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Abstract .
» Sage-Math Server for LA, ; ——

» 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,
algebra, 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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0 SELERVE)
Q Mobile Phone

http://www.sagemath.org/

» Prof. William Stein at University of Washington
introduced Sage in Jan. 2005. Current version:
Sage-4.6

» 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)

F ree http://mathl.skku.ac.kr

Sage-Math Server v4.1
at Sungkyunkwan Univ.
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Sage-Math for Linear Algebra

» Linear Algebra — Sage Tutorial v4.6 SKKU Sage-Math v4.1
» sagemath.org/doc/tutorial/tour_linalg.html

» 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/quickre’ "z

» Basic Sage Linear Algebra -- Sac
» sagenb.org/home/pub/55/
» You-Tube : SAGETutor_5_Linea T e

» teachertube.com =
http://mathl.skku.ac.kr _ =]

2|
1
Sage-LA °
1
2

X,y= var('x, y') T T T I3
implicit_plot(x + 2*y - 4, (x,-2, 4), (y,-2, 3)) + implicit_plot(x -
y- 1’ (X,-Z, 4)9 (y,'29 3”

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

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

sqr{3y2

25

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), W

y=input_box(u*v+ cos(urv), label="
t_val=slider(0,10,0.2.6, label="Length of curves"), W

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

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

lt_min = ~t_val

jt_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), i
ckness=thickness)

uline_straight=parametric_plot((u_val, v), t_min,t_max,rgbcolor=(1,0,0), linestyle='~",thi
ckness=thickness)

(gl+g2+ v =1, figsize=|5|

xuv = fast_float(x,'u','v")
yuv = fast_float(y,'u','v"
xvu = fast_float(x,'v','u")

yvu = fast_float(y,'v','n")

riin u_range])

riinv_rangel)

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

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

5], axes_li

Lengh of curves £ DO00000000000
. o]
HOOO0000000000
whees |54 14
viees |5 4.1 14
W e
| »
.
BE] 0 =
'
it
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Sage-Math

a3

http://mathl.skku.ac.kr s o oo on

2.4 Example

Now we show an example related with function projections. In what follows, f{x) is a continuous
function on [—m, 7], Jy is the space of trigonometric polynomials of order < N, and p(z) is the
orthogonal projection of f{x) onto Jy.

plz) =ac+ Ele(an cosne + b, sinn)
where ag = <LE1> = L (7 f(5)dy

2w J—
_ = fiz). = _ 17
0 = Zoenmeeenzs = 7 J_r f(2) cosnzdz

bn — <f{z)einne> _ %f:-r f(x)sinn:rdx

Zein nrannrs

The constants aa, a1, by, bz, .. . are called Fourier coefficients. It is in general a complicated prob-
lem to find p(x) for an arbitrary f(x) without computational tools, but Sage-Math gives the result by
symbaolic integration (see [8]) with just a few commands. We can see this process on the website,
httpe//math1.skku. ac.ko'home/pub/75/.

def Get_IN(f, N):
al = {1/2%pi)) * inteeral(f. x. -pi. ni)

cos(n*x}), X, -pi i
arnin [T N

K P /
i |r \\ =

|Figure 7 fix) = x and its projection p(z) on Jie]
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You can find what we have done on LA with it

Chapter 4 Section 1 Example 17 : :
Chapter 4 Section 2 Example 3 : htip:/
Chapter 4 Section 4 Example 4 : hitp://mathl skku.ac kr/home/pub/255,
Chapter 4 Section 5 Exercise 3 : http://mathl.sklku.ac.kr/home/pub/18/
Chapter 5 Section 1 Example 1 : hiip:/ )}
Chapter 5 Section 4 Example 1 : htip://mathl.skku.ac.l
Chapter 6 Section 2 Exercise 4 : hitp://mathl skku.ac kr/home/pub/38/

nath1.skku.ac

/math1.skku.ac.kr/home/pub/254/

//math1.skku.ac.kr/home/pub/40/
e kr

c.kr/home/pub/29/

/

»

»

»

»

»

»

»

»  Chapter 6 Section 3 Example 2 : hitp://mathl sklku.ac. kr/home/pub/286/
» Chapter 6 Section Example 3 : hitp://mathl. skku.ack/home/pub/4/

» Chapter 7 Section 3 Example 1 : htt
»

»

»

»

»

»

»

»

»

~/

p://math1.skku.ac.kr/home/pub/147/

Chapter 7 Section 5 Example 4 : hit kr/home/pub/148/

p:
I
Chapter 7 Section 7 Example 6 : hitp
I
p:

