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JavaScript Multithread Framework for Asynchronous Processing

DAISUKE MAKIt and HIDEYA TWASAKIt

Although Ajax is widely used in the development of Web applications, it is well known
that Ajax development is much more difficult than traditional Web development. There are
two reasons: (1) Ajax developers have to write complex asynchronous program on a single
thread; (2) asynchronous communication on JavaScript can be programmed only in event
driven style, which causes control-flow difficulty. To resolve this problem, we provide multi-
thread library to JavaScript programmers. The proposed library has the following features:
(1) it is portable among popular Web browsers; (2) it provides preemptive scheduling; (3)
it provides object-oriented API. The proposed system converts JavaScript programs written
in multithreaded-style into those in continuation-based style that are executable on existing
systems, and then executes them concurrently on a runtime-library called thread-scheduler.
To see the effectiveness of the library, we implemented an Ajax application using the library.
The overhead of the converted programs is not a serious problem in practice because the
overhead is smaller enough than communication delay of Ajax applications.
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Fig.1 Image of runtime Ul-thread.
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while ( 1 ) do_stuff();
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var req = new XMLHttpRequest();
req.open("GET", url, true);
req.onreadystatechange = function () {
if (req.readyState == 4) {
if (req.status == 200)
document .write(req.responseText) ;
else
document .write ("ERROR") ;
}
};
req.send(null);
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Fig.2 Example of use of XMLHttpRequest.
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1: var req = new XMLHttpRequest();

2: req.open("GET", url, true);

3: req.onreadystatechange=handleril;
4: req.send(null);

5:

6: function handlerl () {

7: if (req.readyState == 4) {

8: if (req.status == 200) {

9: var text = req.responseText;
10: text 0000000

11: req.open("POST", url, true);
12: req.onreadystatechange=handler2;
13: req.send(text);

14: } else {

15: onError ("ERROR: can’t GET");
16: }

17: }

18: }

19:
20: function handler2 () {
21: if (req.readyState == 4) {
22: if (req.status == 200) {
23: document .write("0K");
24: } else {
25: onError ("ERROR: can’t POST");
26: }
27: %}
28: }
29:
30: function onError () {
31:  document.write("ERROR");
32: }

(a) 000D0D00D0ODO0

try {

var req = new XMLHttpRequest();
req.open("GET", url, false);
req.send(null);
if (req.status != 200) throw "ERROR";
text 00O OOOO
req.open("POST", url, false);
req.send(text);
if (req.status != 200) throw "ERROR";
document.write ("OK");
} catch (e) {
document .write(e);

}

(b) 0DODDDOO0DOO

03 0DO00O0o0oOoooOoooooooooo
Fig.3 Program that communicates with a server.

O00DAjax0O0000O00O00O0OODOOOOOOO
oOoobOO0oO0O0oO0bOOOo0ooOoobOoboooobooo
O0000Ajax0O000D00000O0OOOODOOO
authenticate 0O O0O0O00OOODOOODOODOO
000000000DO0O000DbODO0000 truedd
O0000D falseJO0ODODOOOOOODDOOOO




Vol. 48 No. SIG 12(PRO 34)

goobooOo0o0Uoooooooooooooooo
gooobooooooOoooooooooooooo
Jo0oobopoooooo0ooooooooooooo
Joooooooooo0o0ooooooooooo
J00ooo0o0oooooooooooooooo
doodoobobooooooooobooooooono
UO000d0dddd authenticate OO DOODODODO
gooooooOoooooooooboooooooboo
000000000000 callback OOOOOOO
gooooboooooOooooobooooooooo
00000000 0Oauthenticate OO OOODODODO
goooooboooobooooo

authenticate (name, pass, callback)

0oooooooooOoOoooooooooooo
Joooooooooooooooooooooboon
goooooboooooooooooo

gooooooooboobOooooboobooood
oooo0oO0oOoOoOoOo0O0OOO000O00o0oOoUgoo
gooooboooooooooobooooooooo
OO0O0Oo0oD0DO0OOtry-catch OOOOOOOODOO
O000000JavaScript 00000000 0OOOO
goooobooooOoOoooooooooooooo
0000000000000 0000AjaxO000O0
000000000000 JavaScript DO 0O OO0
00000000000 00000 JavaScript 00O
0oodoooooooooooooooooooono
dooddobooooooooooooooooono
goooboooooooooooobooooOooooo
gooobooooooooooooboooooooo
gooobooooOooooooobooooooooo
oobooobooogoo

3. 0000

3.1 0O0O0O0O0O0OOoO0ooOooon
gobooobooooooooooobooooooooo
OO0O0000oOo0ooO00oooooOogoAjaxd
goooooooobooooooobobobooDbo
0000 AjaxO0OO0O0O 100000 UIODOOO
goooobooooooooooooooooooo
goooooooooooooooboboooooo
goooboooooooboobooooooooobooon
goooobooooooboooooboooooooo
ooooooooooooo
O00000000AjaxO000O0D0ODOODOOOO
gooobooooooooooooboobooooooo
goooooboooooooooooboooooooo

