American Institute
of Mathematics

UTMOST
Undergraduate Teaching of Mathematics
with Open Software and Textbooks
National Science Foundation DUE-1022574

Rob Beezer Jason Grout Marja-Liisa Hassi Tom Judson Kiran Kedlaya William Stein

U of Puget Sound Drake University U of Colorado, Boulder Stephen F. Austin MIT & UC San Diego U of Washington, Seattle
beezer(@ups.edu Jjason.grout@drake.edu marja—liisa.hassi State University kedlaya@mit.edu wstelnd@gmail.com

@colorado.edu judsontw@sfasu.edu

Free Open Source N Free Open Source _ |Wide integration of technology

Math Software Textbooks & Curriculum Driven by teachers themselves

Project Overview Open Software Open Textbooks

Project Activities

“Our proposition is that freely-available open software, Sage Notebook Interface in a Web Browser Linear Algebra Textbook (PDF, Print) CCLI Phase 2 Grant

open textbooks, and other open curricular materials SOGE The sage Notebook i Tt | e | Pt | Lno | Setnse | by | St | S - September 2010 to August 2013
can allow teachers everywhere to transform the under- Toylor Series Sage FDV

Free and Dependent Variables

" . . File..  -|/Action.. ~||Data.. ~-|[sage  ~| [ Typeset B Print Sage has the .pivot() command to quickly and easily identify the pivot columns of the
g rad U ate m ath e m atICS CU rr|CU I U m by tlg htly and Seam - reduced row-echelon form of a matrix. Notice that we do not have to row-reduce the matrix
f(x) = sin(x)+x*2*cos(x)+sqrt(x) first, we just ask which columns of a matrix A would be the pivot columns of the matrix

IeSS|y |nteg ratl ng mathematlcs SOftWare Wlth more tra- I:Etgisfgﬂ;‘ft[i%%fil?fﬁﬁt?;ﬁigﬁ%jgfﬁﬂﬁiifg’reen-,thicknesszﬂ for i in range(4)]) B that is row-equivalent to A and in reduced row-echelon form. By |Deﬁnition IDV| ,

show(f_plot+t_plots, ymin=-250,ymax=200, figsize=12) the indices of the pivot columns for an augmented matrix of a system of equations are the

ditional curricular materials. e of the dependent varisbles, And the mainder ate fee variables, Bt be corefil Sage Notebook: Software Improvements

starting from one.

Let’s reprise [Example ISSI] [65]. Server Scalabi | ity
sage: coeff = matrix(QQ, [

[1,4,0,-1,0,7,-8] Worksheet management

[2,8,-1,3,9,-13,71, .
Components o SR Interface improvements
1)

sage: const = vector([3,9,1,4])
sage: aug = coeff.augment (const)
sage: dependent = aug.pivots()

sage: dependent Sage Library COde
[0, 2, 3] L .
Usability improvements

Sage: Open Source Software for Mathematics

“Creating a viable free open source alternative to

Magma, Maple, Mathematica and Matlab.” e . S
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So, increasing each column index by 1 gives us the set D of indices for the dependent variables. To get the free variables, we can use the
following code. Study it and then read the explanation following.
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This is a Python programming construction known as a “list comprehension” but in this setting I prefer to call it “set builder notation.” Let's
dissect the command in pieces. The brackets ([, 1) create a new list. The items in the list will be values of the variable index. range(7) is another
list, integers starting at e and stopping just before 7. (While perhaps a bit odd, this works very well when we consistently start counting at zero.)
So range(7) is the list [0,1,2,3,4,5,6]. Think of these as candidate values for index, which are generated by for index in range(7). Then we test
each candidate, and keep it in the new list if it is not in the list dependent.
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where F is free, f is index, and D is dependent, and we make the 0/1 counting adjustments. This ability to construct sets in Sage with notation so
closely mirroring the mathematics is a powerful feature worth mastering. &
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