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Abstract

Sage-Math Server for L.A.,

Linear Algebra

Mobile Sage App.,Sage-Math+Smartphone

Mathematical tools have long held an important role
in our classroom. Sage-Math has efficient features
which utilize the internet and can handle most
mathematical problems, including linear algebra,
l b bi t i i l th ti dalgebra, combinatorics, numerical mathematics and

calculus.

In this talk, we introduce a mobile Math infrastructure
of Sage with Android phones. Then we show our
Android App for learning of Linear algebra that you
can download for free from Android Market.
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http://www.sagemath.org/
Prof. William Stein at University of Washington 
introduced Sage in Jan. 2005. Current version: 
Sage-4.6

Sage-Math

It works for Number theory, Calculus, Linear algebra, 
DE, Combinatorics, Abstract algebra etc,

Nov. 2007. Sage won first prize in Les Trophées du 
Libre (the best existing free software prize)

Free http://math1.skku.ac.kr

Sage-Math Server v4.1
at Sungkyunkwan Univ.

Free
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Sage-Math for Linear Algebra
Linear Algebra — Sage Tutorial v4.6 
sagemath.org/doc/tutorial/tour_linalg.html 

A First Course in Linear Algebra "quick reference" summary of

SKKU Sage-Math v4.1

Sage-Math for Linear Algebra

A First Course in Linear Algebra, "quick reference" summary of 
the core of Sage's linear algebra routines.    linear.ups.edu/sage-
fcla.html 
Sage Quick Reference: Linear Algebra. Robert A. Beezer. Sage 
Version 3.4 
http://wiki.sagemath.org/quickref

Basic Sage Linear Algebra -- Sage -
b /h / b/55/sagenb.org/home/pub/55/ 

You-Tube : SAGETutor_5_LinearAlgebra
teachertube.com 

http://math1.skku.ac.kr

x, y = var('x, y')
implicit_plot(x + 2*y - 4, (x,-2, 4), (y,-2, 3)) + implicit_plot(x -
y - 1, (x,-2, 4), (y,-2, 3)) 

Sage-LA

x, y , z = var('x, y, z')

implicit_plot3d(x + y + 2*z- 4, (x,-3, 3), (y,-3, 3), (z, -3, 3 ), r

gbcolor=(1,0,0)) + implicit_plot3d(x - 2*y + 3*z - 5, (x,-3, 3),

(y,-3, 3), (z, -3,3), rgbcolor=(0,1,0)) + implicit_plot3d(2*x - y

- z - 1, (x,-3, 3), (y,-3, 3), (z, -3, 3 ), rgbcolor=(0,0,1))
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Linear transformation

var('u v')

from sage.ext.fast_eval import fast_float

from functools import partial

@interact

def trans(x=input_box(u*2-v*2, label="x=",type=SR), ₩

y=input_box(u*v+cos(u*v), label="y=",type=SR), ₩

t_val=slider(0,10,0.2,6, label="Length of curves"), ₩

u_percent=slider(0,1,0.05,label="<font color='red'>u</font>", default=.7),

v_percent=slider(0,1,0.05,label="<font color='blue'>v</font>", default=.7),

u_range=input_box(range(-5,5,1), label="u lines"),

v_range=input_box(range(-5,5,1), label="v lines")):

thickness=4

xuv = fast_float(x,'u','v')

yuv = fast_float(y,'u','v')

xvu = fast_float(x,'v','u')

yvu = fast_float(y,'v','u')

g3=sum([parametric_plot((partial(xuv,i),partial(yuv,i)), t_min,t_max, rgbcolor=(1,0,0)) fo

r i in u_range])

g4=sum([parametric_plot((partial(xvu,i),partial(yvu,i)), t_min,t_max, rgbcolor=(0,0,1)) fo

r i in v_range])

vline=parametric_plot((partial(xvu,v_val),partial(yvu,v_val)), t_min,t_max, rgbcolor=(0,0,

1) li t l ' ' thi k thi k )

Sage-LA  2

u_val = min(u_range)+(max(u_range)-min(u_range))*u_percent

v_val = min(v_range)+(max(v_range)-min(v_range))*v_percent

t_min = -t_val

t_max = t_val

g1=sum([parametric_plot((i,v), t_min,t_max, rgbcolor=(1,0,0)) for i in u_range])

g2=sum([parametric_plot((u,i), t_min,t_max, rgbcolor=(0,0,1)) for i in v_range])

vline_straight=parametric_plot((u,v_val), t_min,t_max, rgbcolor=(0,0,1), linestyle='-',thi

ckness=thickness)

uline_straight=parametric_plot((u_val, v), t_min,t_max,rgbcolor=(1,0,0), linestyle='-',thi

ckness=thickness)

