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CWT — The AWT API over Different Graphics Libraries

Student : Jyh-Yaw Jiang Advisor : I-Chen Wu

Department of Computer Science and Information Engineering
National Chiao Tung University

Abstract

Abstract Window Toolkit (AWT) is one of API in Java, which providing
programmers to build Graphical User Interface (GUI). Basically, AWT has two
parts, Ul Toolkit and Graphics Toolkit."Graphics Toolkit includes basic
functionalities for drawing and'image processing; it's also the key part to affect
Java rendering performance.-Graphics library is close coupled with graphics
cards. In the present, this graphics/librarythas two main streams, OpenGL and
DirectX. OpenGL is open standard in.industry. DirectX is proposed by
Microsoft. Java’s bad rendering performance is due to the bottleneck of Virtual
Machine. How to break through this bottleneck to get hardware-accelerated

rendering support, graphics library will be the key role -

In order to improve Java rendering performance and let most existed
Java program benefit from this. This thesis proposes an open architecture,
called CYC Window Toolkit (CWT), which lets AWT API be the common
interface and makes the Graphics Toolkit of AWT supported different
implementations over different graphics libraries - And finally have this three

features: 1. Performance Improvement, 2. Backward Compatible, 3. Portability.
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# & 51 CYC Window Toolkit( 2 = f§ #i- CWT)enk 3 % # -

2.1 AWT

1 & % (Graphics Toolkit) -

R F LR R mi)‘;j\paAWT TUA R Z AR s AR
#-3¢ (Component Model) ~& i #-3 (Event Model) ~ ‘g Bl #-5"

(Painting Model) - 2z_ 1 S anfi o s BiGe B & B k- - 3w
ﬂg°2&§]2'1?-‘1’§:»1’1€:ﬁ59 AE G s gg s B

g F%]l £ e (Graphics Toolkit)4f i =g ;¢ (Painting Model)?® >
BRI Bl el A > » ¢ BUCWT &2 AWT £ % 677 e 2 Jie o

AWT
e
1
‘| Component Model |}
| 1
1
: b Ul Toolkit
1
: Event Model i
i :
e -
| :
: Painting Model [ A
! :
1

__________________

B 2-1: AWT efk & 2 = J8 45 o
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2.1.1 =~ # 43¢ (Component Model)

—kr'%] 2-2 757 » AWT ehsrd < :,g 4 Component iz i #¢
b » ¢ 7 Container » &_- Container .7 1 # k&~ & gE Bigw| »
he Bl “75F eil § (4 Frame i Bap s 2 4 q* ¢ &>t Container -
45 o= Bcd(d Button i 4% & 4 ) A £ > Component
- f8 o

java.awt
) ooc @ 9
Component Container g}—— Panel
Scrollbar Window
Canvas ?
F
Label rame
Button
] ] 21| Dialog
Checkbox
Button | Eluttonl Button | List
Choice TextField
TextCompanent %ﬁ TextArea

B 2-2 : AWT = i chrg f 3% 2 fi o
“,f 7 Component - Container iz i A # 55 w2 b > H s o
& AWT ¢ 37 2> £ 4] ~ 2 (Heavy-weight Component) » #_d %
e ,1‘ errd o N ESET L - RO R ATUX FH G R
4 = ¢ (Native Component) -

dt

7 2 3]~ i (Heavy-weight Component)z_ #t » AWT » 3% &7

= 4| ~ i+ (Light-weight Component) - Component {- Container = -&_

Brriz- fgehn 2 o gm ] & iy mﬁ*azi o inToal o 2E

-
ﬁf’ “:\., /F‘ E] f"r E’]ﬁl l’F]LL J-%K \;L’_'L i? AWT E’f’lig]%]l,f—l“_‘ ’

«—tﬁ

J.
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A0 -~ g s Java i Blrcac o Swing g % 304 A x-—fI}L
g A o B AR A B p FREET B ES BB
HUAF A R fﬁ,& B Fietkmdd o 30 R - B

BRERT R e ARV R AL G -

2.1.2 % & #3(Event Model)

AWT & 1.1 52 8% 1 £ %3] % 2 #5% (Delegation Event
Model)s% i idZ i 41 - 4o 2-3 #777 » P (Listener) § v % &
k ik (Event Source);id - F i kih iy F A 24 P ﬁ;ﬁf,g e AN
BRI ALY o B BRI F A g R & E

(3) Pracess Event @ (2) Dispatch Event

Listener Event Source

S~ T

(11 Register Event

B 2-3: £ =A% # #i-7¢ (Delegation Event Model) -

ol 2-4 477 0 B AWT ¥ 5 F LN L HRenE 2 AR UGE
¥ » AWTEvent» H @ &2 <2 % 3 4p B 57 ComponentEvent & # 12
PAT mAE S fEe LR B R he (HPERE

PERTHEARERLOTREE > GUERIREAWT L85 &5
7 ¥ e R &4 o
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java.util

