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Multithreading ActionScript Programs
with Bytecode Translation

TAKUYA SuGIMOTO,!! YAsusHI SHINJO, !
Hisasar Nakarl,? Kozo ITanot! and Akira SaTtof!

Programming in ActionScript has restrictions on coding control flows for de-

velopers who are familiar with mutithread programming in C, Java, and other
languages. There are three typical cases when a user defines functions which
must return to the runtime during a task. The first case is to receive a response
from a remote server. The second case is to redraw the graphics. The third
case is to prevent the Web browser from freezing in a CPU intensive task. In
these cases, an event-driven programming style is used to return the control
flow to the runtime. However, the event-driven programming style results in
complex program codes even for writing simple procedures. To overcome these
problems, we make it possible for developers to write multithread programs in
ActionScript. In our scheme, first, a programmer writes a multithread program
using our API, and compiles the program into bytecode using the standard
ActionScript compiler. Second, our translator inserts code into each function
in the bytecode program. This code will store the current execution state and
suspend the execution of the function. At runtime, our thread manager calls
the function of the first executable thread. This function executes its bytecode,
and returns to the thread manager when the inserted code is executed. Our
thread manager then calls the function of the next executable thread. With
our scheme, we wrote several programs including animations and downloading
files from servers using the multithread programming style.
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1 var loader:Loader;

2 function run():void {

3 loader = new Loader();

4  var request:URLRequest = new URLRequest("image.gif");
5 loader.load(request); //000000000

6 addChild(loader.content); //0 000000000000
7}

01 0000000000o0oO0000000on

Fig.1 An incomplete program which communicates with a server.

var loader:Loader;

function run():void {
loader = new Loader();
var request:URLRequest = new URLRequest("image.gif");
loader.contentLoaderInfo.addEventListener("complete", completeHandler);
loader.load(request); /000000000

}

function completeHandler(event:Event):void {
addChild(loader.content); /0000000000000

}
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Fig.2 A program in event-driven style which communicates with a server.
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function run():void {
for (var i:int = 0; i < 100; i++) {
this.x += 5; // 00000000000 sOOOOOOO
redraw(); //000000
}
}

DU W N

03 for0000O000OO0DOOOODODODOO
Fig.3 A program which displays an animation using the for statement.

function run():void {

addEventListener("enterFrame", enterFrameHandler);
}
var i:int = 0O;
function enterFrameHandler (event:Event):void {

this.x += 5; // 00000000000 50000000

if (++i >= 100)

removeEventListener("enterFrame", enterFrameHandler);
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04 0O0O0OOO0OOOOOOOOOOOOOODOOO
Fig.4 A program which displays an animation in an event-driven style.

O A000OOQOOOOOODOOOOO0 TOOOOODO 1O0O0OODOOOOOODODOODOO
goooooon

gobooooooooooobooooooooobooooboooOIOoooOoDoo
goboo200000000000b00O000D0DOO

22 000OO0OO0OOO0OOO0OOO0O000

030 for 0000000000000 0O0OOODOOO0O0OODOOOOOOODODODO
ooooooOoODOOO0OO0O0 sO000000010000000000000redraw() OO

goboooooooboobodooooooobooooboooboooooboooooooboboOoooDoo

000 ActionScript 00 redraw() 00000000 OODODODOOOOOOOOOOOO
O A0O0ODDDODOOOOOOOC TOOOOODOOOOoOooOO

000 ActionScript 0000 0000000000000 0O0O0O0O0OOOOOOOOO
000000000ooO0O000d0o0o040000000000000000ODOOOO0O0O
00000 enterFrameHandler() OO0 enterFrame 0O O ODOOOOOOODOODOO
JdodoooooooooooopoooboOoUobo sO0bbOb0U0d0bDOoOOoODbOO
00000 AQOODOOOOOOOOO0OO0OOO TOODODOOO 30000000000

000000000 0000000 Vol.4 No.3 6883 (June 2011)

1 function run():void {
2 for (var i:int = 0; i < 10000; i++) {
3 heavyTask() ;
4 }
5 }
6 function heavyTask() :void {
7 for (var i:int = 0; i < 10000; i++) {
8 //0000
9 )
10 }
05 CPUDOODOODOOOOODOODODOOOO
Fig.5 A program which consumes CPU time.
1 function run():void {
2 addEventListener("enterFrame", enterFrameHandler);
3}
4 var i:int = 0O;
5 function enterFrameHandler(event:Event):void {
6  heavyTask();
7 if (++i >= 10000)
8 removeEventListener ("enterFrame", enterFrameHandler);
9 }

