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Good Modularity

� Parsing XML in org.apache.tomcat

� red shows the code we are interested in

� all the code is in one module (class) ☺

XML Parsing
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Good Modularity

� URL pattern recognition in org.apache.tomcat

� the code we are interested in is in two classes ☺

URL Pattern Recognition
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Problems

� Tracing in org.apache.tomcat
� red lines

� are not in one module
� are almost everywhere �

Tracing: Non-Modular
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Problems
/*

* ===== ===== ===== ===== ===== ==== ===== ===== ===== ===== ==== ===== ===== =====

*

* The Apache Software License, Versi on 1.1

*

* Copyright (c) 1999 The Apache Software Foundation.  All r ights

* reser ved.

*

* Redistri bution and use in sour ce and binar y for ms, with or without

* modification, ar e per mitted pr ovided that the followi ng conditions

* are met:

*

* 1. Redis tributions of source code must retai n the above copyright

*    notice, this lis t of conditions and the followi ng disclai mer.

*

* 2. Redis tributions in bi nar y for m mus t reproduce the above copyright

*    notice, this lis t of conditions and the followi ng disclai mer in

*    the documentation and/or other materials provided with the

*    distribution.

*

* 3. The end- user documentation included with the redistribution, if

*    any, must incl ude the followi ng acknowlegement:

*       "Thi s product includes software developed by the

*        Apache Software Foundat ion (http://www.apache.org/)."

*    Alternatel y, this acknowlegement may appear in the software

itself,

*    if and wherever such third- party acknowlegements nor mall y appear.

*

* 4. The names " The Jakarta Pr oject", "Tomcat", and "Apache Software

*    Foundation" must not be used to endorse or promote products

déri ve

*    from this software wi thout prior wri tten per mission. For written

*    per mi ssion, please contact apache@apache.org.

*

* 5. Products deri ved from this softwar e may not be called " Apache"

*    nor may "Apache" appear in their names without prior wr itten

*    per mi ssion of the Apache Group.

*

* THIS SOFTWARE IS PROVIDED `` AS IS''  AND ANY EXPRESSED OR IMPLIED

* WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES

* OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE

* DISCLAIMED.  IN NO EVENT SHALL THE APACHE SOFTWARE FOUNDATION OR

* ITS CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL,

* SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT

* LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF

* USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND

* ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY,

* OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT

* OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF

* SUCH DAMAGE.

* ====================================================================

*

* This software consists  of voluntar y contribut ions made by many

* indi viduals on behalf of  the Apache Software Foundation.  For mor e

* infor mation on the Apache Software Foundat ion, please see

* <http://www.apache.org/>.

*

* [Additional notices, if r equired by prior licens ing conditions]

*

*/

package org.apache.tomcat.session;

import org.apache.tomcat.core.* ;

import org.apache.tomcat.util.StringManager;

import java.io.*;

import java.net.*;

import java.util.*;

import javax.ser vlet.*;

import javax.ser vlet.http.*;

/**

* Core i mplementation of an application level session

*

* @author  James Duncan Davi dson [duncan@eng.sun.com]

* @author  Jason Hunter  [jch@eng.sun.com]

* @author  James Todd [gonzo@eng.sun.com]

*/

public class Appli cationSession i mplements H ttpSession {

pri vate StringManager sm =

StringManager.getManager("org.apache.tomcat.session");

pri vate Hashtable values = new Hashtable() ;

pri vate String id;

pri vate Ser ver Session ser ver Session;

pri vate Context context;

pri vate l ong creationTi me = System.currentTi meM illis();;

pri vate l ong thisAccessTi me = creati onTi me;

pri vate l ong lastAccessed = c reationTi me;

pri vate i nt inact i veInter val = - 1;

pri vate boolean valid =  true;

Applicat ionSession(String id, Ser ver Session ser verSession,

Context context) {

this.ser verSession = ser verSessi on;

this.context = context;

this.id = id;

this.inacti veInter val = context.getSessionTi meOut();

if (thi s.inacti veInter val != - 1) {

this .inacti veInter val *= 60;

}

}

Ser verSession getSer verSession() {

return ser ver Session;

}

/**

* Called by context when request comes in so that accesses and

* inacti vities can be dealt with accor dingly.

