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ABSTRACT

A project-based introduction to scientific computing that in addition to covering foundational
mathematical concepts, presents the Julia language as an introductory programming environ-
ment and uses the TEXMACS scientific editing platform to refine the concept of literate program-
ming to the requirements of reproducible computational research.

Computational modeling of natural phenomena has become a cornerstone of scientific inquiry,
completing the traditional methods of theory construction and experimentation. The distinctive
feature of scientific computation is exhaustive testing of our understanding of well-defined theo-
retical models, to an extent that is not possible without machines to rapidly carry out arithmetic
operations. This seminar will introduce students to the art of successful scientific simulation.
Simple models from the physical, biological, and social sciences will be introduced, given correct
mathematical formulations, implemented in computer code, and analyzed. Concepts from the
sciences, mathematics, and programming will be introduced as needed with no formal prerequi-
sites beyond typical high school material. The objective will be to produce “live” computational
documents that serve as virtual experiments for some field of scientific inquiry.

Relevance of computational approaches to science requires adoption of the scientific method
of verification of the predictions resulting from conjectures (or hypotheses or theories). For
scientific computing, the conjectures are the mathematical approach and implementation into
a program executed by a computer. Predictions are obtained from program execution and veri-
fied by comparison to known results or experiments. Such computational predictions should be
reproducible. This course adopts the Julia programming language, a general-purpose language
with many features useful for scientific computing, as the environment to introduce the prac-
tices of reproducible computational research.

A key part of the scientific method is documentation of an investigation, clearly citing sources,
approaches, hypotheses, and results. Several specialized programming languages have been
developed for this purpose (TEX, LATEX, Markdown), some with an explicit focus on documenting
theoretical approach and computer implementation simultaneously (web), a practice known as
literate programming. The project-based approach of this course seeks to instill this practice
of scholarship into all aspects of scientific computing, defining a literate programming approach
based upon the TEXMACS platform in conjunction with Zotero reference management.
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