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To modify some definitions of classes of an application and restart it,
the application should be reloaded by a new class loader. This approach
is, for example, used for HOT deployment. However, it degrades the
performance of a server application if reloading all the classes of an ap-
plication. This paper proposes a technique to speed up restarting an
application by partial class reloading. When an application is restarted,
if we know which classes are modified, we can reuse classes that have
been already loaded and are not changed at this restart. Furthermore,
when each class of an application has some versions and the application
is restarted repeatedly with combination of different versions of classes,
we can reduce reloading costs by creating a class loader responsible for
loading each version of a class. This allows us to reuse not only origi-
nal classes but also various versions of each class. However, the latter
approach may degrade the performance because a large number of class
loader instances are created when we modify a number of classes. We
applied above two approaches to our per-session AOP framework respec-
tively and provided guidelines which approach you should use.



HpN

gboobooooboobooobooboooboooooooooboon
goobooobooooooboooooooooooboo

gbobooboooboboaoboboobobobobobobobonoooobon
gobbobobooboooooooboobboooon

googobooooobbooboboooboooooooobooon
ggoooboooooooo

gbooboobbooooboboooboboboboboboooobboboobn
oobooboboooboboooo

ggoboboboooboobboobbobobobooooboooboob
gboboooboboboobbbooooooboooboboooon
oooooogo



010
1.1
1.2

1.3
14

020
2.1
2.2

2.3

030
3.1

3.2

040
4.1

4.2

oooo

Dynamic Class Loading in the Java Virtual Machine . . .
HotSwap . . . . . . . . . . . .
2.2.1 Instrument APIO OO0 DAOPDODOODOO .
222 Wool. ... .. ..
2.2.3 JAsCo,DJAsCo . . ... ... ... ... .....
Sister Namespace . . . . . . . . . ... oL

Oo00oooO0oooooooooooooooooo

goddooouoooood ..o s s
3.1.1 000000000 ... ... ...
3.1.2 ClassLoader OO . . .. ... ... ... .....
3.1.3 O0O00O0OO0O0OO0O0O ... ... ... .. ... ..
3.14 00000000000 ... ... ... ... ..
3.1.5 00000000000 ... ... ... .. ...,
3.1.6 OO00OUOOoOO0Ooooood ... ..o,
oooooooonoooo ... e s e

0000000 oo000o00oooooooon

s
4.1.1 Hotdeploy OOODO ... ..............
OO0 2 o e e e
421 ODOO0OO0OODOOOOOOODOOOOOOCOOO .....

11
11
11
14
15

16
16
16
17
19
19
19

22
22
22
23
24
24
25
26
26



as0
5.1

5.2

ged
6.1
6.2

o770
7.1
7.2

o0

Per-session AOP OO OOO0OO .. ............
5.1.1 Per-session AOP OO0 DOOO0O0OOOO ......
5.1.2 Per-session AOP OO0 OOOoooooogd ... ..
00000000000 ... ... ..o, .
5.2.1 0000000 .. ... ... . ..
5.2.2 00000 .. ... e e e
a0

OO000 ... . e e
00000 ... e
6.2.1 00000 0. ... ... i e
6.2.2 00000 2575 . . . . ... . i ..

uboooooan

gog ...

35
35
35
39
40
40
43

45
45
46
46
49



[]

1.1
1.2
1.3
1.4

21
2.2
2.3

3.1
3.2
3.3
3.4

4.1
4.2
4.3
4.4
4.5

5.1
5.2
5.3
5.4
9.5
5.6
5.7
5.8
5.9
5.10
5.11
5.12

[

oooooooooooon ..o 9
DIODOOODOOO0O ... .. e e 10
AspectJ OO OOOO .. .. v oo it e e e 13
I I 14
I 18
O0000000000 ... ... v 20
goooooooooooood .. 00 21
ClassLoader OO DO . . . .. . ... .. ... ... ..... 23
DirClassLoader OO QO . . . . . . . .. ... ... ..... 25
I I 26
HOT deploy . . . . . .. ... . 28
00000 loadClass OO QOO .. . .. ..o oL 30
00 10000 Hotdeploy . . .. ... .......... 31
OO0 10 2 .. s e e e e e 32
Jdoodooodoooooboooooooogooo ... 33
Oooooooooooon . ..o s 34
Tomcat DO OOOOOO .. ... ... .. ... .. ... 36
Context.xml . . . . . . ... ... ... ... .. ..., 36
Valve . . . . . . . . 37
SessionGetterValve OO O . . . . . .. ... ... ..... 37
WebappWrapper OO O . . .. ... ... ... ...... 38
000000000 ... ... 0 e 38
godooooooooooooog ..o 39
OO0O0O0 ... e e e e 40
GluionJ OOODOOO ... ... e 41
I I L 0 D U 41
GlueWeaveLoader.findClass OO OO . . . ... ... ... 42
ooooOooOoOOOOOOOOOODOOOODOOO (O