*/

void accessed( ) {

// set l ast accessed to thisAccessT i me as  it will be left over

// from the pr evious access

lastAccessed = thisAccessTi me;

thisAccessTi me = System.currentTi meMillis();

validate();

}

void vali date() {

// if we have an inact i ve inter val, check to see if we' ve exceeded it

if (inacti veInter val != - 1) {

int thisInter val =

( int)(System.currentTi meMill is() - lastAccessed) /  1000;

if (thisInter val > i nacti veInter val ) {

i nvalidate();

}

}

}

// HTTP SESSION IM PLEMENTATION M ETHOD S

public String getId() {

if ( val id) {

return id;

} else {

Stri ng msg = sm.getStri ng("applicationSession.sessi on.ise") ;

thr ow new IllegalStateException( msg);

}

}

public long getCreationTi me( ) {

if ( val id) {

return creationTi me;

} else {

Stri ng msg = sm.getStri ng("applicationSession.sessi on.ise") ;

thr ow new IllegalStateException( msg);

}

}

/**

*

* @deprecated

*/

public H ttpSessionContext getSessionContext() {

return new SessionContextImpl();

}

public long getLastAccessedT i me() {

if ( val id) {

return lastAccessed;

} else {

Stri ng msg = sm.getStri ng("applicationSession.sessi on.ise") ;

thr ow new IllegalStateException( msg);

}

}

public void invalidate() {

ser verSessi on.removeAppl icationSession(context);

// remove ever ything in the session

Enumeration enum = values.keys( );

while (enum.hasMoreElements())  {

Stri ng name = (String)enum.nextElement();

removeValue(name);

}

valid = false;

}

public boolean i sNew( ) {

if (!  valid) {

Stri ng msg = sm.getStri ng("applicationSession.sessi on.ise") ;

thr ow new IllegalStateException( msg);

}

if (thi sAccessTi me == creationTi me) {

return true;

} else {

return false;

}

}

/**

* @deprecated

*/

public void putValue(String name, Object value) {

setAttribute( name, value);

}

public void setAttribute(String name, Object value) {

if (!  valid) {

Stri ng msg = sm.getStri ng("applicationSession.sessi on.ise") ;

thr ow new IllegalStateException( msg);

}

if (name == null) {

Stri ng msg = sm.getStri ng("applicationSession.value. iae");

thr ow new IllegalArgumentException( msg);

}

removeValue(name);  // remove any exist ing binding

if ( val ue != null && value instanceof HttpSessionBindingListener) {

HttpSessi onBindi ngEvent e =

new HttpSessi onBindi ngEvent(this, name);

((H ttpSessionBindingListener) value).valueBound(e);

}

values.put(name, value);

}

/**

* @deprecated

*/

public Object getValue(String name) {

return getAttribute(name);

}

public Object getAttribute(Stri ng name) {

if (!  valid) {

Stri ng msg = sm.getStri ng("applicationSession.sessi on.ise") ;

thr ow new IllegalStateException( msg);

}

if (name == null) {

Stri ng msg = sm.getStri ng("applicationSession.value. iae");

thr ow new IllegalArgumentException( msg);

}

return values .get(name);

}

/**

* @deprecated

*/

public String[] getValueNames() {

Enumeration e = getAttributeNames();

Vector names = new Vector();

while (e.hasMoreEl ements ()) {

names.addElement(e.nextElement());

}

String[] valueNames = new String[names.size()] ;

names.copyInto( val ueNames);

return valueNames;

}

public Enumer ation getAttributeNames() {

if (!  valid) {

Stri ng msg = sm.getStri ng("applicationSession.sessi on.ise") ;

thr ow new IllegalStateException( msg);

}

Hashtable valuesCl one = ( Hashtable) val ues.clone();

return (Enumeration) valuesClone.keys();

}

/**

* @deprecated

*/

public void removeVal ue(Stri ng name) {

removeAttribute(name);

}

public void removeAttr ibute(String name) {

if (!  valid) {

Stri ng msg = sm.getStri ng("applicationSession.sessi on.ise") ;

thr ow new IllegalStateException( msg);

}

if (name == null) {

Stri ng msg = sm.getStri ng("applicationSession.value. iae");

thr ow new IllegalArgumentException( msg);

}

Objec t o = values.get(name);

if (o i nstanceof HttpSessionBindingListener) {

HttpSessi onBindi ngEvent e =

new HttpSessi onBindi ngEvent(this,name);

((H ttpSessionBindingListener)o).valueUnbound(e);

}

values.remove(name);

}

public void setMaxInacti veInter val(int inter val) {

if (!  valid) {

Stri ng msg = sm.getStri ng("applicationSession.sessi on.ise") ;

thr ow new IllegalStateException( msg);

