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Plan of my talk

Ab t I ft P j t & d tAbout Infty Project & our products
On the UI of AsirPad
Handwriting Recognition Algorithm 
for Mathematical Expressionsfor Mathematical Expressions
Implementation of AsirPadp
Application to education
O i j tOngoing projects
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Infty Project

The beginning：g g
Started as a research project to help visually impaired 
people in scientific fields in 1995.

Current research subjects：
Recognition and understanding of math documents, ecog t o a d u de sta d g o at docu e ts,
User interface, data conversion, etc.

SoftwareSoftware
InftyReader / InftyEditor / ChattyInfty / AsirPad …

Active MembersActive Members
10 people

http://www.InftyProject.org/Jul 29, Compact Computer Algebra, ACA2008



InftyReader

OCR demo

http://www.InftyProject.org/Jul 29, Compact Computer Algebra, ACA2008



InftyEditor 

Mathematics Typesetting Tool for WindowsMathematics Typesetting Tool for Windows
Three Input Methods for Math Expressions

Mouse / Keyboard / Tablet
Internal Data Format is XMLInternal Data Format is XML
Export to LaTeX(PDF), MathML, HTML, Braill 

d d MS W d2007 t dcodes and MS Word2007 are supported.
Computing functions for Math Expressionsp g p
(experimental)
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InftyEditor computing functions

Demo Movie
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AsirPad

A t l b t ithA computer algebra system with 
a Pen-based Interface on PDA
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Motivation

What is the optimal computer for a classroom?What is the optimal computer for a classroom?
Portability
Q i k / ffQuick power on/off
Simple manipulation
VGA screen

Computers:
Notebook PC  /  PDA  /  Calculator   
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Why PDA?

→ My high school experiences→ My high school experiences.
In math classroom, I brought a mobile 

t d j d icomputer and enjoyed programming.

PokéCom
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Pocket Computer - SHARP PC-1251

CPU: CMOS 8bitCPU: CMOS 8bit
ROM: 24KB
RAM: 4.2KB
SCREEN: 1 line (5x7dots/char x 24)SCREEN: 1 line (5x7dots/char x 24)
Language: BASIC 
Secret commands: poke/peek/call

We can use Machine Language→ We can use Machine Language.
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Components of AsirPad

HardwareHardware
→ Zaurus

Computer Algebra System
→ Risa/Asir

Communication with CAS engine
→ Risa/Asir

GUI
→ OpenXM

GUI
→ Handwriting Interface
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Target PDA

Zaurus is a Linux PDA produced by SHARP. p y
CPU Intel XScale 400MHz/416MHz
M 64MBMemory  64MB
Screen 3.7inch VGA (640x480) ( )
Weight 250g～298g
GUI Qt/E b dd d 2 3 2GUI Qt/Embedded 2.3.2
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Risa/Asir

Early version by Fujitsu Laboratories LtdEarly version by Fujitsu Laboratories Ltd
Current version by OpenXM Project

G b b i t tiGroebner basis computation
Factorization polynomials over algebraic p y g
extension fields
Implicit function plottingImplicit function plotting
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OpenXM - Communication with CAS engine

Infrastructure for Mathematical 
Software Systems
Cli t S M d lClient Server Model
Clients and Servers need not 
be on the same machine
A Server can be a client 
of other serversof other servers
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Math Software supporting OpenXMpp g p

Changing sourcesChanging sources 
Risa/Asir, kan/sm1, gnuplot, phc, TiGERS

Preparing a wrapper for OpenXM
MathematicaMathematica

Preparing a communication function by the 
system user languagesystem user language

Macaulay2
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Design Concept of GUI

It is very important to consider about scenesIt is very important to consider about scenes, 
contents and users in order to use computers 
ffi i tlefficiently.
Scenes - General classroom
Contents - Mathematics
Users - High school studentsUsers High school students

PCUI - Purpose-based Customizable/Customized 
User Interface
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User Interface



GUI of AsirPad
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Handwriting Recognition Algorithm

Character and Symbol recognitionCharacter and Symbol recognition
Direction Element Feature
M t hi f S t d St k SMatching of Segmented Stroke Sequence

Structure Analysis of Math Expressions
S b i t/S i t d i i l ithSubscript/Superscript decision algorithm
Automatic rewriting method
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Character and Symbol recognitiony g
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Direction Element Feature
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Direction Element Feature
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120 dimensional vector / char