EventObject
JAN

java.awt

java.awt.event

ComponentEvent Q\ InputEvent K MouseEvent
p
ActionEvent PaintEvent KeyEvent
AWTEvent | AjustmentEvent ContainerEvent
ItemEvent WindowEvent

TextEvent FocusEvent

NN

B 24 AWT ax i+ -

2.1.3 ¥ B #-5" (Painting Model)

LSRR A g z’v’ﬂfI&{Graphics iz %8 %] - Graphics & AWT
PRFEThEd > T RET AP G FER A AH N o
¢t Image = FontMetrics | 84 & {o @ 22 2 7 ﬁ?}@?’:*ﬁ B &R
2 G B eh3t A 1 & 3% % java.awtimage i & ¢ o 3 3t 4efe

17 Imageivr i, — Ap XPMIHE 3 Toolkit iz B2 5F B 7 o F]pt >
A A AWT S B L e d SR REL S d 5 ¢ g

Graphics ~ Image - FontMetrics {- Toolkit -

Bk AWT ¥ £ eh™ N0 B B A %A 7 4 o A}
A R ER Lk usRds cnE g 42 5 (System-triggered painting) [25]
ol * 4258 5 b cnE 42 5 (App-triggered painting) [25] - @] 2-5 14
FABERAR L 0] WP T AWT T 2 AT 4] i (75 2 o

TR

& SLBRds cnE g 42 K (System-triggered painting)¥? ¢ sieng )
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At g M R AR I RAAEEE BI AT T S
EWIE (Natlve Event Dlspatch Thread) Frfvig At en

J&* A23 B0 chE g 42 R (App-triggered painting)— 4k k3] E_
sl At R Mo ZREER B?:—frf;vﬁ'v* repaint()i&x i S8 kK F I &£
£ ¥ i (Paint Event) o X 5 #-d AWT P 30end 2 A2 454 & % g
™ ¥ irs|(Event Queue) f F Fikiz i F i o F 2 AR (T
(Event Dispatch Thread) . 4 izt % 2 L 4p b 0= (238 (7 i
o ERF R HE DR B LR ROEIL 2 bt

B RhE l~3€:ﬁ o

java.awt
ex. paint() uo
Component Container K—— Panel
ex. repaint()
Scrollbar
dispatchEvent Canvas
Label
EventDispatchThread Button
getNextEvent Checkbox
EventQueue List
postEvent
Choice TextField
Native A/
EventDispatchThread TextComponent <I—— TextArea

B 2-5: AWT ¥ e i A e o
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2.2 CWT

CWT =i & ¢ 1‘%)‘]&{#&5: - B AWT oK

APl 44 Bl B e chin VA (ried > g H

RS VR KT

EH A e

doB) 2-6 7 5 CWT shE jzedf - b &t AWT - 47 1 4
R kg o T BERP S A E AWT B4 & 07 P2

}f@ BT j\fﬁ l]},ﬁ_i‘rﬁz—é IR i‘bpl- P S = f@’}’ﬁ_’\' °

1. =~ #4358 (Component Model) :

A& & 7 k%R 2 % B(Native Containers)s g 7| ~ 2

(Light-welght Components) -

2. % $i25¢ (Event Model) :

% 1 EventManager 3% 3 B4 % Su o 4 7 ®(Native
4

Containers) A 4 &% 2 @R 8T g g 7] =

Components) -

3. % Bl#-5" (Painting Model):

(Light-weight

BERLE oA S BN AR P U RAET D
¥ BR T ¢ z Toolkit ~ Graphics ~ Image = FontMetrics -
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ST T T T T N T T T T T N
| I |
| Native Containers | | Light-weight |
| | | Components |
{ J ( J

—_— —_—— e — — —
I |
| EventManager |
| I
| I
I Toolkit :
I
| | cwt.impl.awt
| Graphics |
| k} Implementation #1

I
I
I I
| Image |
| | cwt.impl.directx
| I
ontMetrics mplementation
FontMetri k—{ Impl ion #2

( J

B 2-6 : CWT mgd\ggkégﬁ

2.2.1 ~ 2 7% (Component Model)

d 4k %k 4 % 2B(Native Containers)s #= 4] ~ 2 (Light-weight
Components) e = » ig{f4 #-fr Swing - E#7F ~ 2L p {7
B Ft - L4 vrig CWT ehig Blooan » 2R d 330 -2 CWT

TREIT R ONA 0 et kT A 2L M A LA

4@ 2-7 #1517 0 & CWT ¢ 1% %k 24 % % (Native Containers)
1 & ¢ 7 Applet~ Window ~ Frame §- Dialog iz » B#g%| > H AR AL

p {75 W g A4 ~ i (Light-weight Components) - s 5t h 4 7 %
(Native Containers)“,f THEEEE A S o RS R A
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(Light-weight Components)+ 1z

