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Abstract

As the trend, Java embedded system is more and more important evolvement.
Graphics user interface(GUI) is accompanied with this trend. Advance technology is not
common to the public, and it’s not really convenient in practice. Combined above two
directions, GUI system in Java embedded environment is a growing research topics in
the future. According to Java AWT inJavaME CDC/PBP - we simplified the Java AWT
classes, and remains most part of API, and designs a GUI system for JavaME CLDC,
named MMES AWT. Compared with Java AWT in JavaME CDC/PBP, MMES AWT has
less classes, less system classes supporting, KNI implementing native functions, native
graphics library supporting.simpler, and provides thread-safe mechanism. MMES AWT
experiments two basic GUI-system functions, displaying and accepting mouse, keyboard
messages. In experiment results, two functions successfully implement and displaying
almost looks same with PBP AWT. MMES AWT is a basic, simple GUI system. It’s
convenient to implementing in other way or porting to other platform. And it is also a

basis for advance development, ex 3D GUI.
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Toolkit 5 # singleton fic3" ek % > &2 558 4p i S class B 4@ 9 & AWT ¢

Toolkit Feiks® 7 2 B8y - F R > T TR T D0 A RE-2E £ F
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)
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BF A EY A o - B4 4 i Window 4= i ,T* ¢ Exds 1t class e it o f
Microwindow 7§ i F > i & g7 5 ‘ﬁ 1aE 2 K ¥ (GraphicsDevice)4» 2 ¢k s ¢ &
2 - i thread o f § A T B ¥ T F FEES event - 1T o 2R is K- event
¢ %4 Javaevent ByE b & o

GraphicsDevice

B &Rl R ey Foer 4 s - [4]0 5 Java R PR ] Z LS - ¥
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¥ &4 ®ijoe & - GraphicsDeviced %3 = I8 Bk & o 4y i R
B~ 18 p w ek ik (GraphicsConfiguration) s £ & - % GraphicsDevice s it 4 i
= pF o initialize chf (FA R S A 2o - B E e REEM - BRRMELL AR
ﬁig?] N & * o & MicroWindow ® > & r¥ e ik & openScreen() 0 R {sw @ - B id> i
PR aku] o ¥ - 2§ §22 = GraphicsConfiguration e
GraphicsConfiguration

EEFIRAGF S AR avkih o [4]F 3 S M7 KRV AR e
B g d Fij&47 R - GraphicsConfiguration i & 3RE % kw @K T & L ani & bl
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¥ fen % A4 Graphics 5 drawlmage() 71 X R AP EH P g - B
B4 J ImageObserver % § ire F] 5 T 4 o [ 41 (K > #7102 § & ImageObserver
RE BB T i AR o o drawimage()pF € & e B R TR B A
ABER G € LEY 2 FF oo Bl K45 pF > ImageObserver ¢ = =7 repaint()
k€

% o repaint() ¢ fef e drawlamge() 0 F1 5 R FT R F S P F Ao

ImageObserver ImageProducer DataBulfter
I = I
MemorylmageSource FilteredlmageSource
RasterFormatException ImageCunsumer Bufferlmage
aN
| |
ImageFilter PixelGrabber RGBImageFilter
zZ~
I |
ReplicateScaleFilter CroplmageFilter ColorModel

2 I 7 |

AreaAveragingScaleFilter
DirectColorModel IndexColorModel

B 10 Java.awt.image iz B package = class &2 ¥k i % 4r
Java.awt.image ¥_Java ¥ if a2 % & o Java.awt.image iz i package £ class ¥7
MR x40 B 10 - iz B package 2 & enFt gy 7%&%;’\1%@!1%2 T AL o B T A HaE 2
% ImageProducer ~ ImageConsumer /i & - ImageProducer &_#& & 354 % £ # b & >
f F - pixel data @ % ImageConsumer - Image 4 i+ & 7 & i B e miailﬁzi.%? 2
4 ¥ ImageProduser > # ® ¥ 7 % Bufferedlmage - MemorylmageSource & - & § i*

ImageProducer 4 i* » v j&Zz %48 — pixel value et 7 ¢ B~ @i F L - BRI A o
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pixel value

ImageProducer

Bl 11 ImageProducer ¥ ImageConsumer -2 % 4 Bl

¥ 1B ik B i ImageFilter class % § 17 » v B g & AJT R 740 £ @iLe
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} ImageFilter

pixel value

ImageProducer

Bl 12 ImageFilter #-3) 4% 4 B
¢ e B Ak o AWT ik 23 anifin B 7 7 i RGBImageFilter - » 3
A7 S chB Uil > 3 B ? 5 Bk (F— RuBif o Olho i B il T3 % B
WpEd gt o ﬁfﬁﬁﬁiﬁﬁfjﬁﬁ% & K ImageFilter -
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4.1 3 3+ e MMES AWT #£ 4