}

inacti veInter val = inter val;

}

public int getMaxInacti veInter val() {

if (!  valid) {

Stri ng msg = sm.getStri ng("applicationSession.sessi on.ise") ;

thr ow new IllegalStateException( msg);

}

return inacti veInter val;

}

}

//-----------------------------------------------------------------------

ApplicationSession
package org.apache.tomcat.session;

import java.io.IOExcepti on;

import java.io.Obj ectInputStream;

import java.io.Obj ectOutputStream;

import java.io.Ser ializabl e;

import java.util.Enumeration;

import java.util.H ashtabl e;

import java.util.Vector;

import javax.ser vlet.Ser vletException;

import javax.ser vlet.http.HttpSession;

import javax.ser vlet.http.HttpSessionBi ndingEvent;

import javax.ser vlet.http.HttpSessionBi ndingListener;

import javax.ser vlet.http.HttpSessionC ontext;

import org.apache.tomcat.catali na.*;

import org.apache.tomcat.util.StringManager;

/**

* Standar d i mplementati on of the <b>Session</b> interface.  This object is

* serializable, so that it can be s tored i n persis tent storage or transferred

* to a different JVM for distributable session support.

* <p>

* <b>IMPLEMENTATION NOTE</b> :  An instance of this c lass represents both the

* internal (Session) and application level (HttpSession) view of the session.

* However, because the class itself is not decl ared public, Java logic outsi de

* of the <code>org.apache.tomcat.session</code> package cannot cast an

* HttpSession view of thi s instance back to a Session view.

*

* @author  Craig R. McClanahan

* @version $Revision: 1.2 $ $D ate: 2000/05/15 17:54:10 $

*/

final class StandardSess ion

i mplements HttpSessi on, Session {

// - - ----- -------- -------- -------- -------- -------- -------- ---- Constructors

/**

* Construct a new Session associated with the specified Manager.

*

* @par am manager The manager with whi ch this Session is associated

*/

public StandardSession(Manager manager) {

super ();

this.manager = manager;

}

// - - ----- -------- -------- -------- -------- -------- ------ Instance Variables

/**

* The collection of user data attributes associated with this  Sessi on.

*/

pri vate Hashtable attri butes =  new H ashtabl e();

/**

* The ti me this  session was created, in mill iseconds since midnight,

* Januar y 1, 1970 GM T.

*/

pri vate l ong creationTi me = 0L;

/**

* The session i dentifier of thi s Sessi on.

*/

pri vate String id = null;

/**

* Descr ipti ve i nfor mation describing this Session i mplementation.

*/

pri vate static fi nal Stri ng info = "StandardSession/1.0";

/**

* The last accessed ti me for this Session.

*/

pri vate l ong lastAccessedTi me = creationTi me;

/**

* The Manager with which thi s Sess ion is associated.

*/

pri vate Manager manager = null;

/**

* The maxi mum ti me inter val, in seconds, between client requests befor e

* the ser vlet container  may invalidate this session.  A negati ve ti me

* indicates that the session should never ti me out.

*/

pri vate i nt maxInacti veInter val = - 1;

/**

* Flag indicating whether this  session is new or not.

*/

pri vate boolean isNew = true;

/**

* Flag indicating whether this  session is val id or not.

*/

pri vate boolean isValid = false;

/**

* The string manager for this package.

*/

pri vate StringManager sm =

StringManager.getManager("org.apache.tomcat.session");

/**

* The H TTP session context associ ated with this session.

*/

pri vate static H ttpSess ionContext sessionC ontext = null;

/**

* The current accessed ti me for this session.

*/

pri vate l ong thisAccessedTi me = creationTi me;

// - - ----- -------- -------- -------- -------- -------- ------ Session Proper ties

/**

* Set the creati on ti me for thi s sessi on.  Thi s method is called by the

* Manager when an existing Session instance is reused.

*

* @par am ti me The new creation ti me

*/

public void setCreationTi me(l ong ti me) {

this.c reationTi me = ti me;

this.lastAccessedTi me = ti me;

this.thisAccessedTi me = ti me;

}

/**

* Retur n the session i dentifier for thi s sessi on.

*/

public String getId() {

return (this.i d);

}

/**

* Set the sessi on ident ifier for  this session.