"T“V‘» IEI"I~

(Event Source)i1 4 ¢ 5 iH2 i ’L‘+_‘f - & Arish o E 00

(Event Model) ¥ ¥wmzip o

java.applet cwt
| 0+
LS
Applet <1 Applet : Component Container K—— Panel
I
Window | Scrollbar
java.awt
) I
Canvas
D/ Frame |
Window : Label
Dialog
Frame D/ : Button
[ Checkbox
Dialog K |
| List
I . .
| Choice TextField
: TextComponent K1 TextArea
F 2-7: CWT =& hafe K5t 2 4

2.2.2 ¥ 455 (Event Model)

CWT ;frl‘»m{% Blpcay cheed o Fpt BT R 2 R d2 8 4] 0

B 2 AKE AWT o 2Ra F1a & CWT ¢ » <38 = *“’K{f%%?é 7
‘g @ ehgs | ~ 2 (Light-weight Components) » #714 Jf #ridg & 3L 4

2; % (Native Containers)# & £ &% 2 o 5 7 #igdt k4 24
R & CWT p 3RenE 2 54 % a2 - EventManager #¢ %I)I‘# R
k- BP Ak d o

4B 2-8 #1717 » EventManager § 7 #17 ¢ stk 2 % % (Native
Containers)s% & » ¥ F % CWT p 280% i 17 7] (Event Queue) s
2% X F CWT p 3Ren® 2 £ %3 (7 % (Event Dispatch Thread) & 4
P AP B g ) - 2 (Light-weight Components)ig 7 &2 o
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java.applet | cwt |
o - 1
I Applet }Q { Applet | Component g_‘ Container |<)—‘ Panel |
RIERIRR TR
Window J Scrollbar
java.awt ;
dispatchEvent
Frame J
} Dialog l EventDispatchThread
rame T
getNextEvent Checkbox
= -
postEvent
Choice TextField
/X
TextComponent Kl TextArea

B 2-8 : CWT ¢ 1% 2 & i+ -

2.2.3 ¥ B#-5¢ (Painting Model)

T BI0A E_CWT S 3Bl o 20 43 2 AWT cnig Bl &
BV REAY £ 8 44 B aE Y] Graphics ~ Image ~ FontMetrics
fe Toolkit » iz %’K{ﬁéfg'&_égl}?]i;:;; SRE 4 e F]pb o L CRABIRA 0 5
LED R HR SN RO E B BRI RN R R
KERFH > TR R R RSN E RS R RT o

Aol 2-9 A7 > A P BGOSR UF R RO RF T
hoie $ g Bl fjk—g T E RSN R T3 N o £38 CWT
Fie k- BRI DR T e AR AR o 20 CWT
EAE Bl TiTenEmecd o 0 Kg R p (T s i

(Light-weight Components)F £ % & > 35 * dHF i o

$ b & g uliam i EventManager ' 1 ek SR 2 G B
(Native Containers)#t &g fa¥ 2 ¢F > & #-fqjed| kLR 2 %
(Native Containers)# 1 s i {4 » % 78— B WP (TAREY o
RN AT OLRY (RO G A DlAeT LR AR Y Fru g R

o L FREREF LEFRCL A MDHAWT FRF (F -



cwt

cwt.impl.awt

EventManager

Toolkit

Graphics

Image

FontMetrics

|

AwtManager

cwt.impl.directx

\

|

AwtToolkit

\

AwtGraphics

\

Awtimage

\

AwtFontMetrics

— DxManager

— DxToolkit

— DxGraphics

— DxImage

L_| DxFontMetrics

W1 2-0: GWT ¢ % sk ml
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PN 4, e 22
s - Sk

BrAHHNDCWT a2 16> 57 k#mp g
mF\'F"yJ‘J J—%,UZ{

FRAPLR TR RS - BRERG DR/ o

31 9 Ep 3

CWT Z2 AWT 2 £ e AP T 48 Bl 1 & g BItas i
ixd > g HT
1

m 1 Z (Ul Toolkit)s g Bl 1
CWT = 7

U 7 e gjl%]m}\ﬁiﬁ’ iT o F)pt AWT ¥ g # A
i (Graphics Toolkit)iz 3 i 38 4 &
BRAEH BT kmﬁ B3 oA Wi m P

2 {Fenp E e

3.1.1 #* ¥ 46 1% &(UlToolkit)

%45 1B e (ULToolkit e A 3 & % & 7 & i H50
(Component Model)4-% i #2534 (Event Model)iz & 5%

L [._ *3_

(Component Model) e3R8 &
A& R g

AR P AWT £7 5
LR o doR 2-8 1m0 i Bk 2 7 B (Native
Containers)friz 4] = i (Light-weight Components)aCWTﬁx—a‘ &
B A o o] 3-1 7T 0 T