000000000 JavaScript 0 0000000000000 5

0000000o0oo0oooooOOJavaScript O
gooooooooooooooooooooooo
ooooo

3.2 O O

gooooOOoOooopoooooOoOoooooooDOo
O00O0opDOoOoO00d0 JavaScript 0O OOOOODO
goooOOoOooooOoooooogwebOOogoooo
000000000000 WebOOOooooooo
goooooooooooooooboooooooo
0000000000000 AjaxO0OOO0O0OOO
1000WebOODOOOOOOODOOODOOOOO
0000000000 WebOOOOOOOOOOO
000000000000 00000oo0O00 AjaxO
g0oooooooooooooo

ooOoooOooooo0oooOoooooboOooo ulo
gopooooopOoOoOoooOooooooooooo
goooooooOooooooooooogoooo
oo00o0o0ooo0oooooooooooog API
goooooooooooobooo4000O0O0DO
gooooooooooooooooooobooooo
Do0oOooooOoOJavaScript0 00000000
goooooooooooooOoOo0o0oooooooon
0000000 eval OOOOODOOOOCDOODODO
gooooooOoOooooooobooooooooo
gooooo0oooDbDOoOoOoOoOoooooooooo
oooood

JavaScript 0000000 Function DO OOOO
goooooooooooooOoOoOoOooobooooo
00000 Function OO OOOOCOOOODOOOO
000 toString OODODOODODODODO O OFunction
OO00C0O00D0 toString OODODOOOODOODO
goooooooooooooooooOooooon
000O00® 00000000000000000
JavaScript 0000000000000 0ODOOOOO
gooooopooOoooooooooooooooo
goooooOoooooooooooooooooo
oooo

000000000000 00D00D0 create0 00O
000000 compile DO0O0O0O0O0O0O0O0OO0ODO
gooooooo0ooobooOoOoboOoOoooobooooo
gooooooo0ooooooooOoboOooooooo
g01000000000000000000O0DO
go0000O0000000000000 JavaScript
gooodoooooOoooooooooooooon
gooooooooOoOoOooooo 20000000
5000000C0COOO00O00OO00O0OoooDO



6 gooo0oooooooooooooo

Aug. 2007

01 00ooooooo
Table 1 List of public methods.
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1: function load (url) {

2 var th = Thread.create(nowLoading);
3 try {

4 var res = Thread.Http.get(url);
5: document .write(res.responseText);
6 } catch (e) {

7 document.write("ERROR: " + e);
8: ¥

9: th.killQ);

10: }

11:

12: function nowLoading () {

13: Var bar = [lllll’ Il/ll’ Il_ll’ Il\\ll];
14: var i = 0;

15: while ( true ) {

16: window.status = "Now loading..."
17: + bar[i=(i+1)7%4]1;
18: Thread.sleep(125);

19: }
20: }
21:
22: Thread.create(load, "http://...");

04 O0OODODODOOOOOO
Fig.4 Example of use of the proposed system.
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th.notify(new Thread.KillException());
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try {

Thread.stop();
} catch (e) {
Oo0oooooooooo

}
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function f () {
var ¢ = getc();
// (%)
document.write(c, "\n");

}

(a) 0000000

function f () {
var ¢ = getc();
function rest ( ) {
document .write(c, "\n");
}
rest();
}

(b DOOOODD
06 0OO000000O0O000000O0

Fig.5 Rewriting with continuation.
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10 Nl L |
return f1; return 2; return f3;

06 ODOOOODOOOO
Fig.6 Image of code conversion.
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07 Ooooooo

Fig.7 System overview.
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Fig.8 Relationship of objects.
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var self = this;
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Fig.9 Image of Ul-thread when using provided system.
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function sleep ( $this, $args, $cont ) {

return {continuation: $cont,
ret_val : undefined,
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}
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document .write(x);
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$this, // this[O

$args, // 0000

$cont // 0O00O0OOODOO
) A

return function ( DOOOOO ) {
$args = arguments;
ooooood
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m
return 00 000O0O0OO0O0O0O;
}.apply($this, $args);

}
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Joooooooooooooooooooooon
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ooooo

O0o0oO0ooOooooooo e0boOOoOOoOoOO
oodo0oooooooOooooooooooooo
00000000000 00000000 procedure
000000000000 00 arguments 0O OO
000000000000 Oprocedure D OOOOO
000000000000ooooooooooooon