*

* @par am id The new session identi fier

*/

public void setId(String id) {

if ((thi s.id != null) && ( manager != null) &&

( manager instanceof ManagerBase))

(( ManagerBase) manager).remove(thi s);

this.id = id;

if (( manager != null) && ( manager instanceof ManagerBase))

(( ManagerBase) manager).add( this);

}

/**

* Retur n descr ipti ve i nfor mation about this Session i mplementati on and

* the corresponding version number, in the for mat

* <code>&lt;descripti on&gt;/&lt;versi on&gt;</code>.

*/

public String getInfo() {

return (this.i nfo);

}

/**

* Retur n the last ti me the client sent a request associated with thi s

* sessi on, as the number of milliseconds si nce mi dnight, Januar y 1, 1970

* GMT.  Actions that your application takes, such as getting or setting

* a value associated with the session, do not affect the access ti me.

*/

public long getLastAccessedT i me() {

return (this.l astAccessedTi me);

}

/**

* Retur n the M anager within which this Session is valid.

*/

public Manager getManager() {

return (this.manager);

}

/**

* Set the Manager within whi ch this Session is vali d.

*

* @par am manager The new Manager

*/

public void setManager(Manager manager) {

this.manager = manager;

}

/**

* Retur n the maxi mum ti me i nter val , in seconds, between client r equests

* before the ser vlet container will invalidate the session. A negati ve

* ti me i ndicates that the sessi on should never ti me out.

*

* @exception I llegalStateException i f this method i s called on

*  an invalidated sessi on

*/

public int getMaxInacti veInter val() {

return (this.maxInac ti veInter val);

}

/**

* Set the maxi mum ti me inter val, in seconds, between cli ent requests

* before the ser vlet container will invalidate the session. A negati ve

* ti me i ndicates that the sessi on should never ti me out.

*

* @par am inter val The new maxi mum inter val

*/

public void setMaxInacti veInter val(int inter val) {

this.maxInac ti veInter val = i nter val;

}

/**

* Retur n the < code>H ttpSession</code> for which this object

* is the facade.

*/

public H ttpSession getSession() {

return ((HttpSession) this);

}

// - - ----- -------- -------- -------- -------- -------- -- Session Public Methods

/**

* Update the accessed ti me i nfor mation for this session.  This method

* shoul d be cal led by the context when a request comes in for a particular

* sessi on, even if the applicat ion does not reference it.

*/

public void access() {

this.lastAccessedTi me = this.thisAccessedTi me;

this.thisAccessedTi me = System.currentTi meM illis();

this.isNew=false;

}

/**

* Perfor m the i nternal processing required to invali date thi s sessi on,

* without triggering an except ion if the sessi on has already expired.

*/

public void expi re() {

// Remove this sess ion from our manager's acti ve sessi ons

if (( manager != null) && ( manager instanceof ManagerBase))

(( ManagerBase) manager).remove(thi s);

// Unbind any objects assoc iated with this session

Vector results = new Vector();

Enumeration attrs =  getAttributeN ames();

while (attrs.hasMor eElements()) {

Stri ng attr = (Stri ng) attrs.nextEl ement( );

results.addElement(attr);

}

Enumeration names = results.elements() ;

while (names.hasM oreElements() ) {

Stri ng name = (String) names.nextElement();

removeAttribute( name);

}

// Mar k this session as invalid

setValid(false);

}

/**

* Release all object references, and initialize instance vari ables, i n

* preparation for reuse of this  object.

*/

public void recycle() {

// Reset the i nstance variables associated with this Sess ion

attributes.clear();

creati onTi me = 0L;

id = null;

lastAccessedTi me = 0L;

manager = null;

maxInacti veInter val = - 1;

isNew = true;

isVali d = false;

// Tell  our M anager that this  Sessi on has been recycled

if (( manager != null) && ( manager instanceof ManagerBase))

(( ManagerBase) manager).recycle(thi s);

}

// - - ----- -------- -------- -------- -------- -------- - Session Package Methods

/**

* Retur n the < code>isValid</code> flag for this session.

*/

boolean isValid() {

return (this.i sValid);

}

/**

* Set the <code>isNew</code> flag for this  session.

*

* @par am isN ew The new value for  the <code>isNew</code> fl ag

*/

void setNew(boolean i sNew) {

this.isNew =  isNew;

}

/**

* Set the <code>isVal id</code> flag for this  session.

