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The SIGACT committee has continued its activities to promote the importance of 
theoretical CS to NSF. I comment below on some funding trends and our related 
activities. I must mention however that our efforts may amount to nothing so long as 
people from our community do not take positions at NSF. I urge all colleagues to 
consider spending a year or two as a program officer at NSF. Please see Bob Sloan’s 
article in an earlier issue (and also available at http://www.cs.uic.edu/~sloan/my-
papers/sloan-SIGACT-news-blurb.pdf) for why a year or two in Washington DC can be 
quite enjoyable, and even a welcome break from teaching. (Apparently, a program officer 
can still make time for some research, and continue to advise PhD students.) NSF is 
currently looking for a program director for Theory of Computing (ToC); the deadline for 
applying is May 5. But we expect that NSF may be able to find some use for people who 
apply after this date. Mike Foster of NSF thinks NSF could use two ToC program officers 
so long as their research interests are sufficiently different.  
 
The Big News: CDI 

NSF’s budget request to US Congress for 2008 is now available online at 
http://www.nsf.gov/about/budget/fy2008/ . Researchers in our field should take special 
note of a proposed  NSF-wide initiative Cyber-enabled Discovery and Innovation (CDI), 
for which $52M in new funding has been requested this year, of  which $20M would go 
to computer science. If Congress approves this program, NSF plans to request a growth in 
funding by $50M each year for the next five years.  The NSF fact sheet on CDI describes 
its goal is “to explore radically new concepts, approaches and tools at the intersection of 
computational and physical or biological worlds. For four decades, NSF has provided 
leadership in the scientific revolution made possible by information technology. Through 
investments ranging from supercomputing centers and the Internet to software and 
algorithm development, NSF-supported information technology has stimulated scientific 
breakthroughs across all science and engineering fields.”  

The five stated themes are as follows (italicized text is quoted from the NSF sheet):  

• Knowledge extraction “data mining, visualization and using basic concepts 
from computation, geometry and topology that help investigators find what is 
most important in the nearly infinite amounts of data from sensors, 
telescopes, satellites, the Internet and surveys.” 



•  Interacting elements.  (Interacting) “systems--ranging from atomic particles 
to galaxies and from computer networks to societies--are at the heart of many 
science and engineering challenges, and their understanding and control are 
major sources of innovation. A large number of interacting elements, random 
interactions and aggregate or emergent phenomena are key factors in such 
systems. CDI will improve our ability to predict and deduce interactions in 
complex systems to better understand, design and control them.” 

• Computational experimentation.   “new modeling techniques ranging from 
mathematical formulations to multiscale simulation techniques.” 

• Virtual environments.  “Scheduling and operation of distributed facilities 
and sensor arrays, data extraction and analysis, international, real-time 
comparisons of global climate models, and injecting discovery and innovative 
environments into learning and training all use virtual environments. CDI 
will develop new techniques for building and utilizing virtual environments, 
especially in the context of cyberinfrastructure.” 

• Educating researchers and students in computational discovery.  
“..integrate computational discovery techniques into the basic education of 
all scientists and engineers as well as development of new techniques for 
using computational discovery in all areas.” 
 

Theoretical CS and especially Dick Karp provided input to NSF (as did many other 
communities, presumably) about what the goals of CDI ought to be, and the phrasing 
above seems to reflect this input in several places. We hope that our community will be 
able to contribute vigorously to this initiative if it is funded. The organizational details of 
CDI are currently unavailable, but one would expect similarities to the former ITR 
program, which supported both single PIs and small teams (the usual mode of 
collaboration in our field).  
 
The workshops 
 
The SIGACT committee has also tried to promote discussion of the themes of CDI, at 
least as they intersect with the interests of theoretical CS, by arranging (with help from a 
team of organizers: Avrim Blum, Leonard Schulman, Alistair Sinclair, Vijay Vazirani 
and me) two NSF-funded workshops. These seek  “to identify and pursue novel insights 
that may be obtained by applying a computational worldview to the Natural, Social and 
Mathematical Sciences,” where “the goal is to not just identify areas of scientific 
computation where new algorithms are needed, but also instances where computational 
concepts play a role in understanding the underlying phenomena.” 
  
