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Motivation

o Mathematics education in e-Learning
* Limited to displaying texts and videos.

 Mathematical figures
—Indispensable for conceptual understanding
—lmages? inconvenient for interactive learning
* Needs for efficient graph drawing

— Easy, fast, and accurate drawing
— Natural interface




Ma’th pacKages - M Ma’rhemahca Maple
— e.g., In[1] =plot{ sin[x], {x, 0, 2Pi}]
Drawing tools - gnuplot, Graph€Q

— No direct manipulation

Geolaebra, Cinderella
- Menu-driven Interface

MS PPT - mainly for simple diagrams
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Graph Drawing by Equation
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Graph Drawing by Equation

o Simple keyboard input
y = 2*x"2 + 3
y =sin(X), y = 3%, y = log(x), y =
sqrt(x)
X2 +y*2 -1=20
y = f(X) + g(X), y = a*x*2 + b*x + ¢
a*x + b*y*2 + ¢ =0
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Graph Drawing by Equation



Graph Drawing by Sketch
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Graph Drawing by Sketch

® Pen gesture recognition
" Gesture set

o Fitting to a similar function/curve
= Common in the middle/high school math

e Modification
=" Changing the equation of a graph
" Moving the graph or its control points




name of

numb

example purpose er of
gesture
stroke
point m indicate wvertesx 1
solid Iine /.f cenerate straicht Iine L
delete e delete 2
quadratic \\u/ cenerate gquadratic func. 1
cubic /_\_/ cenerate cubic func. 1
loo / cenerate loo. func. 1
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ellipse @ /@/ cenerate ellipse 1 or 2
hyvperbola \I<‘_ cenerate hyperbola 2
narabola | ; - cenetrate parabola 2
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Graph Drawing by Sketch

© Pen gesture recognition
" Gesture set

o Fitting to a similar function/curve
= Common in the middle/high school math

e Modification
=" Changing the equation of a graph
" Moving the graph or its control points
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Graph Drawing by Sketch

© Pen gesture recognition
" Gesture set

o Fitting to a similar function/curve
= Common in the middle/high school math

e Modification
" Changing the equation of a graph
" Moving the graph or its control points
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Graph Drawing by Sketch



Graph Drawing by Search
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Graph Drawing by Search

o Search in a DB of pre-drawn graphs
e Query by sketch

o Selection among candidates

* Modification
e Updating the DB with the new graph

o Similarity matching

— Types of graphs, coefficients of equations, etc
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Graph Drawing by Searching






Graph Editing

e Graph drawing in restricted domains
o Different equations in different intervals

o Useful features in graph drawing
* Drawing intersection points and tangent lines

* Filling some bounded regions
* Visualizing mensuration

e Additional features
* Points on a graph, coordinate values, etc




Equation Options | Candidates |

g

Y

lisplay Equation Text

Disp
Equation Text
=zer L

Criginal Equakion

Lime Options

Display Extreme Paoints

Set up Domain
Lett Figh

MNone

stippling

Mensuration Opkions
Enable Mensuration

# of Sections [10 | | ;

Cmit Intermediate Sections

| To |[i aoooon

From |E:I.|_l!:|l'_lz]:_ll:l
oickk Hai
Fight Heigh!

Left Height

|-

Ea{ulal )]



File Edit Miew Options Help

D& HE e (B[+]/7 X o o  AEENS®

jiy:ﬂ.E*xAz-z*mz [_Enter ]

Equation Options | Candidates |

ri & Type i None
Primitive Infarmation

[=BH |I':

Equation

Display Equation Text

Equation Text

Ciriginal Equation Uzer

Lime Options

~alar =
- Colar - - Stipple -

- |

Display Extreme Paoints

Y

Set up Domain

Skippling Mone Left Figh

Mensuration Opkions

Cmit Intermediate Sections

Eie A Annano : A ARG
Frarm |:I A00000 | ] |L- aooon

Left Height Fight Heigh!

Ea{ulal )] =1

|-




File Edit Miew Options Help

DS @ e (E[F /X o 9 HEEEG

j|y=ﬂ.5*x/\2-2*x+2

il Enter

Y

Fi & Type | None
Primitive Infarmation

[=BH |I':

Equation

Display Equation Text

Equation Text

Ciriginal Equation Uzer

Lime Options

T alar - B ST
Calor Shipple

Display Extreme Paoints
Set up Domain

Stippling Mone Left Righ
Mensuration Opkions

| To |[i aoooon

LY Pt S
Left Height Fight Heigh!