MultiMedia Embedded System AWT - # #- MMESAWT’_’rﬁ;f{#IEJ_ﬁi&{

RPBHEO - RA AP 2RTIE - FFATR

-

o 8T 5 AR

—=h

IR HBALRS NP LT RETRE S FRDEY o #TR (Te0 class

ETIS

i
Az A FG R A TR IERE IR R AR T 2~ 22 native & 4p B - MMES
AWT % i a2 058 12 o 2 i & KNI § iEéim A 1 ¢ 3 4c EventPostThread » + 12
BT A A SECRARS Ok % 2 (PaintEvent ~ MouseEvent -~ KeyEvnet) o 3¢ % (il & =~
2 it ey class R F o B iR F Frame 4p M < class » i 5 LayoutManager
& 71 e class o native % 4p B i€ {7 class f % f§ it > X3 R ¥ GraphicsEnvironment -
GraphicsDevice ~ GraphiesConfiguration » Image » I & 3 4 3 3+ 77 MMESGraphics ~
MMESToolkit = i class %@ 1€ Graphics ~ Toolkit 17 it e MMES AWT class =

interaction diagram 4] 14 -

AWTEvent
EventDispatch
Concrete . > Thread
EventListener | P EventListener Graphics
Environment
EventQueue MWGraphisEnvironment
LightweightDispatcher
Image
l| wy _
Window [~} Container | Component Graphics [K{HH MMESGraphics
FlowLayout | _ Timer
: LayoutManager ? Toolkit
1
BorderLayout |- —: ? ?
S — TimerThread '
Gridlayout |- - Concrete | 0 MMESToolkit
: Component
..... - TaskQueue
EventPost
Thread
Class name Class name Class name
Class not included MMES Classes new Classes join in

Bl 14 MMES AWT class diagram compared with PBP AWT
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Java Thread Java level
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(two-way method invoke) JNI \

C Thread

Native Graphics library
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i AZ)2 150 2 #er¥ ¢? Window 7 Post Event method- f # #-event =z 3] EventQueue °
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SnFh > event Hfg chkm & (dr & 12 3) 0 x » — B 32bit s event code value(4r ] 17) - £
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Java Thread

(EventDispatchThread)

Java level

Post event
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Java Thread

Dispatch event

{one-way method invoke) KNI
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Bl 16 MMES AWT : native graphics library #&J2 native ¥ i = 3¢
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type(5)

B 17 MMES AWT <1 event code value format
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# ¥ 3 MMES AWT <7 native event f& 47 22 event code field 0 &

Event type mask infol info2
KeyTyped 0 Shift: 1 Key code Key char
KeyPressed 1 (ascii code)
Control: 2
KeyReleased
ButtonPressed |4 Left: 16 XAz Y A2
ButtonReleased
Middle: 8
MouseDragged | 12
Right: 4
MouseMoved 16

o %A T %2 & L3 Component fv Frame st 5t o F] 5 & 84 eh i Bk &
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Graphics » # ®* #73# MMESToolkit % #-i Toolkit ~ MMESGraphics #-i Graphics >
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graphics function 1@ 1 gcds 4> A 1T ¥ kv E R ch A X O BE FS F R AN B

F oo

39



Java CLDC classes

Java.io(18 classes) Java.lang.IllegalStateException
o N

Java.lang. ThreadDeath

Java.lang(44 classes)

-F- & 48 [ classes Java.util EventListener
(javax.microedition.

com.sun.cldc ...22 classes)

Java.util EventObject

Vi

Java util(10 classes)

Java.util. Timer

Java.util TimerTask

® 18 MMES AWT “c » CLDC T 5 % 3 4x 5 class

4.2.1 H e Java 2 s & i# caclass

Sun 7 CLDC * '3 & 3 Java.lang - Java.io ~ Java.util ~ Javax.microedtion.io = i
packages-Java.lang 3 44 i# classes>Java.io 3 10 i# classes>Java.io 3 18 i# classes »
BT Lap b eng 22 @ classes > w & MMES AWT ¢ * 3| system classes :# 7 43 > &
% & 3 4 classes » 5 Java.lang.lllegalSateException ~ Java.lang.ThreadDeath ~
Java.util.EventObject ~ Java.util. Timer ~ Java.util. TimerTask -~ Java.util.EventListener -
4o 18 - ",ﬁ‘% g2 % A Sun & Java ME/CLDC =& # 9 i 4% (reference
implementation ) # X 3 log ™ % exp & functions e 3% > F] gt AL g4