(g1+g2+vline_straight+uline_straight).save("uv_coord.png",aspect_ratio=1, figsize=[5

,5], axes_labels=['$u$','$v$'])

1), linestyle='-',thickness=thickness)

uline=parametric_plot((partial(xuv,u_val),partial(yuv,u_val)), t_min,t_max,rgbcolor=(1,0,

0), linestyle='-',thickness=thickness)

(g3+g4+vline+uline).save("xy_coord.png", aspect_ratio=1, figsize=[5,5], axes_labels=[

'$x$','$y$'])

print jsmath("x=%s, ₩: y=%s"%(latex(x), latex(y)))

print "<html><table><tr><td><img src='cell://uv_coord.png'/></td><td><img src='cell://

xy_coord.png'/></td></tr></table></html>"
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Sage-Math

http://math1.skku.ac.kr
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Chapter 4 Section 1 Example 17 : http://math1.skku.ac.kr/home/pub/253/

Chapter 4 Section 2 Example 3 : http://math1.skku.ac.kr/home/pub/254/

Chapter 4 Section 4 Example 4 : http://math1.skku.ac.kr/home/pub/255/

Chapter 4 Section 5 Exercise 3 : http://math1.skku.ac.kr/home/pub/18/

Ch t 5 S ti 1 E l 1 : htt :// th1 kk k /h / b/40/

You can find what we have done on LA with it 

Chapter 5 Section 1 Example 1 : http://math1.skku.ac.kr/home/pub/40/

Chapter 5 Section 4 Example 1 : http://math1.skku.ac.kr/home/pub/29/

Chapter 6 Section 2 Exercise 4 : http://math1.skku.ac.kr/home/pub/38/

Chapter 6 Section 3 Example 2 : http://math1.skku.ac.kr/home/pub/286/

Chapter 6 Section Example 3 : http://math1.skku.ac.kr/home/pub/4/

Chapter 7 Section 3 Example 1 : http://math1.skku.ac.kr/home/pub/147/

Chapter 7 Section 5 Example 4 : http://math1.skku.ac.kr/home/pub/148/

Chapter 7 Section 7 Example 6 : http://math1.skku.ac.kr/home/pub/43/

Chapter 7 Section 8 Example 2 : http://math1.skku.ac.kr/home/pub/149/

Chapter 8 Section 1 Example 2 : http://math1 skku ac kr/home/pub/287/Chapter 8 Section 1 Example 2 : http://math1.skku.ac.kr/home/pub/287/

Chapter 8 Section 4 Example 7 : http://math1.skku.ac.kr/home/pub/256/

Chapter 9 Section 1 Exercise P5 : http://math1.skku.ac.kr/home/pub/54/

Chapter 9 Section 2 Example 11 : http://math1.skku.ac.kr/home/pub/75/

Chapter 10 Section 2 Example 2 : http://math1.skku.ac.kr/home/pub/39/

Chapter 10 Section 3 CAS Project 1 : http://math1.skku.ac.kr/home/pub/53/

Mobile Decade
Growth of Mobile traffic (Voice and Data)

2 Mobile Phone

Growth of Mobile traffic (Voice and Data)

(Unit: Million $)

＼Year

Category
2002 2003 2004 2005 2006 2007

GrowthGrowth
('02~'07)('02~'07)

Voice 364,167 376,399 390,547 403,658 417,331 430,353 18.2%

Data 32 583 51 540 74 325 99 305 126 028 153 616
371.5

Data 32,583 51,540 74,325 99,305 126,028 153,616
%

Source: Source: Yankee, Yankee, SourceSource:  http:  http://www.ica.or.kr/lib/mobile/6.pdf://www.ica.or.kr/lib/mobile/6.pdf

Mobile Learning(m-Learning, Smart Learning)
http://www.m-learning.org/
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* Growth of Smartphone

(Unit: thousand

PhonePhone 20052005 20062006 20072007 20082008 20092009
G.R.G.R.