/math1.skku.ac
/math1.skku.ac.kr/home/pub/43/

o

Chapter 7 Section 8 Example 2 : hitp://mathl.skku.ac
Chapter 8 Section 1 Example 2 : hitt
Chapter 8 Section 4 Example 7 : hiip:/
Chapter 9 Section 1 Exercise P5 : http://mathl.sklku.ac. kr/home/pub/54/
Chapter 9 Section 2 Example 11 : http://mathl.skku.ackr/home/pub/75/
Chapter 10 Section 2 Example 2 : htip://mathl.skki.ac.lr/home/pub/39/
Chapter 10 Section 3 CAS Project 1 : hitp://mathl.sklku.ac kr/home/pub/53/

kr/home/pub/287/

=)

!
.k
!
kr/home/pub/149/
B!
.k

//math1.skku.ac

/math1.skku.ac.kr/home/pub/256/

Mobile Decade
» Growth of Mobile traffic (Voice and Data)

(Unit: Million $)

\ Year Growth
2002 2003 2004 2005 2006 2007 o
Category ('02~'07)
Voice 364,167 376,399 390,547 403,658 417,331 430,353 18.2%
371.5
Data 32,583 51,540 74,325 99,305 126,028 153,616
%

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

Mobile Learning(m-Learning, Smart Learning)

http://www.m-learning.org/

2011-01-24
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* Growth of Smartphone

(Unit: thousand

G.R.
Phone 2005 2006 2007 2008 2009
(05~'09)
Basic Phones | 201,247 180,616 154,297 138,976 122,679 -39.00%
Enhanced | 519683 | 554668 596,084 623724 634,429 2210%
Phones
s 40,886 77,953 109,017 139,452 180,154 340.60%
Smartphones
Enhanced | 5 555 4031.30%
Smartphones
Wireless
Collul poas | 4547 5,673 5,520 5,604 6,096 34.10%
Total 778,751 | 847,725 914,414 980,704 | 1,041,808 | 33.80%

Source : Gartner Dataquest

Consumer plan : 47US$ = Unlimited Data and 300 min Voice + 200 SMS

Background:
‘m’ is for Mobile!

Mobile computers

phones

.| Media players
(podcasting +/- video)

‘hybrid’ devices




Smartphone

» Phone + PDA + Tablet PC + Labtop + PMP

Variable mobile d

I-phone,
Google phone,

SONY

etc

quistly briffast
HTC

HTC Corporation

ANTECH
8. CURITEL

SKY IZAR & SIRIUS

Motorola
Motorola Inc.

MOTOROI

Smartphone : i-phone, Google phone etc

Apple i-phone, Galaxy S

2011-01-24




Benefits of mobile-Learning

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

PDA, smartphone

M-Learning [SMS, Phone, SN

Contents, I.Z
My own Speed o d

Disadvantages of m-Learning

Sage-LA in Basic mobile phones

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

Sang-Gu Lee with Rae-Young Ko, Duk-Sun Kim and Jin-Yeong Bak (2009).
, J. Korea Soc. Math. Ed. Ser. E: Communications of Mathematical Education, Vol. 23, No. 4, Nov. 2009.
483-506

http://math1l.skku.ac.kr/wap_html
@ Write ® Output(Arrived)

VA el
an
st e A, 3108 A1)

& duts s
{ W I
L

®@ Run (send)
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Sage-Math on the with Android

No need of Iogin for our Sage-Math WAP
http://mathl.skku.ac.kr/spla/LA_Example_2_1 4

« C A D~ 1 O hup/mathLskluacks

) Kampa [y ReG-15 B sage-miacht [ Sageduuthy W wikipeds [ Sag®a

| Define a matrix and Find ... _

Assatrin(00.3.3.01.1.2.2.4,-3.3.6. 5] )
A

Ly .-\ ]
T i1 2 ey
[z 4-3] E
(385 Ta
WE AR BARCH
. .!rlxy..-\'J

o ® Started to develop APPL for Smartphone(OS: Android)

Get Android 2.2

Other tools that we found

2011-01-24
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Math Reference

Ho s OF 4:31 H o 2za31 | £ oicioj 212 5t ELCH
Math Reference Math Reference MathRef...Basic
Ol INDEX
{ T7MINF
Qlsivaving & . OO0
Quizmine e
Fractions