Ea{ulal )] =

|-



File Edit Miew Options Help

D s W e E[r % oo EEEE

|y=0.5%"2-2% 42

L=

¥

Type : Explicit
Primitive Type : Cubic
Primitive Infarmation

¢ 0.047336
 0.047E7E
V-1e47233
V0016277

[ S I R S 1]

Equation : |y=0,04734%x"3+0,04767%x"2-

[ | Display Equation Text
Equation Text

Ciriginal Equation Lzer

Lime Options

- Color - - Stipple -
=

[ ]Display Extreme Paints

[]3et up Domain
SLippling Mone Left Figh
Mensuration Opkions

[ |Enable Mensuration
# of Sections | 10 | [ /

Cimik Intermediate Sections

From |0.000000 | To [0.0000c

Left Heighk Right Heighl

Ea{ulal )] =

|-



File Edit Mew DOptions Help B
D@ W ps B+ 7 X ofd 9 HHEN®

| y=0,5¥ 22 F 2 [ Enter

“Equation Options | Candidates |

Type : Explicit
Primitive Type : Cubic
Primitive Infarmation

¢ 0.047336
 0.047E7E
V-1e47233
V0016277

[ S I R S 1]

Equation : |y=0,04734%x"3+0,04767%x"2-

[ | Display Equation Text
Equation Text

Original Equation Lsef L

Lime Options

- Color - - Stipple -
K ey A=
B & |

[ ]Display Extreme Paints

Y

[]3et up Domain

Stippling Mane Left Righ
Mensuration Opkions
[ |Enable Mensuration

# of Sections | | [ /

Omit Inkermediate Sections

From |0 000000 | To [0.0000

Left Height Right Heign

Ea{ulal )] =

|-




! Untitled - GSE
Fi Edit Miew Options Help

REENEN T T TN

Equation Options | Candidates |

Type : Implicit
Primitive Tyvpe : Hyperbola
Primitive Information

center: 00
3:1

Dl
theta: 0

Equation : |xA2-yA2-1=I:|

[ pisplay Equation Text

Equation Text

Criginal Equation Liser Define

| Modify

| [Cu:unFirm] i

Line Options

- Color - - Stipple -

- Width -

BN

Display Extremes Points

|:| Set up Daomain

PF Mone Left
Mensuration Options
[]Enable Mensuration

# of Sections | ] | [

Apply

=}

nork Height

R T im 18

1.0

Ready 0 3,35032 v 0 0,44147




=k
Eile Edit Wiew Options Help
J 0 =

@ ors (B+ 7 X of o AEENE

E|y=a*x’\3+b*></\2+c*x+d

Enter .-]

W\

y = aritbritcrtd

I

Tvpe : Explicit
Primitive Type : None
Primitive Information

3 -0.023527
1 -0012685
Z 1 0.955439
1:6,176475

| Modify

Equation : |y=a*x/\3+l:u*x/\2+c*x+d

Display Equation Text
Equation Text

{1 Original Equation (71 User Define

| | [CDnFirm]

Line Options

- Color - - Stipple - - kb -

|:| Set up Domain

Mone Left Fight Both

Mensuration Options
[]Enable Mensuration

# of Sections | ] | [ Apply

Crnik Inkermediate Sections

Fram | 0oooog

Ready

¥ 1 8,29896 v ¢ 247130




File Edit “iew Opfions Help

D& | e (B[]0 X of v [ EEEN®

-4

Equation Options | Candidates

e ——

Type : Implicit

Primitive Type : Mone
Primitive Information

Zenter : 0.4575 -1.04

3:1

21

theta: 0

Equation : |-4 | Modify
Display Equation Text
Equation Texk

(%) Original Equation () User Define

| | [Cu:unfirm]

Line Options
- Color - - Stipple - - Width -

HN Y ¢

Display Extreme Points

|:| Set up Domain

| | 7ol =0
Mone Left Right Both
Mensuration Cptions
[ ]Enable Mensuration
# af Sections | | [ Apply ]
Orit Inkermediake Seckions
Frarm | | Ta |
Left Height Right Heighl Short Height

¥ 200 —J 1.0
e - 1

Ready % ¢ 10,53000 y : 10,02625

MU




File Edit Miew Options Help

D& W rs (8[| 7 X o

o MEEN®

=223

![ Enter ]

¥

“Equation Options | Candidates |

Type : Explicit
Primitive Type : Quadratic
Primitise Infarmation

3 0419677
21 1377501
z 1 -0,349145

Equation : |y=0.41968%x"2+1,37759%x-0.

[ | Display Equation Text
Equation Text

Ciriginal Equation Lser

Lime Options
- Color - - Stipple -

_— JE=N

[ ]Display Extreme Paints

[]3et up Domain

SLippling Mone Left :'-':i;r;
Mensuration Opkions
[ |Enable Mensuration

# of Sections | | [

Comik Inkermediate Section

From |0 000000 | To [0.0000

Aeignk Right Heig

Ea{ulal )] =

|-



Graph Editing



© Contributions

o Efficient graph drawing for mathematics education
in e-Learning

 Easy and fast generation of complicated math
figures

® Future work

* Presentation of graph construction

¢ Animation of graph generation
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