Pl A CWT ¢ p 170 W ehie
i (Light-weight Components) - & §F {7 § i -

¥ i #58 (Event Model)s38 &2 > L&+ » 4o AWT ez > - 4% >
4o 2-4 0 AWT 4 % & > CWT 4 i i 4%

B8F e gt b2 AWT Ap e i
¥ 2 & %4 (Delegation Evenet Model) » 4r2.1.2 & 574 &

B erdn
Ao 11 E B3 & o 3% iE Event manager £ W] - 2 Kk SLR 4
% (Native Containers)i# 3
S A JF’K e ¥

e

73
& A 7 % (Light-weight Components)«7
T HEITT o E 245 (Event Model)ir & e
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0 B34 1 CWT shiz = #% > @ CWT =~ H'“f T OBgon 2otk
s ER T IR ITnI a0 ipe A H g fi o 1 £ & (Ul Toolkit)iz
BIe B E & hp oo

[Button [] theckbox [#] Checkbox

|9 Gheckbax [ Checkbox

O Checkbox Group
Bt () Checkbox Group

() Checkbox Group

Label item L‘ - if rame X
£

Ttem 15 =
Ll [ten 16
Ttem 17
Lahel Ttem 18

Canvas

OO/
EEEBOCGA

B 3-1 : CWT =~ 29 1?§Fm o

3.1.2 ¥ Bl £ & (GraphicsToolkit)

% Bl £ = (Graphics Toolkit)# % = m)IL c 5% B o5 (Paint
'V'Ode')- RN IO ML A A S R A 4 LR Bk B
B4 chite o 50 S CWT m&:*uvﬁ;ﬂ GRS SN 3
10 A i CWT i Bl1 £ %2 (Graphics Toolkits)iz 2% 4 ¢ = =&
YU A R RSt B eng i ii %4 4o @] 3-2 #1 7 o

1. AWT
AWT E_Java i ## % (Java Virtual Machine » 12 ™ i i JVM)
A AR SR gt e £ CWT S i & nhf 17> g
FEIRG Java Azt e T AR B

2. Microsoft Language Extension (DirectX)
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B3R A AN eh Java i #% 1% % (Microsoft Java Virtual
Machine > ™ i f MSVM)#7 = & i [ F 15> F £ 3058 K 5
DirectX i #2143k & { 4% el Bl 2at o

__________________________________________________________________________________

Application | . i
Layer | ‘ E
Library | :
| rawg |  swing | CWT (AWT-like API) ;

i I 2 ]  2—
i Abstract Window Toolkit . |
i strac (;B.I':‘V'I'.j]w oolki Dthe.r F;ﬁ;ous;gfi i
i | Gl-rﬁ)p:.glcs Extension |1
1 IR | = (DirectX...) |
WM —— ¥ e T MS VM
| | Java Native Interface (JNI) ‘ i i ‘ JIDirect ‘ i
e | an || OpeI\GL || Direft}( | Gi:n |

Bl 3-2: CWT = & & 46,5 W] 4 B3 i+ o

pUoh B LB o DirectX R B P (FAIE LT 4B R B LS
Blrae > 0 £ 8hecd 7 B0 A hig Bl vcar o T H aenle Bl
G A2 FERAEE > Brig GDI[12] k% & o #7120 40 @) 3-3 #7
DirectX # 5 DirectDraw {= GDI e3¢ {5 ] -

| Win32 Application |

----------------------------------------------- S —

i Graphics Device Interface . i
i (GDI) DirectDraw i
i Display Device Interface i
| (DD) HEL HAL i

| Hardware (Video Card) ‘

] 3-3 : DirectDraw £ GDI 3 .8 - [10]
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3.2 Ty 37
CWT x% TRET LK RERS R L 0 Bd &

AR AE LB @ Bl S5t R R Java g Bl oci o 427k
£-4F CWT #r% & ehd f8ig Bl 35\ B en§ 17 > (59 v goci i)

;lé‘" €
VS B oka F G e o

z JVM 1153 1.5 %%f- MSVM - # ¢ JVM 1.4
DirectX sl §84vig £ 42> #711 ¢ A p|RRHE

+ pa
~ 9
=4

RlzEenT o
s JVM 1.5 5 %] % 4
2o @ MSVM i DirectX % 42+ & CWT § iFeipli¢ £ 8o 82 28 JVM
1.5% 73 OpenGL thx 4% - e £ F] 5 R 2% 5 A HAp 7 12 cni 4
T AP D BTN AR A A AR X RSB A T2 7]

AR R
i B S 3 R aiplE IRy A Java A e AWT et > m CWT

%o e fEAE B S 5N B TR B A

1. AWT > ™ i 4 CWT-AWT s
2. Microsoft Language Extension(DirectX)> 1+ = #§ #i CWT-DirectX-

)

BETRAOBBIEY B LG 3R AREEAP > L H PR

F kL

% @qﬂr;rs:tzh/ﬂ\ L2 &K
CWT-AWT vs. AWT
4ok 3-1- 1t E gt CWT-AWT e T 4p 5 14 0 H 3o 7 Bi%