M_ng_ef

Math Percentages

Reference
o
For questions please email

Formula Pack QuizmineGroup@QuizMine.com

Simple Interest
Algebra

Geometry

Math Reference

r
MathRef.. .Advanced

Linear Algebra Linear Algebra
INDEX Linear Algebra Properties of conjugate -

; Lincar algebra bs a branch of mathematics concerned with the (1) (A) = A
Tr|gon0me1ry sy of vectors, with families of vectors called vector spaces or

Encar spaces, and with finctions that input onc vectar and () (A< B) =R+ B
|| output another, acconding to certain nales.
(i) e ) = &

4 i
Advanced Algebra ) T A
A lincar equation in n wnknowns 1. 8-+ %n is an equation of
the farm “Transpose Conjugate of a Matric:
. The f the conj of in. It is denated by A® .
Linear Algebra B4 a etk e

of Transpose of conjagate: -
|| where 21.93. - 2 fare given real numibers. For example, with x - (Secondary Iformation):-
and y instead of 1 and 2,the linear equation 2+ 3y= &

Algebra of Matrices the line pawing through the poiaes 0,0 10d (0, 2. KA =Ra®
| Asotcn of kncar equations () (A B)" = B* A"
Series and Sequences Ayt o eilacra of the o i) (A" = A
By ¢ )Ry s Bty b o b ByZy =By () (A+B" = A"+ B
@ty + dps dp¥y e e Dty =f, p— 3 -
DeriVatiVeS e put iy 6 SPECIAL MATRICES:
: : ; i Maee
iy ¢ Gyt Bpys ot Gy by A scpuare matrix s wsid to be hermition if A = A®
z where the values of @, & and %j are from the set of complex ¢ i
Integration i b S e il

11



Calculus

£ oo A7 55 5.

Add Function

Formula

ph

Calculus tools

G X gy 2543l £ olco A4 85 5.
® rect @ Polar @ Param

Functions Window Clear All
Zoom In Zoom Cut e
=2

£ oiciol A71do| ehsigaLch

2011-01-24
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Many More : MathPac

r Q% e 2420

Math Calculations

QX e 2F428
Equations & Grap}rs

“slope, Intercept Equation

"Factor a Quadratic Equation 12 :LQ/
s Y3Rs g

Display Sequence

Vi

Matrix Calculations " "Calcs on Graphed Functions,

"Regressions

MathPac

w | &

Calculations... | Zoom In
a ]
|
Zoom Out | Window Options...
i ©
Show Table View LR

2011-01-24
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MathPac

it Equation

£ oo A7)
Slope, Intercept Equation

Pointl, X: 1

Pointl, ¥: 2

Point2, X: 3

Point2, Y| -4

Calculate Graph

y=-3x+5
Slope, m = -3

y-Intercept, b =5

Math Workout+

G 3%l » 2F 430

Math ==
Workout+

Test your mental math and
exercise your brain once a day Addltlon & 1 2 3
Addition &  Multiplication Subtraction
Subtraction & Division 4 5 6
I'm Feeling The Brain
Clever! Cruncher 7 8 9
Online World Math Blaster 0

Challenge Challenge

Clear

14



Our Sage-Math Appl for Android

Sage-LA in Smartphone (2010)

* Sage-Math with Android
Sage-Math _

Smartphone

* @ N - & O hipe/mathlakiuacksspla,

Echelon Form

Generating matrices

Amatrix(00, 14,210, [6,3.211):
A

k|
[Hzn
E32

o

* Birth of Android App for Linear Algebra

Cover First page
A @ 107 Am

. Contemporary Linear
Algebra
with Sage

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

JMM-LAwithSage.avi

wmv

2011-01-24
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Linear Algebra with Sage

£

Linear Algebra with Sage Linear Algebra with Sage

" . Contemporary Linear Algebra

&l i with Sage

o 1.System of Linear Equations

L I1.Linear Transformation and Matrix
I11.Vector Space

. o ”“'j R IV.Determinant

V.Eigenvalue and Eigenvector
VI.Inner Product

Linear Algehra with Sage

QM oan 25432
£ Linear Allgebra with Sage

BT E

" L=/  «aynges sy

* Vector equation of line and plane

— Coprprighets

Linear Algebra with Smartphone

. :
Functions Progress Bar~~~

Rl @ 7:06 am

Linear Algebra with Sage

! Echelen Form

Generating matrices Generating matrices
H [ Rsma0Q.04.2, 163,21 H - |A=matrin(QQ.[14.2,1116.3.211
A A
a ‘ L
[4 2 o 1421]
632 6 3 2]

@ F (forward)
® H (home)
® B (back)

N Echelon Form

oo

2011-01-24
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Linear Algebra with Smartphone