Java.lang.Math 27 284 02 2 > 3 40 7 323 log B4 #icexp ¢ BIE L o

MMES AWT #1% & &0 Java & ¢ » Java.lang ~ Java.lang.ref ~ Java.util ~ Java.io »

TR e A2 (SR EClass P A A A RS AR 6 AR T d L ATH D
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class » ¢ 3 13 zenclass o

# ¥ 5 MMES AWT #t % 1 java.lang/ref & ¢ class 71 %

java.lang (44 classes)

ArithmeticException.java ArraylndexOutOfBoundsException. java
ArrayStoreException.java Boolean.java

Byte. java Character.java

Class.java ClassCastException.java
ClassNotFoundException.java Double. java

Error java Exception.java

Float java FloatingDecimal java

[legal AccessException.java [llegal ArgumentExeeption. java
[legalMonitorStateException.java MlegalStateExeeption. java

[legal ThreadStateException.java IndexOutOfBoundsException.java
InstantiationException java Integer java
InterruptedException.java Long.java

Mathijava NegativeArravSizeException.java
NoClassDetFoundError java NullPointerException.java
NumberFormatException.java Object.java
OutOfMemoryError.java Runnable java

Runtime.java RuntimeExeeption. java
SecurityException.java Short.java

String.java StringButter java
StringlndexOutOfBoundsExeeption.java  System.java

Thread.java ThreadDeath java
Throwable.java VirtualMachineError java
Reference.java WeakReference. java
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# ¥ 6 MMES AWT #1Z &1 Java.io £ ¢ class 7] %

Java.io (18 files)

ByteArraylnputStream.java

ByvteArrayOutputStream.java

Datalnput.java

DatalnputStream.java

DataOutput java

DataOutputStream java

EOFException java

InputStream.java

InputStreamReader java

InterruptedlOException.java

IOException.java

OutputStream.java

OutputStreamWriter.java

PrintStream java

Reader.java

UnsupportedEncodingException.java

UTFDataFormatException.java

Writer.java

% ¥ 7T MMES AWT #+Z &3 Java.util £ # class 7] %

java.util (14 classes)

Calendar.java

Date java

EmptyStackException.java

Enumeration.java

EventObject.java

Hashtable java

NoSuchElementException.java

Random.java

Stack.java

Timer java

TimerTask java

TimeZone.java

Vector java

EventListener java
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4.2.2 i# * Native Interface
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¥ T 5 A anative function 7 & F1 2 2 S a g e el B iER Y S A
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programmer % ¢ ¥ ¥ * F| native function - KNI » % o 3¥ native & = # Java &
function> &% & 2 4% 73 B~ Java & 3 3 o Fl 5 KNI E##F fge¥ v cn= 545 9700 §_ native
function E_ 4 B PA N R TR EWRE Y > 2 B H L BESE T native
function o JNI = KNI & 32 14 iobe £ 12 8
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# ¥ 8 JINI &2 KNI vt #2

Native interface | JNI KNI
Native method
A& o I K FhREsk st > A F A o w (static)
function pointer
FEERARE R %~ HE AR
(Héj:- ﬁalj ¢ ()S)
(45 % 89318 80)
17 B &5, B Programmeracecess | System class access
£ FM LA S 6 At s | A
=
2 % TR B | AR 0 JVMEhATHE Y
of- m Java & method ~ 22 S 4p 4 | 9 L4 I~ 9] LA
of- v native & method o LA B L

Java class ¢ #75 7 & 4% native & §f ¥ function ¢ = # = native » i&fd Java
class #t %% /¥ » 1458 JCC(JavaCodeCompact)x £ kA2 4 IJIVM Kamz — &>
nativnativeFunctionTableUnix.c » £ % JVM i& 7 %;&E%)Tkg #- native function =§ %
@R IJVM PR -JCC H- d Java B+ eh1 & > v 7 L ¥4 Javaclass i ¥
A 2 nativnativeFunctionTableUnix.c - fff%k p % ¢ 2855 fJavaclass ¥ Lz 2
native = function % native % £~ prototype » & §1* p“ native function prototype £
KNI % i® function p %