function ($ret_val) {
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1: function fib ($this, $args, $cont) {
2: return function (n) {
3: $args = arguments;
4: var x, y, Z;
5: var $LABELO = {
6: procedure: function ($ret_val) {
7: arguments = $args;
function fib (n) { 8- x=y=1;
var X, y, z; 9: return {continuation:$LABEL1,
x=y=1; 10: timeout :undefined,
while (n !'= 0 ) { 11: ret_val :undefined};
zZ =3+ 7y; 12: },
y = x; y 13: this_val : this,
X = z; 14: exception: $cont.exception
n--; 15: };
} 16: var $LABEL1 = {
return x: 17: procedure: function ($ret_val) {
} ’ 18: arguments = $args;
19: if (!(n !'=0))
20: return {continuation:$LABEL2,
() DDDODOD 21: timeout :undefined,
22: ret_val :undefined};
23: z=Xx+7y;
24: y = X;
function fib ( n ) { 25: X =2z;
var x, y, Z; 26: n==; . .
$LABELO: 27: return {continuation: $LABEL1,
=y =1: 28: timeout : undefined,
y ’ 29: ret_val : undefined};
$LABEL1: 30: },
if ( t(n !=0) ) goto $LABEL2; 31: this_val : this,
zZ=x+y; 32: exception: $cont.exception
y = x5 33: };
X =z 34: var $LABEL2 = {
n--; 35: procedure: function ($ret_val) {
goto $LABEL1; 36: arguments = $args;
$LABEL2: 37: return {continuation:$cont,
return x; 38: timeout :undefined,
} 39: ret_val :X };
40: },
(b) goto 00 000D0DOONOOOOOODO 41: this_val : this, )
42: exception: $cont.exception
43: };
44 return $LABELO;
45 }.apply($this, S$args);
46: }

(c)DOoO0OOOOOODO

010 O000O00O00CO

Fig. 10

return 00000000000 ;

}

0000000000000 continuation OO
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dooodbooobooboooooooooooooag
00oo0O0o0ob00o0o0obOoDoOoogd gotod o
dooooooooobooooooooooooog
010000000000 gotoOOODODODOO
doodoDo0ooDooooooooooooooog

Example of code conversion.

00000 bO00obobOodbOgotodO return OO
goooobooooooooooooOoboooooobo
goooboboooOooOooUooooooooooobo
oooo

4.5 0OO0O0OOO

0100000000000000000 10(a)0O
Ob00odb0d gotoODOO0ODOODOOODOODOODOO
oo0o0oO0oO0 1o ooooo0ooooooooo
J00000000goto0 D 0OODOOODOOOO
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goooboooooooopoobooooooooo
O000000O0o0o0ooOoO 10(c)0DOOOO
0000000000 $LABELO DO OOOOOO
JooobooooOoooOooooooooooooo
gotoODOOOODODOOODOOOODOOOY9C11 00O
ogooooooooo
O00Oreturn0000000O0O0O0OOOOOO0O
goooooooooooopooooboooooboooo
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oono
r = o.m(x, y);
ogooooooooooood
var $LABELa = {
procedure: function ($ret_val) {
m
if (e.mO00O0O0D0OCOODOODOOO) {
return o.m(o, [x, y], $LABELD);
} else {
return { continuation: $LABELD,
timeout : undefined,
ret_val s om(x, y) };
}
1,
m
};
var $LABELb = {
procedure: function ($ret_val) {
arguments = $args;
r = $ret_val;
m
1,
m
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0oooo0o0o0oobobOoOoooOo0ooooooooo
000000000000000000000000
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gooobOoobobobobobobuoobooboo
JooobooobOobobooboboobooobooooo
poooboooooo
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Fig.11 Tree BBS’s execution screen.

function getArticle (id, cont) {
if (articlelid]) {
cont(article[id]);

} else {

new Ajax.Request(

./article/?id=" + id, {

method "GET",

onSuccess : function (req) {
var x, e;

X = req.responseXML;

e = x.getElementsByTagName("article
cont (new Article(e[0]));
X
b;

}
}

function backgroundLoad (ids, cont) {
var i = 0;
function loop ( ) {
if (i < ids.length) {
getArticle(ids[i++], function(a){
backgroundLoad(a.children, loop);
b;
} else {
cont();
}
}
loopQ);
}

Aug. 2007

function getArticle (id) {
if (articlelid]) {
return articlel[id];

} else {
var r, x, e;
r = Thread.Http.get(
") "../article/?id=" + id
)3
x = r.responseXML;
e =

return new Article(e[0]);
}
}

function backgroundLoad (ids) {
var i = 0;
while (i < ids.length) {
var a = getArticle(ids[i++]);
backgroundLoad(a.children);
}
}

x.getElementsByTagName ("article");

(b 00DODODOOOOOO

(a) Prototype DO OOOO
012 00000

g0ooooooooooooo

Fig.12 Implementations of background preloading.
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Table 2 Comparison of lines and functioins of code.
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03 0000000 /0000000000DO00D0DOD
Table 3 Comparison of execution times (in seconds).

Mozilla FireFox 2.0.0.3 | Internet Explorer 7.0.5730.11 Opera 9.20

prime fib prime fib prime fib
oooooo 17.72 9.39 10.83 6.53 4.09 1.77
ooooooo 0.06 0.15 0.08 0.09 0.07 0.02
00 /000 292 61 144 69 59 98

04 O0O0OO0OO0OOOOOOOOOOODOOOOOOO
Table 4 Required time to load articles (in seconds).
Mozilla Firefox 2.0.0.3 | Internet Explorer 7.0.5730.11 | Opera 9.20
gooo 16.6 + 1.6 177 £ 1.3 14.8 £ 1.3
Prototype 134 £ 19 16.3 £ 1.5 14.8 £ 1.0
0000 / Prototype 1.2 1.1 1.0
0ob0o0o00o0oobboO0oooOooboobooboOo
6. 0 O0O0O
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