B AWT £ = § o
4r# 3-2 o v i & 85 DirectX & j(lmage)g Bl F ik

CWT-DirectX vs. AWT

o % {5 B 1% (Off-screen Image)s— # * Image # & -
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CWT-DirectX (Image) vs. AWT (VolatilelImage)

4o 3-3° & JVM1.4 %= 1.5 %7 1 5 Volatilelmage % #
DirectX 4ci& - @ ® Volatilelmage = 4% * & % % {4 8%
(Off-screen Image) o F]pt 45l dd d1 K i W) vt i o

ik f1.ER A E
AWT on MSVM AWT MSVM 5.0.3810

CWT-AWT on MSVM CWT-AWT

AWT on JVM 1.1 AWT JVM 1.1.8_10
CWT-AWT on JVM 1.1 CWT-AWT

AWT on JVM 1.2 AWT JVM 1.2.2_17
CWT-AWT on JVM 1.2 CWT-AWT

AWT on JVM 1.3 AWT JVM 1.3.1_15
CWT-AWT on JVM 1.3 CWT-AWT

AWT on JVM 1.4 AWT JVM 1.4.2_08
CWT-AWT on JVM 1.4 CWT-AWT

AWT on JVM 1.5 AWT JVM 1.5.0_03
CWT-AWT on JVM 1.5 CWT-AWT

% 3-1: CWT-AWT vs. AWT -

4 ELERD bR E

AWT on MSVM AWT MSVM 5.0.3810

AWT on JVM 1.1 AWT JVM 1.1.8_10

AWT on JVM 1.2 AWT JVM 1.2.2 17

AWT on JVM 1.3 AWT JVM 1.3.1_15

AWT on JVM 1.4 AWT JVM 1.4.2 08

AWT on JVM 1.5 AWT JVM 1.5.0_03
CWT-DirectX on MSVM CWT-DirectX MSVM 5.0.3810

4% 3-2 : CWT-DirectX vs. AWT -
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M A RS R Rk i S E
(DX) AWT on JVM 1.4 AWT Volatilelmage | JVM 1.4.2_08
(DX) AWT on JVM 1.5 AWT Volatilelmage | JVM 1.5.0_03
CWT-DirectX on MSVM | CWT-DirectX Image MSVM 5.0.3810

# 3-3 : CWT-DirectX (Image) vs. AWT (Volatilelmage) -

CPU Pentium 4 3.0G
RAM 1GB
Agor + nVidia Geforce 6600GT 128 MB VRAM
(support DirectX 9.0c and OpenGL 1.5)
T% %% | Windows XP SP1

% 34 PIEEE

F 3-4 G PIATRE o PIAS NS - A B H AR 0 RSB T
=7 PR o RIAAR R RSB - e T A B AR € R B
B BEUHE S F e D{ATRES 100 K5 F L AT G B s B
S EAEE 100 = SRRERIER v L L B o Bl hig

W gr 5T A

1. SPEE 5P 6
Bl & fads B 5 110x110 0 ¥ = 5 % (pixel) » 4- B 3-4 o] 3-5

G o Rl R MR 324 HEM

I

2. = F
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Bl 3-4: P* DEPRFPEFEITRS .

Bl 3-6: Plig* ch e F ERS 0o
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3.2.1 P BE 7 5P Bt 3B

B AM AP B2 S B g B b oaipliE o JVML
%’Jiﬂfr MSVM - > & 24,32 iz~ éﬁ%s‘-;\‘“ » H A PRl 0 Bl Pt B2
Rt > B LFP Rlaig Blrcn { et 114887 &> FRt itz il
”)3 [y o Ra AR 16 AN TirE A F A dsendi R H
T ATE A VM B - BE o TR N A RIRER S & - 7 i
B TR 22 AR 16 o

WU = kg R R

1. CWT-AWT vs. AWT
BlR g % 4ol 3-7 = B 3-10 #7or o 8228 CWT F]1 5 & P i L 2
PR Rla R ERORE VRO E A SRR A o KA
FORGR S R T g IS CWT-AWT, @3t 2 & L 8% & F & Rk
AWT et i & % 4p 2 % A Flpt H 5 ™ 4p % 4 (Backward
Compatible)#_v iz ave

I

2. CWT-DirectX vs. AWT
BIE S % 4oB 3-8 2@ 3-11 #77 - B4R ki > CWT-DirectX %
NEP R EP R AHA DN 32 A A AR 416
¥

AR T SRR R

3. CWT-DirectX (Image) vs. AWT (Volatilelmage)

BlREFACR 3-9 2R 3-12 #r7 o JVM 1.4 K is B 4n3% =

DirectX el %8 £ 3 > 7 2% % % * Volatilelmage #f %] -4

7 AWT R ke Image Ruld 2 L3 o KRR FET U F
Mgt el b 14 RO HIEP B G 20 a2 R

CWT-DirectX - g2k &g %fre Bty ¥ > CWT-DirectX # A

EREBFE TSR ET R F1F MSVM A £ m

Ul e @ 3T JVMAE R 2 FREP RIA EFEP B frF @
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L Eieeed o i Z kg 0 CWT-DirectX $43+ 15 p Bl e 7 %
PR kA a>d32 mAai s & &g 316 mAhf T o>
WEAERS F - R o