F t A ket
* Functions (4) ree @ marke

Our Key board for Sage-Math with Linear Algebra

AR © 6:51am Tl 651 am
platf x22d (5,5 plat{  (-55)

lim  drdx

matrix vecter

Inv | rank | det  per ey ewo

New keyboard of Smartphone for LA

Linear Algebra with Smartphone

* Functions (5)

Sage-Math with Linear Algebra : Tutorial

= FE R EETE " - :
25| s b i il Jr integrat f(z), = 0, Do f Fle)de o

€ . lexpl A2tolL ¥ 1 & e 624 0

Vopmwdsginesls [V, V2, V3. 00 |infinity . 0 . _

log | log A5 3k0 Lk W= )l 1c_>g(:c), 1qg(2). 1023} || oot gt f(z), (5900 jﬂfﬂi (;IE;,‘EL)@ = flz)
sinJfsin{ Aol ¥ )0 sin(z), sin(r) o - (7) = a ‘

— — 0ol wreas s

cos +cost AE=2rolLk vl )0 0s(z), cos(n)u SOlV.B*solve-([ flo Jfo].x)g f; ol W p2| |
tan Jtand #2000 A= ) tan(x), tan () o matty matr @A 18], o WD [

vector {vector(QQIE 21 .. &l JHE

osc |Usin€ =ghlir w2 00 [esela), cselm) o

REF |4 echelon_form{) ./ H¥2 REF Tt RREF #9470
ssc | Uoos{ ZA30LE 2 )0 [ secl). sec(r) iy [ 2 imvorso) - e A A vorso) 79471
cot | Utant =30k M= 00 |oot(a), cotlar) o vank 9% rank( J EEEEL e
- Yo limf(z) o det) |H ¥, determinamy) | A2 determinant P2 J
s |t , ==ininity) -
it M *ofinty) a0 per. | E.permanent() .| HE = permarent 27| o
\ d evs [ E eigenvalues( ./ HE 2 sigenvalues 7|
d/dz gt flz), = 1o — == . -
/dz g fla), = 1 /) s o] A o ght0)c |24 o EEEN

2011-01-24
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Linear Algebra with Smartphone

* Graphing with Android App

Graphing functions

| Y. 4;1uu|

E (3
- SAGE & fmoti
o ey
H
- H
e |
nEHAY wN As3247 g-1) E&W A%

212 g4 3217

E  [plotx 3, @

MENU, Help, Credits etc

Linear Algebra with Smartphone

Inner product and projection

Vector operations

| Rl @ 414 ml

am

,.
H
= N

mEp] swos oA VERY R
o

Sage-Math Tutorial

& 1250 am

£ Linear Aigebra with Sage

H (Vector)

% / EK_J
o
—_— T —

¢ Linear Algetra with Sage

.

Generating Vectors

Vector algebra

| Subspace

2011-01-24
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Linear Algebra with Smartphone

Linear Algebra with Smartphone

* LA with Android App (1)

Norm and C-S Inequality

Command line for finding norm

Rl @ z19am

(R4 eI =8, AOIT, IR S ol

g RS WE x y, 2, wE CHE 3 0| B 2% 2L
x=vector(QQU1,0,-1,00
y=vector(QQ.01,0,0,10)
z=vecion((0,[0,3,0,2])

H  (w=vectorlQQ.[2,0.-2.00

%

H e 32 = BiNorm)§ &l

g::: xnerml)
) [rmtwiw i
a2 D)
R4 , x=10,-1,0) y=(,001) z=(0,3,0,2) w=(2,0,-2,0)
norm of X s

X =22 +0% + (=) +02 =2

2011-01-24
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Linear Algebra with Smartphone

™ E

Matrix Canstructions

i)
Row Operations

Matrix Row operations o operions

3:20| 4+ RO O|ROTI WE N4 U YO

HEAY 84 2 42

A=matrix(ZZ, [[1.2].13,4115.601%
8

(ERO-1/ESTAS] 100} 2HE BT D, el WA HY

A swag_rows(0,1);
A

'ia =matrix(QQ.I1.2.31.14.5611k
A

|
o

[4 5 6]

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

Sage Caleulater for M

Free Worksheet

Matrix Constructions

Matrix Operations

Matrix Spaces

Row Operations

Echelon Form

Constructing Subspaces

Combining Matrices

Standard keypad

Sage Keyboard for
Linear Algebra

2011-01-24
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Sage Calculator for Matrix