Direction Element Feature

We made such 100 data for each character. 
We got the dictionary by computing averages ofWe got the dictionary by computing averages of 
them.
Th h t iti i d b thi di ti
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Matching of Segmented Stroke Sequence

A itt t k i difi d d t dA written stroke is modified and segmented 
as follows:
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Matching of Segmented Stroke Sequence

M dif ll l t1. Modify small loops to cusps.
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Matching of Segmented Stroke Sequence

S t th t k t t i t2. Segment the stroke at extreme points on 
the vertical coordinate.
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Matching of Segmented Stroke Sequence

Fi ll t t i t3. Finally, segment at cusp points.
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Matching of Segmented Stroke Sequence

S t d t k l ifi d i t 28Segmented strokes are classified into 28 
patterns.
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Matching of Segmented Stroke Sequence

St i ht li l ifi d i t 8 l bStraight lines are classified into 8 class by 
their direction.
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Matching of Segmented Stroke Sequence

Wi di d t k l ifi d i t 10Winding downstrokes are classified into 10 
patterns.
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Matching of Segmented Stroke Sequence

Wi di t k l l ifi d i tWinding upstrokes are also classified into 
10 patterns similarly.
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Matching of Segmented Stroke Sequence

Th h t iti i d b thThe character recognition is done by the 
matching of the sequences of segmented 
stroke patterns thus obtained.

, , , ,
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Combination of two methods

Each of the two recognition methods 
returns three ordered candidates with 
costs. 
The voting cost of the candidate 
=the ratio of its cost to the third=the ratio of its cost to the third 

candidate's.
The final recognition results is determined 
by the ascending order of the sum of theby the ascending order of the sum of the 
voting costs of the two recognition 
methods
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Structure Analysis of MathStructure Analysis of Math 
Expressions
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Sub/Superscript decision algorithm

For two written characters C, D,
the relation point P(C D) is defined bythe relation point P(C,D) is defined by 
P(C,D):=(h/H × 100, d/H × 100).

C
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Sub/Superscript decision algorithm
We define ideal relation points.

D CD
C

D D

CD D
DC

D CD
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DC



Sub/Superscript decision algorithm

To determine the relation between C and D, ,
select the nearest ideal relation point.

D CD
C

D D

CD D
DC

D CD
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Automatic rewriting method 

In our system, each written character is 
rewritten by nearest strokes in anrewritten by nearest strokes in an 
appropriate size and position, 
i di t l d t ti llimmediately and automatically.
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I l t ti f A i P dImplementation of AsirPad
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Implementation of AsirPad

Porting software for ZaurusPorting software for Zaurus
Risa/Asir and OpenXM software

GUI
Programming by QtProgramming by Qt

Fonts
C i f T T f QPF fConverting from TrueType font to QPF font

Interior format for math expressionp
Infty XML format
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IML(Infty XML) format Sample

<mblock><mblock>
<munit entity="1">frac

li k t " "<mlink type= " upper " >
<munit>5</munit>

</mlink>
<mlink type= " under " >

<munit italic="1">x</munit>
</mlink>

</munit>
</mblock>
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</mblock>



Computing Process
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AsirPad demo

Movie File
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Plotting function of AsirPad

DemoDemo
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Application

http://www.InftyProject.org/Jul 29, Compact Computer Algebra, ACA2008



Educational Use of AsirPad

At a junior high schoolAt a junior high school
School name: Yugeta Junior High School
Grade: 8th grade 
Students: 35 studentsStudents: 35 students
Learning style: Group learning – 6 groups
Teaching style: Team teaching – 6 teachers
Classroom: General not computer roomClassroom: General – not computer room
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Teaching Material

RSA cryptographyRSA cryptography
Main tool is division computation.
Handwriting is effective to input a exponentiation.
This relates to the Internet technology.gy
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The flow of the lecture

Introduction（2min）
Trick for division computation（5min）
Outline of Common Key Cryptography（5min）Outline of Common Key Cryptography（5min）
Outline of Public Key Cryptography and
RSA C t h （5 i ）RSA Cryptography（5min）
Generation of key（25min）
Encryption of plain text（15min）
Decryption of cryptogram（10min）Decryption of cryptogram（10min）
How to find a secret key(10min）
O th it f RSA C t h (3 i ) h t

http://www.InftyProject.org/Jul 29, Compact Computer Algebra, ACA2008

On the security of RSA Cryptography (3min) photo



Students’ comments

It was a very pleasant lecture （13 persons）It was a very pleasant lecture.（13 persons）
It was an intelligible lecture.（11）
Moreover, I want to use PDA.（10）
It was very interesting （9）It was very interesting.（9）
It can calculate easily and convenient.（4）
It was exciting to solve a cryptogram.（4）
Although it was difficult I was able to do myAlthough it was difficult, I was able to do my 
best very well.(1)
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Teachers’ comments