('05~'09)('05~'09)

Basic PhonesBasic Phones 201,247 180,616 154,297 138,976 122,679 --39.00%39.00%

Enhanced Enhanced 
PhonesPhones

519,688 554,668 596,084 623,724 634,429 22.10%22.10%

Basic Basic 
SmartphonesSmartphones 40,886 77,953 109,017 139,452 180,154 340.60%340.60%

Enhanced Enhanced 
SmartphonesSmartphones

2,383 28,815 49,496 72,948 98,450 4031.30%4031.30%

Wireless Wireless 
Cellular Cellular PDAsPDAs

4,547 5,673 5,520 5,604 6,096 34.10%34.10%

TotalTotal 778,751 847,725 914,414 980,704 1,041,808 33.80%33.80%

Source : Source : Gartner Gartner DataquestDataquest

Consumer plan :  47US$ = Unlimited Data and 300 min Voice + 200 SMS
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Variable mobile devicesGalaxy S Galaxy A

Smartphone
Phone + PDA + Tablet PC + Labtop + PMP

i phone

XPERIA X10

HTC
HTC Corporation

DESIRE

i-phone,
Google phone, 
etc

p

SKY IZAR & SIRIUS MOTOROI

Motorola
Motorola Inc.

Smartphone : i-phone, Google phone etc

Apple i-phone, Galaxy S
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Technology has made it possible to communicate over vast distances with a very wider 
audience.
• Available wherever and whenever,  • Content is adaptable to meet individual needs  
• Enhances knowledge                       • More independent

Benefits of mobile-Learning

Instant connectivity
PDA, smartphone

Ubiquity

Instant connectivity

Learning-community

M-Learning
SMS, Phone, SN

Self-directed

PersonalizationContents,
My own Speed

My own

Disadvantages of m-Learning

Sang-Gu LEE’s First WAP(wireless application protocol ) 
Server with Sage-Math v4.1  (Year 2008, v.1)

Sage-LA in Basic mobile phones

Sang-Gu Lee with Rae-Young Ko, Duk-Sun Kim and Jin-Yeong Bak (2009). Development of Mobile Sage-math and its use 
in Linear Algebra, J. Korea Soc. Math. Ed. Ser. E: Communications of Mathematical Education, Vol. 23, No. 4, Nov. 2009.

http://math1.skku.ac.kr/wap_html

① Write ③ Output(Arrived)

in Linear Algebra, J. Korea Soc. Math. Ed. Ser. E: Communications of Mathematical Education, Vol. 23, No. 4, Nov. 2009. 
483-506 

② Run (send)
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http://math1.skku.ac.kr/spla/LA_Example_2_1_4

No need of login for our Sage-Math WAP

Sage-Math on the with Android

Define a matrix and Find …  

Started to develop APPL for Smartphone(OS: Android)

Other tools that we found
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Math Reference

Math Reference
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Calculus tools

Calculus tools



2011-01-24

13

Many More : MathPac

MathPac
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MathPac

Math Workout+
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* Sage-Math with Android

Our Sage-Math Appl for Android

Sage-LA in Smartphone (2010)

PC Smartphone

smartphone
Server

1.order
2.computation

3. Answer

Generating  matrices Generating  matrices, find Echelon form

* Birth of Android App for Linear Algebra

Linear Algebra with Smartphone3

Cover First page

Linear Algebra

L. T. 
LSE

Student can use Android Smartphone to do LA with Sage (See Movie) 

matrix Diagonalization

JMM-LAwithSage.avi
wmv
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Linear Algebra with Sage

I.System of Linear Equations
II.Linear Transformation and Matrix  
III.Vector Space 
IV.Determinant
V.Eigenvalue and Eigenvector 
VI.Inner Product

LA 

Example Exercise

Sections

Inner product

* Vector equation of line and plane

* Functions Progress Bar~~~

Linear Algebra with Smartphone

g

Generating  matrices Generating  matrices

Run

① F (forward)

② H (home)

③ B (back)
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*  Functions (4)

Linear Algebra with Smartphone

Free at A. market

Our Key board for Sage-Math with Linear Algebra

New keyboard of Smartphone for LA

* Functions (5)

Linear Algebra with Smartphone

Sage-Math with Linear Algebra  : Tutorial
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* Graphing with Android App

Linear Algebra with Smartphone

Graphing functions

MENU, Help, Credits etc

Linear Algebra with Smartphone

Inner product and projection
Ch. 1 Vector

Vector operations

LA 

G ti V t

Ch. 1 Vector

Example Exercise

Sage-Math Tutorial

Vector algebra

Subspace
Vector

Generating Vectors
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Linear Algebra with Smartphone

* LA with Android App (1)