™ F G # ™
Matrix Constructions Row Operations
Matrix Row operations S
32| J% WO 0JROIT HE Y 2 H HEA U % 4O
A=matrix(ZZ, [[1.2].13,4115.601k | Armatrix(Q0.I1.2.31.14,5611k
A A
o B
n 21 [ 23
[3 4] [£ 5 €]
g © 2910 M by o e s ekt A8 P oro L et VAR 38 10 25, by o b, AS S o Lot a2 VR AR

£ o

Row Operatio

(ERO-1/ESTAS] 100} 2HE BT D, el WA HY

Aswap_rows(0,1); (ERO-2/BFE8] 18034 00] OH 0+ 108 S0 oty ¥ %O
4 B.rescale_row(0,10)
]

e
[4 58] Al
nz3 (10 20 30]
[4 5 6]
| " Copreg 0T by e s d s

SKKU Mobile Matrix Calculator

K2 http://matrix.skku.ac.... 3

Mobile Matriz Calculator{m-MC)

Mebile M Colcubinorye. ) RS WE S o MC Aot
20 upddsne 1914151 RANE A HE ATIEAH HATRTLIC
it S E
MatrixCalculator.apk

[ i Ebe
MatrixCaleulatar.zip
[

i WEA M B B4 R WDERE DTHE HALK)
B AT - 404 Galary Sokrcresd 2. buged- 1, KTE DrsrmsAreirss

a1
Mabide Mistrix Calculatseim-MiE| WHT

L4 R S EEIMOIEE A0 RS WAELIC

Independent of internet

Free

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

2011-01-24
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SKKU — Matrix Calculator for C. Phone

Edit

Determinant

Calculate

Adjoint

Rank

5M5
Tra Back
SHHC i carmcrcat Tracaiing 1120 Divison S iaivematcat Wodeting 4., Ovison

SKKU — Matrix Calculator

Identity Random
(HEUE) (2igg)

S

S i o awRing 5.0, Divsion

2011-01-24
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SKKU — Matrix Calculator

Matrix Calculato

S

" SR i deRing 8.0 Division

SKKU — Matrix Calculator

> Adjoint Matrix > REF(Row Echelon Form)
> (Determinant)

15 -9
HEo| g 1159 -9 16

2011-01-24
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SKKU — Matrix Calculator

> Eigenspace

SKKU — Matrix Calculator

Q¥ . 2%436
64 byte

ojge: ;
- 5/53 -3/53
-3/53 16/159

1IRat:649
2 1FHE . (0.687,-0.726)
ARat:245

2 TTOBIE - 0 TI6 N EOTY

2011-01-24
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New and Good feature of SKKU Mobile Matrix Calculator

SMS of

your work

E-mail
of your
work with
your choice
of Matrix

[Another Appls] SKKU Vector Grapher

ector Grapher

| > Vector Grapher
wE| &

2011-01-24
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Vector Grapher

| gv1.040)
HE € (Vector Sum) Kﬁrmwl

Vector Grapher

820 w2020

2011-01-24
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Vector Grapher

HE| ZAI

g (-1020) p12.0.20)
(Vector Projection) w
.8)

w=projuv=(-040.28)

Our Vector Grapher

ector Grapher

HE{S| AZiatuf | 4020
(Scalar Multiplication)

2.0%(2.0,1.0)=(4.0,2.0)

27



Lit. Survey : Other Web-Math Program

Wolfram Alpha (Good and Bad)

http://www.wolframalpha.com

ﬁiWolfram.\Iphn

s e e oo . n{x}
% WolframAlp
s
T
.
1 1
1y

Wolfram Alpha

Q8w 2%4a17

% WolframAlpha
| sin x B

Input
sin(x)

Plots:

™M E G H o 28417
Wolfraroid

R L L e
& 120 5040 362880 39916B0C

Derivative:
d
— (sin{x)) = cos{x)
dx

Indefinite ntegral
I’\mrud..‘ = —cos(x)
Global maxima:

= +2nx

maxfun(x)} =1 at x= 2

2011-01-24
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Mobile Sage for LA can do lot more~~

6. CODOODD0CO0000
u i B TH0OON0A00000
v ] BTN

ulnes |6,4,2,2,1,0, 1,224

wvines |6 4,.3,:2:1,0,1,224]

We have many things to do for innovative teaching of LA

W=Z W, u- 2 W, U, W y=0 v + WeosWIelt u vright)

C

»

onclusion

In this research project, we have developed the Sage-
Math software for classes in Korea, in particular for
linear algebra classes. The Korean educational
environment has changed due to improvements iIn
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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