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Introduction ïThe Key Idea

Why is computing and information science relevant to 

nearly every academic discipline?

Why is it key to solving the worldôs hardest technical and 

social problems?

This talk will answer these questions, taking an historical 

approach, starting with computer science, the core 

subject of the computing and information sciences.
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The Evolving Character of Computer Science

Computer Science is a field created by impatient 

immigrants. They came first from logic, then 

mathematics, electrical engineering, linguistics, 

psychology, economics, neuroscience, and other 

fields.

They formed CS departments in the US circa 1965.
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The Evolving Character of Computer Science

The immigrants asked: How can we compute faster, 

better?

ïwith numbers, strings, formulas, sentences, 

pictures, movies, models of neurons, of the 

atmosphere, of materials, of the world, etc.

ïwhether using (five) mainframe computers or a 

billion cell phones.
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CS Reacts to Established Sciences

Physics: discovery of the fundamental laws 

of Nature.

CS: discovery of the fundamental laws of 

computing.
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Fundamental Laws of Computing

Alan Turing in 1936 gave us some 

fundamental theory: universal machines, 

unsolvable problems, like the Halting 

Problem, computable real numbers, and 

there was much more to come from him 

during WWII, at Manchester building 

computers, and stimulating AI in the 1950ôs.
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More Fundamental Theory

Russell and Church gave us type theory, 

and typed programming languages; the 

HOL type theory, widely used today in 

formal methods, is a direct descendent.

Church gave us Churchôs Thesis (also 

called the Church/Turing Thesis with 

variants for total functions, partial functions, 

and oracular machines).

Nachum Dershowitz will discuss proving this 

thesis in his talk.
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More Fundamental Theory

Hartmanis, Stearns, Rabin: Computational 

complexity of algorithms.

First reaction to this from mathematicians: 

asymptotic complexity is the wrong idea, 

weôll straighten you all out when we have 

time.

History: Led to the P=NP problem, one of 

the seven Millennium problems.
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More Fundamental Theory

McCarthy, Hoare, Scott gave us 

Programming Logics in the 70ôs which are 

still being used and extended today.

The idea of Mathematics as a Programming 

Language has a long and diverse history 

involving mathematicians, logicians, and 

computer scientists, with slogans such as 

Propositions-as-types and Proofs-as-

programs.
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CS Reacts to Other Sciences

Biology: study of all ñcreatures great and 

smallò.

CS: study of all automata finite and infinite.

Biology: study of living systems, energy, 

reproduction, information processing.

CS: study of computing systems, 

communications, fault tolerance, adaptation, 

correctness, evolution, etc.
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The Audacities

Physics : weõll make energy as 

does the sun!

Biology : weõll make life!

CS: weõll make thinking machines!
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The Realities

Physics: how about lasers and the Big Bang.

Biology: how about DNA and comparative 

genomics.

CS: how about the Internet/Web and Crypto.
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CS Reacts to Information Technology

With the rise of ñbillion dollar industriesò 

around PCôs, operating systems, 

databases, graphics, compilers, pdaôs, the 

Internet, the Web, search, and so forth, we 

get this definition of computer science.

CS is the science base for IT.
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Plan for the Remainder of the Talk

1. Reveal the key driving idea for near 

universal relevance by examples

2. Briefly examine impact on university 

structures

3. Historical Perspective and Conclusion
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Relevance of CIS ideas and methods by examples

Á Computational Biology          (Life Sciences)

Á Astronomy                              (Physical Sciences)

Á Social Networking                  (Social Sciences)

Á Computational Archeology     (Humanities)

Á Digital Age Mathematics

Á CS- Formal Methods               (Information Sciences)
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Bioinformatics ïGeometric Structure

Leghemoglobin in Plants

Myoglobin in Mammals

Ron Elber notes 

high degree of 

structural similarity 

is often observed in 

proteins with 

diverse sequences 

and in different 

species (below 

noise level ï15 

percent sequence 

identity).

Oxygen Transport Proteins



Yet Bigger Tomatoes
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Elber/Tanksley Discovery
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Elber/Tanksley Discovery - continued 

Human Ras p21

Ê Molecular switch based on 

GTP hydrolysis

Ê Cellular growth control 

and cancer

Ê Ras oncogene: single point 

mutations at positions 

Gly12 or Gly61
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Comparative Genomics from Gill Bejerano
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How did some of our

relatives go back?
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What we now understand

1. Ultraconserved elements exist.

2. They are maintained via strong on-going selection.

3. It is a heterogeneous bunch:

4. Some mediate splicing

5. Some regulate gene expression

6. Some express ncRNAs
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National Virtual Observatory

The PC is a telescope for viewing ñdigital starsò.
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Changing the face of astronomy

The astronomer Alexander Szalayhas said the work of 

computer scientists on the NVO has ñchanged astronomy 

as we know itò.

Machine learningapplied to large databases has led to 

new discoveries, e.g. new exotic sources, 

identification of unidentified sources.
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And we can even extrapolate to more complex exotic systems
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