Students were puzzled at the start of theStudents were puzzled at the start of the 
lecture. However, it seems that they got used 
t th ti f PDA i di t lto the operation of PDA immediately.
Although the lecture was longer than usually, g g y,
students had participated with interest.
It was an animated lectureIt was an animated lecture.
I was surprised that students had started on 
this lecture with a will.
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Ongoing Projects
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Practical use of AsirPad

Problems for ZaurusProblems for Zaurus
Expensive ($500)
W i ht (298 )Weight (298g)
The strength of touch screen is low.
Wi-Fi (option)
Supply (stop manufacturing)Supply (stop manufacturing)

W d d i→ We need new device.
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AsirPad for Nintendo DS

We are planning to develop AsirPad of theWe are planning to develop AsirPad of the 
Nintendo DS version.
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Nintendo DS

Small & lightSmall & light
73.9×133.0×21.5mm & 218g 

Dual screenDual screen
192×256 pixel

T hTouch screen
IEEE 802.11
CPU
ARM9 67MHz(Main) & ARM7 33MHz(Sub) ( ) & 33 ( )

Low price 129.99$
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Difficulties of Nintendo DS version

Obtaining SDKObtaining SDK
Developers must obtain a license from Nintendo 
IInc.

Porintg CAS engine
DS is Not UNIX.

Progress rate
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AsirPad for iPhone

Small & lightSmall & light
115.5×62.1×12.3mm & 133g 

Wide screen with Multi TouchWide screen with Multi Touch
3.5-inch  480×320 pixel

A l tAccelerometer
IEEE 802.11b/g
CPU   32bit ARM11 412MHz

RAM 128MBRAM  128MB

OS   OS X (Darwin)

L i 199$
http://www.InftyProject.org/Jul 29, Compact Computer Algebra, ACA2008

Low price 199$



Development Environments for iPhone

SDK
Apple official SDK
Non official cross compile environmentNon official cross compile environment
Self compile environment

E ti E i tExecution Environment
Apple official emulatorpp
Real machine connected by SSH

Screencast toolsScreencast tools
Digital video camera
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VNC Server / Client



Porting CAS engine to iPhone

We can use GNU tools on iPhoneWe can use GNU tools on iPhone.
How to build CAS engine intel-x86-linux

i l l d iYacas  is easy.
Asir is not easy.

intel-apple-darwin
arm-linux

Asir is not easy.
Asir needs Boehm-GC.

Th f B h GC h

…
×arm-apple-darwin

The sources of Boehm-GC has many 
architecture-dependent files. 
I hacked them for arm-apple-darwin.
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Asir for iPhone

Demo movieDemo movie

This beta version is available from 
http://www fukuoka edu ac jp/http://www.fukuoka-edu.ac.jp/

~fujimoto/iphone.html
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Importance of GUI for mobile device

Interaction with CAS engine through terminalInteraction with CAS engine through terminal 
is inefficient. 

→ We need GUI.
Handwriting Interface like AsirPad is goodHandwriting Interface like AsirPad is good.

↓
New GUI using multi-touch and accelerometer

Progress rate
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Comparison:  Zaurus / DS / iPhone

Device OS CPU RAM SDK WiFi Strength Price Supply
Zaurus Linux ARM5 64MB ◎ △ △ △ △Zaurus Linux ARM5 64MB ◎ △ △ △ △

Nintendo
DS -- ARM9 ? △ ○ ◎ ◎ ○

iPhone Darwin ARM11 128MB ○ ◎ ◎ ○ ◎

◎・・・ very good◎ y g
○・・・ good
△・・・ bad
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Goal of AsirPad

Mobile computer for educational-useMobile computer for educational-use
Web browser (Science, Social studies)

(J E li h di )Dictionaries
Computer algebra system

(Japanese, English studies) 
(Mathematics,Informatics)p g y

↓
Lik t ti !Like a stationery !

Compact Computer Algebra System 
b k l f h d i !
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