B 3-7: ZPEE2EPE (252) CWT-AWT vs. AWT -

dHIFR 20 (32 mR)

OZpmeUArFEF (no) B2 2P BEUAFT (ns)

AWT on MSVM

CWT-AWT on MSVM

AWT on JVM 1.1

CWT-AWT on JVM 1.1

AWT on JVM 1.2

CWT-AWT on JVM 1.2

AWT on JVM 1.3

CWT-AWT on JVM 1.3

AWT on JVM 1.4

CWT-AWT on JVM 1.4

AWT on JVM 1.5

CWT-AWT on JVM 1.5

0 500 1000 1500 2000 2500 3000 3500
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§UFER 2 F (32 )

EPREAFET (ns) B2 5P BEAFRET (ns)

AWT on MSVM 2300
AWT on JVM 1.1 2300
AWT on JUM 1.2 3050

AWT on JVM 1.3 _ 20 2150

AWT on JVM 1.4 £50 1300

AWT on JVM 1.5 _% 1300

CWT-DirectX on MSVM b%§8

0 500 1000 1500 2000 2500 3000 3500

B 3-8 i B2 7 50 B (244). CWT-DirectX vs. AWT -

§ER ¥ (32 R
\ngpsng@lw& (ms) M7 5P BEUFEF (ms)

(DX) AWT on JVM 1.4 _ A 1 1400

(DX) AWT on JVM 1.5 2100

CWT-DirectX on MSVM E 340
0 500

1000 1500 2000 2500 3000

3500

B 3-9: P RE? AP E (247)
CWT-DirectX (Image) vs. AWT (Volatilelmage) -
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AWT on MSVM

CWT-AWT on MSVM

AWT on JVM 1.1

CWT-AWT on JVM 1.1

AWT on JVM 1.2

CWT-AWT on JVM 1.2

AWT on JVM 1.3

CWT-AWT on JVM 1.3

AWT on JVM 1.4

CWT-AWT on JVM 1.4

AWT on JVM 1.5

CWT-AWT on JVM 1.5

¢ AFER B F (16 =R)

O&p Ry ArFE (ns) B2 50 By UAPFE (ns)

3500

3500

500 1000 1500 2000 2500 3000 3500

B 3-10: #AP B2 A5 B (% 52) CWT-AWT vs. AWT -
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SUER L 8E (16 =2)

O REUFET ) B2 5P REUFET (ns)

AWT on MSVM ®1%00
AWT on JVM 1.1 ©7% 0
AWT on JVM 1.2 3500
AWT on JVM 1.3 900 1840
AWT on JVM 1.4 — R,
AWT on JVM 1.5 R
CWT-DirectX on MSVM b %38

0 500 1000 1500 2000 2500 3000 3500

B 3-11: 5/ B2 735 P BL(#.9%) 5 CWT-DirectX vs. AWT -

¢ HiEKE B4 (16 =)

DEm REAFER (ns) B3 57 F5LFR (ns)

(DX) AWT on JVM 1.4 _ 280 1 1400

(DX) AWT on JVM 1.5 1500

CWT-DirectX on MSVM E 333
0 500

1000 1500 2000 2500 3000 3500

B 312: SPWE 2 EP B (% 4)
CWT-DirectX (Image) vs. AWT (Volatilelmage) -
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3.2.2 2 F ki 3R
R RRRE B ALY 3 Rt 0 T e 2 gk R

CWT-AWT vs. AWT

BIFRE R AR 3-13 #77 o IRA E 2w Bl pEL AR
FRGR SR 7 g 0 CWT-AWT igdfa A g 8T 5 &2 R %
AWT st g & % 4p £ 7 < > Fpt 2 % T 4p % 14 (Backward
Compatible)E_ 7 ridt &% e o

CWT-DirectX vs. AWT

BR S % 4o B 3-14 w17 o d >t DirectX &£/ £ # @ 4 * GDI ¢
BEfa o — SRR AP RE VR > 5- BT PR o
WE-H AP F R BEXERTGDlI kFF > A HET?
.48 5 LOCK 4r UNLOCK &3 15 3238 (> 97 7 i fF & A 24
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t4%- ~ DemoAnimator.java