OO) o oo e e e 43



513 0000000000 OoOoO(@oOoO)............. 44
514 CacheLRU OODO .. .. . 0. oo o oo 44
6.1 OOD0OOO0O0O0O ... .. oo 46
6.2 DO0OO0OO0DOODO20 .. ... 0 o .. 48
6.3 UO0OD0OOOOOO0O .. ... oo .. 49
64 000000000000 ... ... 50
6.5 DOOOOODOODOOO ... ... . ... o1
6.6 OJUOODOOOOO10 .. ... .0 000 ... o1
6.7 DODOOODOOOOODOobOOD20 @00 oo 52
6.8 DO00ODO0OU0OOOOODOODOODOODOO ... .. 52
6.9 OO0O0Oooooooooboooooooboog oL 53

6.10 000DOO0ODODODOOODODOOODOO00OOoDgnO 250 53
6.11 DO00O00O000O000bO0O0oO0oooooboooo 250 54
6.12 0000000000000 0000000O0000O 500 54
6.13 D0 000D O0ODODOO0bOO0000oooboDonD 500 5
6.14 DO00O0000000DOO0DOODOODbOOODOODoOO 750 55
6.15 D000 0O0O00O000boOoOooOooooooboOoooon 750 56



L O

6.1 OOOO ..........
6.2 DO000ODOODOODOODO
63 m/nO0000000000



10 ot

OO00OWebODODOOOOUODOODOOOO JavaOPHPOPerlOC++ OO
oooboobbooOoboooooooboobooboboDbbOOO00D Web
ooboooboooobobbobooboD Jwval OODOOOOO0OODOODO
gooooo

ubooodoon boobbboodoobdooboooobobooboboo
gooobbooooobobooobooobooboobobobbog
gooooobobooobo

OO0 bDOoooooooboouooboouooweb ooooooo oo
oood

000 C++ 000000 CcGlOOoOoooooooooooooaon
Java 0000000 WORAO Write Once, Run Anywhere(10 O
O JavaOOOOOOO

ubbodg oboodobooobboboooooubooouabo
ugoooobooobbobobobooooboooooooooooan
goboodlboooobboooobbboobooooo

O000obooooooobboO JavaOODODOOODOOOOODOOJava
gbbobobooooooobobobooobbobbooooobon
ooooobcGloooooooooobobobooooonpooooo
obobOJawaOOOOOO0OOO0OOOLOODOODOOOOOOODOOOO
goboooooboboboobobobooobboboboboboog
gbooobobolioobogooooooboooobboooboboobD
gooopoobbooobooooobooboooboooooooboon

iWebappCIassLoader loader = new WebappClassLoader(); i
|Class clazz = loader.loadClass(/ 00000000000 x)); \
|Servlet servlet = (Servlet)clazz.newInstance(); \
‘/*servletl]l]l]l]l]l]l]l][l*/ |

0 11: 0000000000000



0O Ul W~

0o1g o0oog 10

Interface PageLayout{
String getTitlePos(); String getbgColor(); .. }

Class HomePage extends HttpServlet{

PagelLayout p;

void setLayout(){
setTitle(p.getTitlePos());
setColor(p.getbgColor()); .. }}
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public aspect LoggerAspect {
pointcut loggedMethods() :
execution(void A.foo()) || execution(void A.bar());

before() : loggedMethods() {
System.err.println(‘‘execute ...”");
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2.1 Dynamic Class Loading in the Java Virtual
Machine
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public class Agent {
private Instrumentation inst;

public static void premain(String args,Instrumentation inst) {
Agent agent = new Agent(args, inst);
S+ 0000x%/

public Agent(String agentArgs, Instrumentation inst) {
this.inst = inst;

}

public void weave(String className, String aspectName) {
byte[] woven = getWoven(className, aspectName);
ClassDefinition def
= new ClassDefinition(Class.forName(className), woven);
inst.redefineClasses(new ClassDefinition[] { def });

}

byte[] getWoven(String className, String aspectName) {
M0 00000000x/
return A 000000000 x/

}
}
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public Class loadClass(String name) { i
if (* name00000000x%/){ \
ClassLoader loader = new CustomLoader(); \
return loader.loadClass(name); \
|

}

else return super.loadClass(name);

