  
Interestingly, but unsurprisingly, the wealth distribution is somewhat more balanced in Germany or Japan than it is in the U.S. The 10-year stagnation plus the first postwar taste of unemployment is pushing Japan toward a US system; the recent stagnation in Germany and the very high structural unemployment is also pushing Germany and other continental countries toward the U.S. System.  Their challenges will be to move toward a U.S. wealth-generating capacity without giving up their better distribution of income or the heart of their social safety net. 
  
The developing countries have a double problem.  First they have a greater internal distribution problem which has led to the major move away from authoritarian command and control mechanisms of the right and left toward more popular rule; second, increasingly they have to deal with a growing awareness fueled by the information revolution of the very large disparity within their countries and between the US, Europe, Japan and the rest of the world. 
Globalization, driven by the technological advances, raises many more issues than the wealth inequality issue I've discussed (at length) 
- a global monetary system whose regulatory mechanisms are based on 1945 assumptions and no longer valid. 
- long simmering ethnic, religious and regional tensions no longer contained by the geopolitics of the cold war nor the buffers of time and space.  One only needs to reflect for a moment about the Mideast; do the participants really believe that space can be created in this information age, so that each can live side by side but separate.  If not what is the answer - and can it be achieved before the tactics of despair spread. 
- proliferations of arms (conventional as well as chemical, biological and nuclear, which can be used to ignite regional conflicts and pose a new threat of a rogue state. 
But the staggering income disparity within and between countries seems to me to be a precondition to finding stability and peace in this new world of global interconnectedness.  It looks to me like the required precondition.  Dealing with the issue may not (probably will not) solve all the other challenges we face; failure to deal with this issue makes dealing successfully with the other challenges much less likely, if not impossible. 
And, finally, a few words about individuals in this global community. 
It seems obvious (and almost trite) to say that as contemporary society changes at a bewildering and for many a frightening pace, the stability that individuals seek for balance and perspective will come from the values that are timeless. 
And I believe that communities that are held together by shared beliefs that also respect and honor other communities that hold different equally firmly held beliefs will be the bedrock of this "new" society - - and the places that individuals will turn for assurance and support. 
I do not need to remind those in this hall that the beliefs that have stood the test of time are those that will see individuals through times of turmoil and bewildering change; reminding our technically trained leaders of tomorrow about this truism is a critical responsibility for all who teach in our engineering schools.
In many ways - - the more things change, the more they remain the same. 
So, in summary, the need for the developed world to deal with their own internal income distribution issues is paramount for ongoing, internal stability of each of these countries; having demonstrated the superior ability of the market driven private capital system to create wealth, we must now demonstrate an equally superior capacity to distribute equitably the wealth created. 
The US will debate turning inward and away from these issues.  I do not believe this can possibly work.  The global financial system is a reality and increasing global interdependence is right ahead.  Technology will drive this. 
This means the developed world has the opportunity and responsibility to both work on its own wealth distribution issues and help the world of many nations do the same. 
At the same time, the explosion of information technology we discussed at the beginning also will bring new and increased pressure to close the income gap between the developed and the developing countries.  The time and space that has made these disparities tolerable is disappearing.  The developing world has the added burden of dealing simultaneously with internal disparities and growing aspirations for self-determination that also threaten stability. 
Narrowing wealth disparities by itself will not solve the tensions built up over thousands of years that we see erupting in many parts of the world; nor will it solve the lack of understanding and trust that will be required to build bridges and create institutions that bind disparate societies and cultures together. 
However, if we truly are going to have a lasting peace in a technologically driven, globally interdependent world, we will need to deal with the income distribution issue that underlies, at least in part, many of the existing tensions and has the potential to create even more.  A better standard is living for those less well off (and increasingly aware of it) is a necessary prerequisite for peace.  While not guaranteeing peace, it is a prior requirement. 
The opportunity we have comes from the clear and powerful understanding we have achieved about how to create wealth.
The challenge is now to learn how to distribute this wealth in a way that both preserves the societies' wealth creation capacity and meets the legitimate needs of all its people. 
And to do it in a way applicable not only to the US but to this shrinking global society that is increasingly interdependent and is about to lose it's buffering time and space. 
Far a field from our topics of this forum - I don't think so. 
This University and others like it have a choice - it can concentrate on turning out practitioners. 
We in industry will be grateful recipients of your students indeed we are dependent on them if we are going to continue our pursuit of innovation. 
I am confident you and other great Universities will do this and do it well - and we will solve the more narrow challenges to innovation I suggested earlier. 
However, I believe the greater challenge is to turn out well educated technically literate humans who can help drive continued innovation but who also are capable leaders of our societies, able to lead us in dealing with the intended and unintended or unanticipated consequences of the accelerating technical revolution. 
You may well not agree that income disparity is a key issue and that the consequences of unlimited computing power and unlimited transmitting capacity both at zero incremental cost will remove all the trusted barriers of time and space. 
However, the impact of such a major change on societal understandings and capacities will be pronounced and will need to be absorbed. 
Training our "graduates-to-be" in both the narrow skills and the capacity to understand and help solve the societal consequences is, in my view, a task of first importance. 
A challenge to this and other first-rate institutions. 
I'm an optimist.  I believe Yale and other similar institutions will rise to this need and, therefore, will help industry and society deal with the most significant challenge to innovation. 


Mission and Aim 
There is an increasing perception of the need for graduates of engineering to be creative thinkers and innovators from industry and Professional Associates. This forum explores creativity within engineering education and practice, how it may be fostered and assessed in learning programs and aims to develop a framework for implementing and evaluating such programs.

Introduction

The University of California, Irvine (UCI) Institute for Software Research (ISR) Graduate Student Research Forum (GSRF) is an event "for students by students". Both the program and organizing committee for the first annual GSRF are entirely composed of graduate students from universities across California.

 

The primary goal of the Forum is to foster community and expose possibilities for inter-disciplinary collaborations by providing an opportunity for students researching various dimensions of software and information technology to come together, meet, interact, and discuss their activities with a diverse group of their peers. Specific areas of interest are listed below, but generally fall in the broader categories of software engineering, human-computer interaction, ubiquitous computing, social computing, and arts computation and engineering.

 

Participating students will receive valuable feedback useful in shaping their current research and informing their future research activities. To further promote interaction, we will also be hosting a competition for "Best Inter-Disciplinary Project Idea" among all participants and attendees focusing on the formulation of novel research directions.

 

The GSRF is sponsored by the UCI Institute for Software Research (ISR) and is part of the 2005 ISR Research Forum. The ISR Research Forum brings together researchers and practitioners from academia and industry (for more information, see http://www.isr.uci.edu/events/Research-Forum-2005/); the ISR Research Forum also includes a program of talks focusing on joint academia/industry relationships and a reception featuring research posters and demonstrations.

Scope
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· Domestic software technologies 

· Requirements engineering 
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Each submission will be evaluated according to clarity, research methodology, originality and innovation, and overall importance to both research and computing practice. Submissions should clearly state, at appropriate points within the text, the phase at which the research currently stands along with the contribution and benefits. For early work, provide a best estimate of expectations. Selected submissions will be published electronically along with final presentation slides.

 

Submissions must not exceed three-pages in length (including all text, figures, references, and appendices) and be formatted according to the ACM SIG format (available here). Please send submissions in Adobe Portable Document Format (PDF) to gsrf-submissions@ics.uci.edu on or before April 22, 2005.
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