& MMES AWT ¢ Z & % i¥ native function 3 #* i 4 » & MMESToolKkit
MMESGraphics ~ EventPostThread » 14 2 i 4 73 % Java.lang.Math - Java.lang.Math
H# 4v chnative function > log frexp > d =& =% A 4 s expc~s_logc~ 24t
PEBREA BN oot Az APLS A4 nativeAWT.c ~ xdraw_awt.h -

xevent_awt.h~xdraw_awt.c = B #f % » % ¢ ¥ MMESToolkit~ MMESGraphics~Window ~
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EventPostThread ¢~ native function » 2 = 33|41 MMES AWT Z & 9 i¥0 native

function 4-# $ 9 -

MMESGraphics

Math

MMESToolkit

Window

EventPostThread

# ¥ 9 Native Function 7] %

native function g
Class description
name

error
pDrawl.ine
pCreate
pSetColor
pSetBackground
pCopyArea
pFillRect
pClearRect
pDrawArc
pFillArc
pDrawPolyine
pDrawPolygon
pFillPolygon
pDrawString
pDispose

log

exp

sync

plnit
pChangeCursor
pNextEvent
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4.2.3 Native & iz 3

native graphics library ¢ i’rfgfs%é,@ nativeAWT.c ~ xdraw_awt.c » = @£ % p Java
K oenddge o #Risered Xlib 2 5 1% o 2 3t PBP 028 4 0 > 7 microwindow & %

Fee B R AoS o {2~ £k ¢ thread safe 45 4) o S0 2% H 4o @) 19 -

Java AWT
JNI
MMESAWT
B st
Microwindow —
KNI
Xlib -

B 19 MMESAWT % i #c % g PBP % 4
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ALY

B ir L

= +Java ME CLDC
#1 - KVM
- gcc-3-4-6

: Ubuntu 9.0.4
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~ 3.5 GB RAM

MMES AWT & PBP AWT st 48 v diahe £ 2 10 o

% $& 10 MMES AWT &2 PBP AWT &t fi

PBPAWT MMES AWT

Class3# & 11318 5618
Classeszg &g x» | 1057KB 570KB

% vy Class¥ & 218 i 784

% #.Classesze. /& 5% | 3074KB 635KB
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Native function# ¢ | 5 5

2
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A native function 4gf&/& *+ » 7] d drawline ~ B gz AR § 03 B 7 F 0 native

function = B3 iTEARP »L el Bocrt e o P AFRRER Fend B oo ok 110

% ¥ 11 Native function 4g 72 B +- #

Native function#s | 254} 1; S5 45 2
AZRE BER A HE | drawline
PBP AWT 9 & 11/
MMES AWT T 6 /&

4 - ST B s §%_Graphics =¢ ¢ drawLine | % > B Flie Al kx & o A
® 4% & PBP AWT &2 MMESAWT ¥ 4] 207 H ¢ Java & 2 rfed = & 2 % > native
R £ v P kg > PBPAWT & 3 &35 11 A - MMESAWT ¥ 7 £ 535 6 & v+ >
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PBPAWT DrawA Line MMESAWT DrawA Line

1. drawLine 1. drawline

2. drawLine 2. drawl.ine

3. pDrawLine 3. pDrawLine

4. Java_java_awt_MWGraphics pDrawLine 4. Java_java_awt MMESGraphics pDrawl.ine
5. DriverBasedGraphicsEngine Drawl.ine 5 Drawline

6. DriverBasedGraphicsEngine DrawVerlLine 6. XDrawlLine
7. drawVerLineSolid

8. X11Driver DrawVerLineSolid

9. XDrawlLine

10. FB32Driver drawverline

11. assign pixel values to address

B 20 Draw aline % MMES AWT £ PBP AWT it iz
iz Zonative K ARZEBEF g Ll r B - LR R n Bl T
i > native & & Bl # i A_Frame()® 4> 5[ ¢ 3] xlib 5 XOpenDisplay() 1 & & it £ = -
iLiE A2 = PBP AWT &2 MMES AWT ¥ 4] 21-PBPAWT % & 5% 9 & » MMES AWT

% Java & -© 3 GraphicsEnvironment- native & = > 7 X11Driver> #1021 ¥ Z & 7 & -

PBPAWT & & 2|fET B MMESAWT i #2831 5

1. Frame() 1. Frame()

2. Window() 2. Window()
3.GraphicsEnvironment getLocalGraphicsEnvironment() 3. Toolkit getDefaultToolkit()

4. Toolkit.getDefault Toolkit() 4. MMESToolkit()

5. MWGraphicsEnvironment() 5. getLocalGraphicsEnvironment()
6. Init() 6. pInit()

7. mwawt_hardwarelnterface->OpenScreen() 7. XOpenDisplay()