 Prominent researchers from many disciplines attended and spoke at these workshops, 
which were great fun. The talks were also videotaped; you can view them at: 
http://www.cs.caltech.edu/~schulman/Workshops/CS-Lens-1/cs-lens-1.html and 
http://www.cs.caltech.edu/~schulman/Workshops/CS-Lens-2/cs-lens-2.html. 



At the website for the second workshop, you can also watch videos of brief presentations 
by Michael Foster of NSF and Dick Karp that explicitly allude to the CDI.  The 
workshop organizers also plan to write a 20-page report (watch the workshop website in 
June) on the major themes of the conference.  
 
The list of topics and speakers at these workshops is, of course, the result of many 
random influences, including availability of speakers on those dates. These lists should be 
seen as suggestive rather than exhaustive.  
 
Suggestions for how to participate in CDI 
 
Clearly, a multidisciplinary view infuses CDI, perhaps even more so than the former ITR 
program. Our community participated vigorously in the ITR program, often via 
interesting multidisciplinary collaborations. It has the potential to participate in CDI at an 
even larger scale. 
 
Research Questions: 
 
During the past decade, theoretical CS has made connections with other disciplines, most 
notably Physics (Quantum Computing and Statistical Physics), Biology (Computational 
Biology), Economics (mechanism design, game theory, internet auctions, etc.), Social 
Science (“web sociology”), Information Theory (list decoding, graphical codes). These 
connections often start with a few papers (e.g., Shor’s paper) and ultimately blossom into 
bona fide subfields with their own conferences and workshops.  
 
The above-mentioned workshops explored several other areas where similar subfields 
could develop in the foreseeable future. Here are some themes that caught my eye. 
 

• Regulatory networks and systems biology. It is an open problem to go from our 
current understanding of the genome to an understanding of the entire organism. 
The first step is to understand the functioning of the cell. Current efforts involve 
circuit-like regulatory systems, and the problem of inferring such circuits from 
data is quite reminiscent of machine learning. (See especially the talk of David 
Botstein; for additional ideas see the talks of Bejerano and Arkin.) 

• Neuroscience.  Recent experimental evidence suggests that the “neural nets” 
inside human brains use something similar to Temporal-Difference (TD) learning, 
a well-studied algorithm in machine learning. The story of these experiments and 
other related work  appears in talks by Dayan, Sejnowski, and Rangel. The first 
two talks also sketch the promising overlap between neuroscience and algorithmic 
research. Rangel focuses on implications of neuroscience research for economics. 

• Swarm algorithms. How can computational elements in 3-D space  compute gobal 
quantities using low-cost, low-memory, and low communication protocols? This 
setting is quite reminiscent of parallel computation, except instead of using a 
custom communication network the nodes rely on wireless.  The study of such 
systems is also connected to questions in study of natural systems such as bird 



swarms. See the talk by Jadbabaie, a control theorist. I can easily see this topic 
becoming a fixture at theory conferences akin to say streaming algorithms. 

• Models of molecular scale VLSI as well as algorithm design for those models.  
We all know that if Moore’s Law has to continue to apply in the next decade, then 
computing elements must miniaturize to the molecular or atomic level. At first 
glance, it seems that we should be able to apply our well-developed theories of 
cellular automata  and VLSI computation to these settings as well. However, Phil 
Kuekes of HP Labs suggests that some of the assumptions made in those old 
theories are physically unrealistic. (This understanding of mine is based largely 
upon some private conversation following his talk, which is not on videotape.) 
Thus one could foresee a long sequence of papers on algorithms for more realistic 
models ---how to model and design such chips, and use them to do computation 
(akin to the theory of Parallel and VLSI computation from the 1980s).  

• Computational models for nanotechnology. Several nanotechnologists spoke at 
the workshops. Arkin articulated some computation-inspired open problems for 
the field.  

• Understanding the algorithmic power of physical theories. In a nutshell, do for 
other physical theories what quantum computing does for quantum mechanics. 
See the talks by Preskill and Vazirani. 