10 function heavyTask():void {

11 for (var i:int = 0; i < 10000; i++) {
12 //0000

13}

14 }

06 UOO0O0OOOOOO CcpPUOOOOOOOOODOOOOOOOO
Fig.6 A program which consumes CPU time in an event-driven style.
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Fig.7 The workflow of the proposed method.
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Fig.8 The structure of the proposed method.
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02 000000000
Table 2 Semantics of function calling.
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1 new Thread(func, [argl, arg2, ...]).start();
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Fig.9 A program to create a new thread.
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Table 3 Library methods offered by proposed method.

ooo ooooo

yield () oooooooooo

redraw() ooooo0oO0oO0OoOoOoOoOOO0OoOoooooo

sleep() 00000000 0000000000000000D0
wait() ooooo0o0o00OOOoO0OO0000O0O0O0000000000

1 [Suspendable]

2 function run():void {

3 var loader:Loader = new Loader();

4 var request:URLRequest = new URLRequest("image.gif");
5  loader.load(request); //000000000

6 wait(loader, Event.COMPLETE);

7 addChild(loader.content); /0000000000000
8

010 000OO0OOOODOOODOODOOOOOO0OOOO0
Fig.10 A program using the proposed method which communicates with a server.
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1 [Suspendable]

2 function run():void {

3 for (var i:int = 0; i < 100; i++) {

4 this.x += 5; // 00000000000 sO00000O00O0O
5 redraw(); //000000

6 )

7}

011 0O0D0O0OODOODOODOObDOObOOobOoooo
Fig.11 A program which displays an animation using the proposed method.

1 [Suspendable]

2 function run():void {

3 for (var i:int = 0; i < 10000; i++) {
4 heavyTask() ;

5 %

6 }

7 [Suspendable]

8 function heavyTask():void {

9 for (var i:int = 0; i < 10000; i++) {
10 //0000

11}

12}

012 00000000 CpPULDOODOOODOOOOOOOOOO

Fig.12 A program which consumes cpu time using the proposed method.
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1 [Suspendable]

2 function f():int {

3 return g();

4}

5 [Suspendable]

6 function g():int {

7 yield(); //000000000O0OO
8 return 1;

9

}

013 O00000000O0O0OO0O0000O0O0O0O0O00000O0O0

Fig.13 A program which calls a suspendable function from another suspendable function.
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Fig. 14 Suspending multiple suspendable functions.
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1 function run(c:Continuation = null):Continuation {

2 if (c) {

3 i = c.locals[1];

4 cl = c.returnValue;

5 goto c.label;

6 )

7 for (var i:int = 0; i < 100; i++) {

8 this.x += 5; // 00000000000 sO0000O0O0OO
9 var cl:* = redraw();

10 if (c1 is Continuation) {

11 if (c == null) c = new Continuation();

12 c.func = this.run; c.label = $L1; c.locals[1] = i;
13 cl.queue(c);

14 return ci;

15 $L1:

16 }

17 if ( ++loop_counter >= max_loop_counter ) {
18 if (c == null) c¢ = new Continuation();

19 c.func = this.run; c.label = $L2; c.locals[1] = i;
20 return c;

21 $L2:

22 }

23}

24 if (e) {

25 if (c.next) {

26 c.next.returnValue = null;

27 return c.next;

28 } else {

29 return null;

30 }

31 }

32 return null;

33 }

015 000000000000

Fig. 15 Pseudo code of a program after code translation.
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Fig.16 The structure of the code translator.
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class Continuation {
var func:Function;
var label:int;

1

2

3

4

5 var operands:Array;
6 var scopes:Array;

7 var locals:Array;

8 var returnValue:x*;

10 var next:Continuation = null;

12 function queue(c:Continuation):Continuation;
13 function resume() :*;
14 function resumeWithReturnValue(value:*):%*;

017 0O0O0O0O0Oooo
Fig. 17 Continuation Object.
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Table 4 The environment for the benchmark test.

oS Windows 7 Professional 32 bit
gooooo Intel Core i7 2.67 GHz

ooo 6 GB

Flash Player 00000 10.1.102.64
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Table 5 Overhead of proposed method.
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1 [Suspendable]

2 function run():void {
3 //0000000000000000000O0
4 for (var i:int = 0; i < 1000; i++) {
5 heavyTask() ;
6 )

7}

g8 //0000000000000D0O0OO0O0O0OOOOOO0O0
9 function heavyTask() :void {

10 //00000000000000000000

11 for (var i:int = 0; i < 100000; i++) {

12 //0000

13}
14 }
018 00000000 CPUDOODOOODOODOODOOODOOODOOOOOO
Fig. 18 Tuning a program which consumes cpu time using the proposed method.
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Table 6 Code size increase by bytecode translation.
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