8. X11Driver New()
9. XOpenDusplay()

B 21 g 4%3% 7 B & MMES AWT £ PBP AWT st dix
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5.2 ﬁ%l 317 it F 3Ae Draw method =t #2

main

B 22 DrawDemo = MMES AWT *#

i 4 L U
B 25 DrawLine 7 PBP AWT ¢ B 24 DrawLine % MMES AWT ¢

Drawline et i 1245 B 24 ~ B 25> S0 - - 4k > 15 £ 9] -
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®] 26 DrawRectangle % PBP AWT *#

M

\"

B 28 % %:i¥7, % PBPAWT *

Bl 27 DrawRectangle % MMES AWT *#

ctangle * %

B 29 %% sé'ﬂ, MMES AWT #

DrawPolygon, Polyline et # ESAWT & % #3504 & v i

N

F *{°
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Bl 31 % & PBPAWT ¢ ® 30 % Fl & MMESAWT ¢

DrawArc it ‘ 28 L RET
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Java AWT in PBP &)classes (108 classes)

Event & 22 8 4 ¢ EventDispatchThread EventQueue LightweightDispatcher
java.util. Timer java.util. TimerThread java.util. TaskQueue

Event ActionEvent Actionl.istener AdjustmentEvent

(Java.awt/ ComponentEvent ContainerEvent FocusEvent InputEvent

java.awt.event) InvocationEvent ItemEvent KeyEvent MouseEvent
PaintEvent TextEvent WindowEvent ActiveEvent
AWTEvent

EventListener AdjustmentListener AW TEventListener

(Java.awt/ ComponentAdapter ComponentListener ContainerAdapter

java.awt.event) ContainerListener FocusAdapter FocusListener

Iteml.istener KeyAdapter Keyl.istener MouseAdapter
Mouselistener MouseMotionAdapter
MouseMotionl.istener Textlistener WindowAdapter
WindowListener EventQueuelistener

SR E Tt MenuComponent MenuContainer Component Container
Frame Canvas Window Dialog

Fer B Graphics Graphics2D Toolkit GraphicsConfiguration
GraphicsDevice GraphicsEnvironment

78 #,(java.awt/ ColorSpace Color SystemColor

java.awt.color)

FA/ Font FontMetrics

HFHE Composite AlphaComposite Conditional ltemSelectable
Transparency Adjustable

F & Cursor

EARER Dimension Insets Point Polygon Rectangle

R AWTPermission java.security. BasicPermission

Error/Exception AWTError AWTException

lllegalComponentStateException

Debug# #) ~ # %44  Java.sun.awt.nullGraphics AWTEventMulticaster
R Java.sun.awt.ConstrainableGraphics AW TEventListener

Layout % £ LayoutManager LayoutManager2 BorderLayout
CardLayout FlowLayout GridBagl.ayout
GridBagConstraints GridLayout

PR AreaAveragingScalel'ilter Bufferedlmage ColorModel
(Java.awt/java.awt.imag CroplmageFilter DataBuffer DirectColorModel
e) FilteredImageSource ImageConsumer ImageFilter

ImageObserver ImageProducer IndexColorModel
MemorylmageSource PixelGrabber

RasterFormatException ReplicateScaleFilter
RGBImagelilteslmage MediaTracker




[ié5= ]

java.awt (25 classes)

Adjustable. java AWTEvent java
AWTEventMulticaster java Color java
Component.java Conditional java
Container.java Cursor.java
Dimension.java EventDispatchThread.java
EventPostThread. java EventQueue java
Frame java Graphics.java
IllegalComponentStateException.java Insets.java
LightwightDispatcher java MMESGraphics. java
MMESTeolkitjava Point.java

Polygon.java Rectangle java
Shape.java Toolkit.java

Window java

[itss= ]

ActionEvent java ActionListener java
AdjustmentEvent. java AdjustmentListener.java
Component.java ComponentListener.java
ContainerAdapter java ContainerEvent.java
ContainerlListener java FocusAdapter.java
FocusEvent.java FocusListener.java
InputEvent.java InvocationEvent.java
[temEvent.java ItemIListener java
[temSelectable.java KevAdapter java
KeyEvent java KeyListener java
MouseAdapter.java MouseEvent.java
MouseListener.java MouseMotionAdapter.java
MouseMotionListener.java PaintEvent.java
TextEvent.java TextListener java
WindowAdapter.java WindowEvent.java
WindowListener java
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