}

0 2200000000000
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App app = new App();
oooooo

Class clazz = mainloader.loadClass("App");// DO ODODOOODO
App app = (App) clazz.newInstance();
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// 0000
App app = new App();
app.func();

// 0000000 APTI OODODODO
App app = (App) loader.loadClass("App").newInstance();
app.func();
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class ClassLoader {
public Class loadClass(String name);
public final ClassLoader getParent();
protected Class findClass(String name);
protected final void resolveClass(Class c);
protected final Class defineClass(String name, byte|| buf, int
off, int len);
protected final Class findLoadedClass(String name);
protected final Class findSystemClass(String name);
public static ClassLoader getSystemClassLoader();

O 3.1: ClassLoader O O O

gbobooobooboobobooooboboboobobooooooooobo
gdooooobooooobbbobooboooobbboooooboon
ggoo

3.1.2 ClassLoader O OO

0000000000 ClassLoader00 0000 O0OODDOOOO 3.100

e loadClass 0O OO
JvMOOGOOOoOoOooooooooooooooooooooa
doddoooboododoooooooooooouoooogao
ClassNotFoundExceptionO0 OO OO OO

e getParent 00 OO
0000000 0000000000000000D0D000000
000000l 0000000000000 000DO000 00
0000000000000 DO0O000000O SecurityException O
ooooogo

e findClass 00 OO
0000000000000 D000O000000000000000
00000000 00oDoooDoooooooooooooog
0000000000000 0O00OdClassNotFoundException D [
ooooo

e resolveClass OO OO
goopooooooooogoouobooooboooogoogg
gogopooooooood
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e defineClass 00O OO
0000000 javadang.ClassO0 00000 O0D0OO0OO0ODOOODODOO
000000000000 000D000D0O000d0OClassFormatError
ooooooo

e findLoadedClass 00O OO
dodooooooooooo JvMOOoODOoDOoDOOoOooOoOoad
0o0o0ddddooooooooooooooooono JvMOOO
00000000 javaldangClassO OO0 OO0 O0O0OO0OO0OOOOO
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00000000000 getSystemClassLoader IO OO OOOOODO
0000000000000 O0oO0oo0oooooDooooooon
ClassNotFoundException0 OO 00 OO

e getSystemClassLoader 00 00
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3.1.3 0OO0O0O0OOoooon

JvMOOOOOO0O0O0O00OO0OOleadClassOO OO0 OODOODOODODO
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1. findLoadedClass 00 OO0 OO0 000 OO0O0OOOCOOOOOODO
ooooobooooboooboogn

2. 0000000000000 leadClassOO OO OOODOO

3. 000000000000 000 20 ClassNotFoundException O O
O000000OfindClass 0000 00000000000 O0O0O
0000000000000 OdefineClass0000000000O0O
ooooooo

3.14 0J00O0O0OO0OOOOOO
oooooooooooo

MyClassLoader loader = new MyClassLoader();

Class stringClass = loader.loadClass("java.lang.String");
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private dir;
public DirClassLoader(String dir) {
this.dir = dir;

public Class loadClass(String name) {

l;yte[] data = getData(dir, name);
return defineClass(name, data, 0, data.length());

}

0O 3.2: DirClassLoader O O O

0000000 loader O loadClass 0000 000 00000 Stringd O
000D0d00oooOooooooo 3.1.300000000 String0O0O0
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00000 COO0OO0O0O L M leadClassOUO OO OO0OOOODOOOOO
0o00LOO0O00o cCODO0dpoooooDoDOoOoOooD codog L O
O defineClass 00 00 00000 000OODOOOO0OLOODODOCOO
googooooo
doodoooo0oooooooooobO0oDOo0oo conooooa
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class A {
void funcA() {
String s = "foo”;
new B().funcB(s);

public static void main(String[] args) {
new A().funcA();

033 000000000000

3.1.6 UUOO0OOOOOOO0OOOO D

o0 javal000D0O0O0O0OO0O0OO0OOODOODOODOOOO 3.3
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O00OmaindO00O0O0ODOODOOOOOODOODODOOOOOODOO
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000000 String0 000000 BOOOODOOOOODO COOO
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Lg.loadClass(“String”);
Lg.loadClass(“B”);
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O0O0JVM O0000O <String,Lp,ey >0 0000000000000
ooobOoboOoooBOOUOODDLgODOOOODOODOOOLgO
findClassU OO OO0 OJVMOOOO <B,Lg>0000000
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funcADOO0DODO0OOODOODOODOOStingD 000000 BOOOODO
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class A {

void funcA() { new B(Q) .funcB(Q); }
}
class B {

void funcB() { new C(Q) .funcCQ; }
}
class C {

void funcC() {..}
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ipublic Class loadClass(String name) { |
if (*name0000000000000O0O0O0O0O00ODO0O0OOx)) {
Class clazz = findLoadedClass(name);
if (clazz == null) return findClass(name);
else return clazz;

else return getParent().loadClass(name);
public Class findClass(String name) {
byte[| b = null;
| if(/fxneme00000000O0x/){ I
b= A4 000000000x/

else {
b=/ D000000x/

return defineClass(name, b, 0, b.length());