Linear Algebra with Smartphone

Norm and C-S Inequality
Command line for finding norm

4R , ,                ,                ,)0,1,0,1( −=x )1,0,0,1(=y (0,3,0,2)=z )0,2,0,2( −=w
x

20)1(01 2222 =+−++=x
norm of               is 
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Matrix Row operations

Linear Algebra with Smartphone

p

New Eng. version (in process):
Sage Calculator for Matrix

Quick Reference

Standard keypad
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Sage Calculator for Matrix

Matrix Row operationsp

SKKU – Matrix CalculatorSKKU Mobile Matrix Calculator

F
Independent of internet

Free

http://matrix.skku.ac.kr/2010-Matrix-Apk/index.html

p
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SKKU – Matrix Calculator for C. Phone
Matrix Info. 

Matrix 1

Matrix 3

How to use 

JMM-MatrixCalculator.avi
wmv

SKKU – Matrix Calculator
Matrix 1
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SKKU – Matrix Calculator

matrix

matrix

SKKU – Matrix Calculator
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SKKU – Matrix Calculator

Det

Matrix 1

inv

e.v. 

i t

e.v. 

eigenvector

eigenvector

SKKU – Matrix Calculator

Write a letter 

sender
Receiver

Matrix Info

Receiver

sender

Det

Phone book GroupRecent

send

Matrix 1

Inverse

Eigen 
system

JMM-MatrixCalculator.avi JMM-LAwithSage.avi
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New and Good feature of SKKU Mobile Matrix Calculator 

Matrix info – Matrix 2 SMS

E-mail
of your 

SMS of 
your work

work with 
your choice 
of  Matrix

[Another Appls] SKKU Vector Grapher

Draw  and Click 

Help

Vector addition

Projection
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Vector Grapher

View the Graph

Vector Grapher

View the Graph
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Vector Grapher

View the Graph

Our Vector Grapher

View the Graph
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http://www.wolframalpha.com
Wolfram Alpha  (Good and Bad)

Lit. Survey : Other Web-Math Program

Wolfram Alpha
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var('u v')

from sage.ext.fast_eval import fast_float

from functools import partial

@interact

def trans(x=input_box(u*2-v*2, label="x=",type=SR), ₩

y=input_box(u*v+cos(u*v), label="y=",type=SR), ₩

t_val=slider(0,10,0.2,6, label="Length of curves"), ₩

u_percent=slider(0,1,0.05,label="<font color='red'>u</font>", default=.7),

v_percent=slider(0,1,0.05,label="<font color='blue'>v</font>", default=.7),

u_range=input_box(range(-5,5,1), label="u lines"),

v_range=input_box(range(-5,5,1), label="v lines")):

thickness=4

Mobile Sage for LA can do lot more~~

u_val = min(u_range)+(max(u_range)-min(u_range))*u_percent

v_val = min(v_range)+(max(v_range)-min(v_range))*v_percent

t_min = -t_val

t_max = t_val

g1=sum([parametric_plot((i,v), t_min,t_max, rgbcolor=(1,0,0)) for i in u_range])

g2=sum([parametric_plot((u,i), t_min,t_max, rgbcolor=(0,0,1)) for i in v_range])

vline_straight=parametric_plot((u,v_val), t_min,t_max, rgbcolor=(0,0,1), linestyle='-',thi

ckness=thickness)

uline_straight=parametric_plot((u_val, v), t_min,t_max,rgbcolor=(1,0,0), linestyle='-',thi

ckness=thickness)

(g1+g2+vline_straight+uline_straight).save("uv_coord.png",aspect_ratio=1, figsize=[5

,5], axes_labels=['$u$','$v$'])

We have many things to do for innovative teaching of LA

Conclusion

In this research project, we have developed the Sage-
Math software for classes in Korea, in particular for
linear algebra classes. The Korean educational

i h h d d i ienvironment has changed due to improvements in
technology, and most students in Korea would like to use
the internet more in their studies.

Sage-Math is an excellent option for use in our linear
algebra classes, and we should obtain additional
enhancement from further development of Sage-Math in
three key areas: the localized updates in Korean, the
implementations of Sage-Math in classes, and the further
development of the mobile facility. We have introduced
the localization process in Korean, using some examples
from linear algebra. Finally, we have introduced our
development of the mobile Sage tools for teaching of LA.
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Appendix: Korean Mathematicians : Free 
Appl in A-market

http://matrix.skku.ac.kr/2011-Album/2011-Math-Appl/main.html