/* 2005.06 */
package com;

import java.awt.*;
import java.awt.event.”;

public class DemoAnimator extends Canvas implements Runnable, MouseListener

public final static String DEMO_TITLE[] = {"Transparent Image","Opaque Image",
"Text","Rect","Circle",
"Transp. Image and Text",
"Transp. Image and Rect",
"Transp. Image and Circle",
"Transp. Image , Text and Rect",
"Transp. Image , Text and Circle"};

private final static int DEMO_IMG_TRANSP = 0;

private final static int DEMO_IMG_OPAQUE = 1;

private final static int DEMO_TEXT = 2;

private final static int DEMO_RECT = 3;

private final static int DEMO_CIRCLE = 4;

private final static int DEMO_IMG_TRANSP_AND_TEXT = 5;

private final static int DEMO_IMG_TRANSP_AND_RECT = 6;

private final static int DEMO_IMG_TRANSP_AND_CIRCLE =7;

private final static int DEMO_IMG_TRANSP_AND_TEXT _AND_RECT = 8;
private final static int DEMO_IMG_TRANSP_AND. TEXT_AND_CIRCLE = 9;

private int demoType = 0;
private int drawCount = 1;

private boolean bDoubleBuffering = true;

It

private final static Color fgColor = Color.gray;
private final static Color bgColor = Color.lightGray;
private final static Font textFont = new Font("Arial", Font.ITALIC | Font.BOLD, 32);

private static int frameCount = 100;
private Image runilmage[] = new Image[2];
private byte[] sync= new byte[0];

private int left_x;
private int left_y = 100;

private int right_x;
private int right_y = 160;

public DemoAnimator()

this(DEMO_IMG_TRANSP, 100);
}

public DemoAnimator(int demoType, int drawCount)

{
this.demoType = demoType;

this.drawCount = drawCount;

this.setSize(600, 300);
this.setBackground(bgColor);

this.addMouseListener(this);

switch(demoType)

{
case DEMO_IMG_TRANSP_AND_TEXT:
case DEMO_IMG_TRANSP_AND_RECT:
case DEMO_IMG_TRANSP_AND_CIRCLE:
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case DEMO_IMG_TRANSP_AND_TEXT_AND_RECT:

case DEMO_IMG_TRANSP_AND_TEXT_AND_CIRCLE:

case DEMO_IMG_TRANSP:
runimage[0] = Toolkit.getDefaultToolkit().getimage("run_4x.gif");
runimage[1] = MirrorFilter.getimage(runimage[0], MirrorFilter.LEFT_RIGHT);
break;

case DEMO_IMG_OPAQUE:
runlmage[0] = Toolkit.getDefaultToolkit().getimage("run_4x_opaque.gif");
runimage[1] = MirrorFilter.getimage(runimage[0], MirrorFilter.LEFT_RIGHT);
break;

default:;

}
if((demoType == DEMO_IMG_TRANSP_AND_TEXT)
|| (demoType == DEMO_IMG_TRANSP_AND_RECT)
|| (demoType == DEMO_IMG_TRANSP_AND_CIRCLE)
|| (demoType == DEMO_IMG_TRANSP_AND_TEXT_AND_RECT)

|| (demoType == DEMO_IMG_TRANSP_AND_TEXT_AND_CIRCLE)
|| (demoType == DEMO_IMG_TRANSP) || (demoType == DEMO_IMG_OPAQUE))

MediaTracker mt = new MediaTracker(this);
for(int i = 0; i < runimage.length; i++)

mt.addimage(runimageli, i);
o
mt.waitForAll();
catch(Exception e)
e.printStackTrace();
}

refresh();

}
I

private Dimension offDimension = new:Dimension(0,.0),
private Image offlmage;
private Graphics offGraphics;

public void paint(Graphics g)

synchronized(sync)

{

Dimension d = getSize();
if(bDoubleBuffering)

{
if((offGraphics == null) || (d.width != offDimension.width) || (d.height != offDimension.height))

offDimension = d;
offlmage = createlmage(d.width, d.height);
offGraphics = offimage.getGraphics();

}
}
else

offGraphics = g;
}

offGraphics.setColor(this.getBackground());
offGraphics.fillRect(0, 0, d.width, d.height);

/I render
render(offGraphics);

if(bDoubleBuffering)

g.drawlmage(offimage, 0, 0, this);
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}

timeStep();

sync.notifyAll();

public void update(Graphics g)

paint(g);

public void render(Graphics g)