O 4.1: 00000 loadClass 00 OO
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Input: 10000000 SO00000000000000O00P
Output: 000000000000000 Lyestart

e e e e

00000000 T=(V,E) (000 V ={Lsg}, E=¢)0000
A « {L € V | available(L) C S, available(L) # ¢}
if A = ¢?7 then

Lp < Lg
else

Lp « ADDD |available(L)|0 0000000
end
S’ — S - available(Lp)
POO0OO SO00000000O0OO0OOOOO
Lyestart — Lp
foreach C' S’ {

L - COOOODOOODOOOOOODO

V « V+ L¢

E « E + (Lyestart, L)

Lyestart — Lc

}
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S«—SC
foreach Lp (LcO0O0OOOO00O0O) {

then
end

if ,L,000000DODOOOCCOOO0O0 DO SODOOOOOOOoOoooO?

045 0000000000000

e S, £¢0000S, « Sy + 5,0

e S5, =¢0000w.00000 10000000O00DODOO0O
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5.1 Per-session AOP 0O QOQOOOO
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Per-session AOP 000000000 COOO0OODOCOOOOOOOODO
gbobob IbpobobobobbobooooboUobbobobobooo
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5.1.1 Per-session AOPOO0O0OOOOOOO

Per-session AOP D0 O00O0O0ODO0O Tomcat DOOOOOOODODOO
0000000510 Tomecat DOODOOOODOOOO [1]0

00000 Tomeat OO OODOODOOOODOOOODOOOOODOODO
OO0000OPer-session AOP OO0 000000000 DOODOOOOOO
000 Valved Wrapper 0000000000000 DOOOODODOO
000000000000 000000000D0Tomeat DOOOOO0O
O Context.xmlOOODOOODOOO0O0OODOOODODODOOO 5.200

Valve

Valve D 00O 00O ODODOOO0OO0DDOOODDOOOODOODO
000000000 5.300Per-session AOP DO O0OOO00OO0OOOOO
oboboobooboooooooboooboooooonD valveO4oooo
Ooboos4000000000000 ValveOODOO Tomecat JODO0O
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Server

Service

Connector Host
Valve
: AJP %g)

Valve

Context

Logger
Valve

o "’Wrapper '

0 5.1: Tomcat OO OOOOO

<Context path="/App"

wrapperClass="MyWrapper">
<Valve className="MyValve">
<Context/>

0 5.2: Context.xml

O Valve OOinvoke OO0 000 OO0OO0OODODOOOCOOOOOOO
O0oOd ValveOlOODOOO 540 Valve DO DOOO invoke DO OO OO
D00Db0o000oooooouoobooboOodOThreadlocal OO OO
O0b00OTomecat DO O O0ODOOOODOOODOODODODOOODOOOO
OO000D000D0DO ThreadLlocal DO D ODOOODOOOOOOO
getHttpSession DO OO0 O Valve OO0 00000000 OCOCODOO
ubooboboobobooboiobobD getter UOOOOOOO

Wrapper

oobooboobbbuoooboooouobouoouobobDallocate OO
0000000000000 00000 0000000 O 0OPer-session AOP
O00D0OO000000 550 Wrapper 00000030000 O Valve
gbooboobooooooobobobogo4-eb0bOobDbOODbDODOn
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response
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Engine
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request

Context

intercept request

0O 5.3: Valve

Wrapper

37

public class SessionGetterValve extends ValveBase{

private static ThreadLocal<HttpSession> sessionThreadLocal
= new ThreadLocal<HttpSession>();

public void invoke(Request req, Response res)

throws I0Exception,ServletException {

setSession(req, res);
getNext().invoke(req, res);

private synchronized void setSession(Request req,

Response res) throws I0Exception, ServletException{

HttpSession session = req.getSession(false);
sessionThreadLocal.set(session);

}

public static HttpSession getHttpSession(){

return sessionThreadLocal.get();

