FRESHMAN SEMINAR PROPOSAL

The Information Revolution: Insights into Technology, Language, and
Biology

Information exchange and transfer are basic to human existence and are common to a
variety of technological, physical, chemical, biological, and social processes. For
example, much of the information technology that has dominated the technological
landscape of the late 20th and early 21st centuries is designed to enable these functions.
Moreover, humans use spoken, written, and symbolic languages to communicate in many
diverse ways. On the other hand, in the biological context, information exchange at the
cellular level involves chemical signaling, and is basic to many biological processes
including the transfer of genetic information from generation to generation. Irrespective
of the means of communication, the primary goal of all information exchange is the
reliable transfer of information. In its highest form, the theory of reliable communication
encompasses sophisticated mathematical ideas. However, the fundamental concepts at the
heart of this theory, developed in the 1940s by the renowned engineer and mathematician
Claude Shannon, are both intuitive and general enough to be understood by a wide
audience.

Shannon introduced three basic concepts to characterize information transfer and used
them to develop his fundamental theory of reliable information transfer. These concepts
are: entropy, a quantitative measure of the information in any system; coding, a method
of introducing redundancy to information to achieve reliable communication; and
compression, a technique for reducing information to its minimal form in order to
transmit or store it as efficiently as possible. The contributions of Shannon and his
successors over the past half a century led to an information revolution and an explosion
of innovative new technologies to communicate, process, and store information. Today’s
ubiquitous wired and wireless communication networks, as well as the computers, media
players and storage devices that are an inseparable part of our daily lives, are testaments
to the application of Shannon’s fundamental ideas. Further, the universality of Shannon’s
concepts has led to their application in a variety of other areas such as linguistics,
genomics, neurosciences, quantum mechanics, and cryptography.

In this seminar, we will study Shannon’s fundamental ideas and the insights they bring to
a wide variety of fields, such as those noted above. We will first discuss the basic
concepts of entropy, coding, and compression. Then, we will examine a series of
examples from linguistics, biology, finance, history, genetics, and modern digital
communications, to illustrate these concepts and to demonstrate their power and
simplicity in characterizing the primary objective of communications: reliable
information transfer.

Classroom activities will include the presentation and discussion of the fundamental
concepts of information and communication, discussion and analysis of a selection of
examples and reading materials, interaction with guest lecturers, and student
presentations. Also included will be two hour-long interactive experiments, one at the



beginning of the course and the other towards the end of the course, that demonstrate the
fundamental principles discussed in the course. The mathematical tools required for this
seminar are basic and should be accessible to all Freshmen with knowledge of high-
school calculus.
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