Sage at the US Naval Academy

by Prof. D. Joyner, Midn N. Albertson, Midn C. Miller, Midn D. Peters

Enlisting open-source standards and development strategies can give the U.S. military an edge in the
battlefield through greater speed and agility. - Department of Defense Deputy Undersecretary of
Defense Sue C. Payton. (http://weblog.infoworld.com/techwatch/archives/007552.html)

Open source is making a more important impact in the DoD because of its ability to both save
the DoD money and to allow larger teams of programmers to work together on a complex program
which a proprietary programs would not. The USNA is introducing the open source general purpose
mathematical software Sage (www.sagemath.org) into some of its mathematics courses. This article
explains some of the experiences using Sage in a Differential Equations class.

Sage can be installed on a variety of computers, from computers with multi-core processors
running Linux, to intel Macs running OS 10.4 or above, to Windows machines. Sage can also be run
from a webserver via a browser such as Firefox.

One way to use the Sage program is to use the online notebook which can be found at:
www.sagenb.org. The first time you use this program you will need to create an account so that you
can access the “Sage community” and openly distribute and discuss the Sage program and its
possibilities. The Sage program can also be freely downloaded and installed to your computer (from
www.sagemath.org), but the online version is a more convenient option for someone new to trying the
program.

When the notebook screen initially opens click on “new worksheet” and there will be an
outlined box (cell). You click in the cell and the cursor will appear. You then enter the command for
the operation you wish to compute. Each time you enter a command, press enter to go to the next line
in that cell. In order to execute all the commands within the cell press “shift+enter.” After running the
commands there will be an output, leaving you with the option of either modifying the previous
commands or moving to the next cell to enter a new set of commands.

Next, we demonstrate one of the computer exercises given in class. Five such exercises, selected
from the class webpage http://www.usna.edu/Users/math/wdj/teach/sm212/, were due by the end of the
semester, and then another five were allowed as extra credit.

The following problem models mixing brine and pure water in a tank of non-constant size and
then a tank of constant size, where the amount of salt at time t, A(t), satisfies the differential equation
A'+(4/(200-t))A=4, respectfully A'+4A=4. First, we solve the problem with a non-constant tank size.
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t,o = yar('t, c)
A = function{'A', 1)

de = lambda A: diff(A, t) + (4/(200-t))*A - 4
desolve(de(A(t)), [A, t])

solnA = lambda t, c: (c-4/(3*(t-200)"3))*(t-200)"4
solnA(t, <)

(c - 4/(3%(t - 200)73))*(t - 200)"4

solnA(o, c)
1600000000+ (¢ + 1/6000000)

cO® = solve([solnA(@, c) == 30], c)[@].rhs()
cl

-71/480000000

solnA(t, cO)
(-4/(3*%(t - 200)"3) - 71/480000000)*(t - 200)"4

P = plot(sclnA(t, c@), 0, 200)
show(P)
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Now here is the constant tank size version:



A = function('A', 1)
de = lambda A: diff(A, t) + 4%¥A - 4
desolve(de(A(t)), [A, t1)

e™(-(4rt))*(e™(4Ht) + C)
solnh = lambda t, c: c*exp(-4+t)+1
solnA(t, c)

cre™(-(4*1)) + 1
c@ = solve([solnA(@, c) == 301, c)[@].rhs()
cl

29

solnA(t, cO)
29%e™(-(4%1)) + 1

P = plot(selnA(t, c@), 0, 2)
show(P)
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The Sage website www.sagemath.org has lots of documentation (a tutorial, a reference manual,
and so on). As opposed to expensive proprietary commercial programs such as Maple or Mathematica
or Matlab, each of which has their own own language, Sage is based on the widely-used Python
language, making it a great choice for courses which have a technology component. If you are not sure
of the proper command, you can enter just the beginning and then hit the “tab” key to ask Sage to
complete your command, then add a “?” at the end and hit “shit+enter” to get inline Sage
documentation which has an explanation of the command and examples of it's use for proper syntax.

Sage worksheets created in the Sage notebook (either online or on your computer) can be saved,
downloaded, and emailed to a teacher or friend. They can they open up your worksheet in their copy of
Sage. This idea is similar to the idea of a Maple worksheet, except Sage is free.

There is even an email list devoted to those who wish to develop the educational uses of Sage

(http://groups.google.com/group/sage-edu). And best of all, Sage is free!
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