}
}

O 5.4: SessionGetterValve 0 0O 0O

0000000000000 0000000000000000 allocate
000000000000 00D000000 WebOOQOGQOGQoQoooa
Tomcat 0O O0O0OO00OOO0OOOOOOOOODOOOOOOOOOOO
o000 ooooooooooooooooooooooooooon o
9000 GlueWeaveLoader0 00 000 OO OO O GlueWeaveLoader O O
0000000000000 WebOOOOODODODOOOOODOOOO
0000000001 000000000000 0000 Web OO O
gddoooouooooooodo
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public class WebappWrapper extends StandardWrapper{
public Servlet allocate() throws ServletException{
HttpSession session = SessionGetterValve.getHttpSession();
if(+000000000000CDO0ODOOOODOOOx){
return super.allocate();

}

HashSet set = getUserAspects(uid);

ClassLoader loader = new GlueWeaveLoader(set);
clazz = loader.loadClass(getServletClass());
return (Servlet) clazz.newInstance();

}
}
O 5.5: WebappWrapper 0 0 O
Common
Webapp 1 ' Webapp 2 ' User 1 ' User 2 ' . User 1 ' User 2 ' )
Webapp 1 Webapp 2
Tomcat 6 Per-session AOP framework
056000000000
gooooo

0 5.60 Tomcat 6 00000000000 Per-session AOP OO O
000000000000 0O000DoOoooDooO0Oggn Tomeat 6 00
gdddooooooooooon

Bootstrap OO0 OO OO 0O JVvMOOOOOOOOOoOoOOooooonQ
java 00000000 JVMOOOOOO0OOO (jre/lib/ext) OO0
U0 jar 0000000000000 ooooounoooa
Ooo0000oOo000o0o0odooooooooooooooo JvyMooao
oooooo

System 0000000 CLASSPATH 00O0OO0OOOOOCOOO
00000000000 0O000DOTomeat 6 0000 System OO0
0000 CLASSPATH O OO $CATALINA_HOME/bin/bootstrap.jar
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Normal Webapp . 320
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INF /classes O /JWEB-INF/lib 0000000000000
Per-session AOP 000000000 OWebapp X OOOODOOO0O
ydddoooouooboboboboobooboooo
User X 0000000 /WEB-INF/classes 0 /WEB-INF/lib OO
ubooooobobobtbouoggobobooooooouobbbbobbn
ugoooobooboboboooooon
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QGlue

public class CustomizerAspect {
O@Refine

static class Customizer extends Webapp {
public void doGet(HttpServletRequest req,
HttpServletResponse res) {

/* code */
}

0 59 GluonJ OO OOOO

ClassPool pool = ..; \
CtClass ctClass = pool.get(‘‘CustomizerAspect$Customizer’’); \
String targetName = ctClass.getSuperclass().getName(); ‘
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protected Class findClass(String name) {
CtClass cc;

if (/x nameD00000D000%)) {
Weaver weaver = /x name 000 00000000000 x/
cc = weaver.transform(name);

else {
cc = pool.get(name);

byte[] b = cc.toByteCode();
return defineClass(name, b, 0, b.length);

O 5.11: GlueWeaveLoader.findClass OO0 OO
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Input: OO0OOO0OOODO SOOODOO0OOOOOODOODOODO P
Output: 00 0000000000000 Lyestart

I: 00000000 T=(V,E) (000 V={Ls}, E=¢)0000
2: A« {L €V |available2(L) C S, available2(L) # ¢}

3: if A = ¢? then

4 Lp < Lg

5: else

6: Lp— ADDD |available2(Z)|0 0000000

7: end

8: S « S - available2(Lp)

9. POOO0O S'O00000OO0O0OOOOOOO

10: Lyestart < Lp

11: foreach C' S’ {

12: Le - COODODOO0ODOODOOOODOODODOODOOO
13: VoV+lLe

14: E « E + (Lyestart, L)

15: Lyestart < Lc

16: }
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S < Sc
foreach Lp (LcO0O0OOOO00O0O) {
ifLp,0 000000000 DOOoODOOOOOODOOOOOO
Sooooooooooo ?

4: then

5: S« S+ 5Sp
6: end

7}

0 5.13: 0000000000000 (CO0O)

public final class CacheLRU {
public CacheLRU(int capacity);
public Object getElement(Object key);
public final void addElement(Object key, Object value);
public final Iterator keys();
public final int size();
public final int capacity();
public final boolean isFull();
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CPU Memory | OS
Server | Xeon 2.83GHz 4GB Linux 2.6.26
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0Glue
public class AddressAspect {
QRefine
public static class AddressRefine extends Address {
public static Object field = null;
public AddressRefine(){
super|();
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