{

for(int i = 0; i < drawCount; i++)

switch(demoType)
{

case DEMO_IMG_TRANSP:

case DEMO_IMG_OPAQUE:
g.drawlmage(runimage[0], left_x, left_y, this);
break;

case DEMO_TEXT:
g.setColor(fgColor);
g.setFont(textFont);
g.drawString("Running", left_x, left_y);
break;

case DEMO_RECT:
g.setColor(fgColor);
g.fillRect(left_x, left_y, 110, 110);
break;

case DEMO_CIRCLE:
g.setColor(fgColor);
g.fillOval(left_x, left_y, 110, 110);
break;

case DEMO_IMG_TRANSP_AND_TEXT:
g.setColor(fgColor);
g.setFont(textFont);
g.drawString("Running", left_x; left_y);
g.drawlmage(runimagel0], left_x, lefty; this);
break;

case DEMO_IMG_TRANSP_AND-RECT.
g.setColor(fgColor);
g.fillRect(left_x, left_y, 110,:110);
g.drawlmage(runimage[0]; left_x, left_y, this);
break;

case DEMO_IMG_TRANSP_AND_CIRCLE:
g.setColor(fgColor);
g.fillOval(left_x, left_y, 110, 110);
g.drawlmage(runimage[0], left_x, left_y, this);
break;

case DEMO_IMG_TRANSP_AND_TEXT_AND_RECT:
g.setColor(fgColor);
g.setFont(textFont);
g.drawString("Running", left_x, left_y);
g.fillRect(left_x, left_y, 110, 110);
g.drawlmage(runimage[0], left_x, left_y, this);
break;

case DEMO_IMG_TRANSP_AND_TEXT_AND_CIRCLE:
g.setColor(fgColor);
g.setFont(textFont);
g.drawString("Running", left_x, left_y);
g.fillOval(left_x, left_y, 110, 110);
g.drawlmage(runimage[0], left_x, left_y, this);
break;

default:;

}
for(inti = 0; i < drawCount; i++)
switch(demoType)
case DEMO_IMG_TRANSP:
case DEMO_IMG_OPAQUE:
g.drawlmage(runimage[1], right_x, right_y, this);

break;
case DEMO_TEXT:
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g.setColor(fgColor);
g.setFont(textFont);
g.drawString("Running", right_x, right_y);
break;

case DEMO_RECT:
g.setColor(fgColor);
g fillRect(right_x, right_y, 110, 110);
break;

case DEMO_CIRCLE:
g.setColor(fgColor);
g.fillOval(right_x, right_y, 110, 110);
break;

case DEMO_IMG_TRANSP_AND_TEXT:
g.setColor(fgColor);
g.setFont(textFont);
g.drawString("Running", right_x, right_y);
g.drawlmage(runimage[1], right_x, right_y, this);
break;

case DEMO_IMG_TRANSP_AND_RECT:
g.setColor(fgColor);
g fillRect(right_x, right_y, 110, 110);
g.drawlmage(runimage[1], right_x, right_y, this);
break;

case DEMO_IMG_TRANSP_AND_CIRCLE:
g.setColor(fgColor);
g.fillOval(right_x, right_y, 110, 110);
g.drawlmage(runimage[1], right_x, right_y, this);
break;

case DEMO_IMG_TRANSP_AND_TEXT_AND_RECT:
g.setColor(fgColor);
g.setFont(textFont);
g.drawString("Running", right_x, right_y);
g fillRect(right_x, right_y, 110, 110);
g.drawlmage(runimage[1], right. X, right_y,this);
break;

case DEMO_IMG_TRANSP:AND_TEXT_AND_CIRCLE:
g.setColor(fgColor);
g.setFont(textFont);
g.drawString("Running”, right_x, right=y);
g.fillOval(right_x, right_y, 110, 110);
g.drawlmage(runimage[1], right_x,.right_y, this);
break;

default:;

}

It

private void startAnimation()
initStep();

new Thread(this).start();
}

1
private boolean running = false;
private int count = 0;

private long usedTime;
private float fps;

long beginTime;
public void refresh()

left_x = 40+count*4;
right_x = 40+(frameCount-count)*4;

}
public void initStep()
{
count = 0;
refresh();
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running = true;

beginTime = System.currentTimeMillis();

}
public void timeStep()
if(running)
count++;
refresh();
if(count >= frameCount)
{

usedTime = System.currentTimeMillis() - beginTime;
fps = (float)(((float)usedTime)/1000.0);

fps = (float)((float)count / (fps+0.0001));
System.out.printin(usedTime+"(FPS:"+fps+")");

running = false;

}

public void run()
while(running)
synchronized(sync)
this.repaint();
try
{

sync.wait();

catch(Exception e)
{
}

}
/f===================ssssssssshglestmmmma=

public void close()

{
}

public void mouseClicked(MouseEvent e) {}
public void mousePressed(MouseEvent e) {}

public void mouseReleased(MouseEvent e)

this.startAnimation();

}

public void mouseEntered(MouseEvent e) {}
public void mouseExited(MouseEvent e) {}

public static void main(String[] args)

{
int demoType = Integer.parselnt(args[0]);
int drawCount = Integer.parselnt(args[1]);

Frame f = new Frame("Demo ["+DemoAnimator.DEMO_TITLE[demoType]+"]: draw "+args[1]+" times.");
f.addWindowListener(new WindowAdapter()

public void windowClosing(WindowEvent e)

{
System.exit(0);

}
s
f.setSize(600, 300);

f.add(new DemoAnimator(demoType, drawCount));
f.show();
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