• Intersection of EE and CS theory. This is a vague suggestion rather than a well-
defined research question area. It seems that EE theory and CS theory have 
different philosophical viewpoints --- a lot of EE theory clearly comes out of the 
continuous math tradition whereas CS theory comes from the discrete math and 
logic tradition. (See the talks by control theorists Murray and Jadbabaie to get 
some idea of what I am talking about.) This difference allows both fields to focus 
on different kinds of questions and prove different kinds of theorems. Perhaps 
both would be richer if they borrowed more ideas from each other.  

• Computational views of games and networks.  This topic is familiar to CS 
audiences by now but the talks by Kalai and Kleinberg are nevertheless thought-
provoking.  

• Testing of astrophysics  theories. Connolly’s talk describes how one tests models 
of the universe by running relatively simple tests on large data sets to see how 
they match the prediction. I am no expert in astronomy but it seems that notions 
of interesting graph properties, and even concepts from learning, property testing, 
and pseudorandomness, might prove useful.  

 
 
Educational opportunities: 
 
Our standard theory undergrad courses are essentially unchanged from the 1970s, even as 
the target audience has arguably changed. What CS theory would you teach to an 
undergrad who may never write a compiler or study the architecture of a CPU? What CS 
would you teach an undergraduate (or high schooler) who will never even write a 
computer program? Several people in our community have been thinking about these 
issues. Some examples are: (i) Mike Fellows’ CS Unplugged website 
(http://www.unplugged.canterbury.ac.nz/ ) (ii) several pioneering courses in 



computational biology and quantum computing (iii)  Mike Kearns’s course Networked 
Life (http://www.cis.upenn.edu/~mkearns/teaching/NetworkedLife/)  (iv)  Kleinberg and 
Easley’s course Networks (http://www.infosci.cornell.edu/courses/info204/2007sp/) (v) 
Chazelle and Charikar’s forthcoming course Reasoning about Computation, which seeks 
to replace the traditional “Math for CS course” (vi) (alert! shameless plug)  my own 
freshman lab course for non-CS majors, The Computational Universe 
(http://www.cs.princeton.edu/courses/archive/spr06/cos116/). 
 
It is likely that NSF and the Computer and Information Science and Engineering (CISE) 
directorate will be interested in such efforts, especially if they lead to novel, 
interdisciplinary modes of training for computer scientists and non-computer scientists, 
as mentioned in the fifth theme of CDI. Furthermore, Jeannette Wing of CMU, who has 
been chosen to lead CISE starting July’07, has argued forcefully that “computational 
thinking” will become an essential part of  education in the 21st century, together with the 
three Rs (reading, writing and arithmetic).  She emphasizes that “computational thinking” 
refers to more than just computer programming and computer literacy; see 
http://www.cs.cmu.edu/afs/cs/usr/wing/www/ct-paper.pdf 
 
I look forward to many more innovative courses and hopefully, books, coming from 
researchers funded from CDI.  
 
This and that 
 
It is too early to predict the budget for Theory of Computing in 2008. There are some 
indications for an increase.  
 
It had seemed for a while that the Scientific Foundations for Next Generation Internet 
(SING) program would bring lots of new funding for theoretical research in the 
networking and networks area, but those hopes have not yet materialized. SING is still 
being funded largely out of the budget of the existing Theoretical Foundations (TF) 
cluster. We hope that it will get independent funding in future. There is also some hope 
that the current structure of the NSF, which disadvantages theoretical CS (as pointed out 
in our earlier reports), will be changed, though this will now have to wait until Jeannette 
Wing takes over at CISE. 
 
For the past year, SIGACT chair Richard Ladner has been serving on the CISE Advisory 
Committee, which advises the head of CISE. We recently heard that Dick Karp will be 
the next chair of the Advisory Committee. Please contact them if you have any 
suggestions. 
 
Finally, the entire community is very grateful to Bill Steiger of Rutgers for serving 
admirably as ToC program officer for the past two years. Ideally we should have a 
pipeline of excellent people ready to carry his work forward. Easier said than done, alas. 
 
PS: Our program officers at NSF are always on the lookout for good “nuggets” about 
research done with NSF support. Please write good, readable nuggets; it helps the field. 