*

* @par am isValid The new value for  the <code>isValid</code> f lag

*/

void setValid(boolean i sValid)  {

this.isValid =  isVali d;

}

// - - ----- -------- -------- -------- -------- -------- -- HttpSession Properties

/**

* Retur n the ti me when this session was cr eated, i n milliseconds  since

* midnight, Januar y 1, 1970 GMT.

*

* @exception I llegalStateException i f this method i s called on an

*  invali dated session

*/

public long getCreationTi me( ) {

return (this.c reationTi me);

}

/**

* Retur n the session context with which this  session is associated.

*

* @deprecated As of Version 2.1, thi s method is deprecated and has no

*  replacement.  It will  be removed i n a futur e versi on of the

*  Java Ser vlet  API.

*/

public H ttpSessionContext getSessionContext() {

if (sessionC ontext = = null)

sessionContext =  new StandardSessionContext();

return (sessi onContext);

}

// - - ----- -------- -------- -------- -------- ------- HttpSession Public M ethods

/**

* Retur n the object bound with the specified name i n this session, or

* <code>null</code> if no object is bound with that name.

*

* @par am name Name of the attribute to be returned

*

* @exception I llegalStateException i f this method i s called on an

*  invali dated session

*/

public Object getAttribute(Stri ng name) {

return (attributes.get(name));

}

/**

* Retur n an <code>Enumeration</code> of <code>String</code> objec ts

* contai ning the names of the objects  bound to this session.

*

* @exception I llegalStateException i f this method i s called on an

*  invali dated session

*/

public Enumer ation getAttributeNames() {

return (attributes.keys());

}

/**

* Retur n the object bound with the specified name i n this session, or

* <code>null</code> if no object is bound with that name.

*

* @par am name Name of the value to be returned

*

* @exception I llegalStateException i f this method i s called on an

*  invali dated session

*

* @deprecated As of Version 2.2, thi s method is replaced by

*  <code>getAttribute( )</code>

*/

public Object getValue(String name) {

return (getAttribute( name)) ;

}

/**

* Retur n the set of names of objects bound to this session. If ther e

* are no such objects, a zero- length array is  returned.

*

* @exception I llegalStateException i f this method i s called on an

*  invali dated session

*

* @deprecated As of Version 2.2, thi s method is replaced by

*  <code>getAttributeNames()</code>

*/

public String[] getValueNames() {

Vector results = new Vector();

Enumeration attrs =  getAttributeN ames();

while (attrs.hasMor eElements()) {

Stri ng attr = (Stri ng) attrs.nextEl ement( );

results.addElement(attr);

}

String names[] = new String[results.size( )];

for (int i = 0; i < names.length; i++ )

names[i] =  (String) resul ts.elementAt(i );

return (names);

}

/**

* Invali dates this sess ion and unbinds any objects bound to it.

*

* @exception I llegalStateException i f this method i s called on

*  an invalidated sessi on

*/

public void invalidate()  {

// Cause this session to expire

expir e();

}

/**

* Retur n <code>true< /code>  if the c lient does not yet know about the

* sessi on, or if the client chooses not to join the session.  For

* example, if the ser ver used onl y cookie- based sessions, and the client

* has di sabled the use of cookies, then a session would be new on each

* request.

*

* @exception I llegalStateException i f this method i s called on an

*  invali dated session

*/

public boolean i sNew( ) {

return (this.i sNew);

}

/**

* Bind an objec t to this  session, using the specified name. If an object

* of the same name is  already bound to this session, the object is

* replaced.

* <p>

* After this method executes, and if the object i mpl ements

* <code>HttpSessionBindingListener</code>, the container calls

* <code> valueBound( )</code> on the objec t.

*

* @par am name Name to which the object is bound, cannot be null

* @par am val ue Object to be bound, cannot be null

*

* @exception I llegalStateException i f this method i s called on an

*  invali dated session

*

* @deprecated As of Version 2.2, thi s method is replaced by

*  <code>setAttribute( )</code>

*/

public void putValue(String name, Object value) {

setAttribute( name, value);

}

/**

* Remove the object bound with the specified name from this session.  If

* the session does not have an objec t bound with this name, this method

* does nothing.

* <p>

* After this method executes, and if the object i mpl ements

* <code>HttpSessionBindingListener</code>, the container calls

* <code> valueUnbound()</code> on the object.

*

* @par am name Name of the object to remove from this session.

*

* @exception I llegalStateException i f this method i s called on an

*  invali dated session

*/

public void removeAttr ibute(String name) {

synchronized (attributes) {

Obj ect obj ect = attributes .get(name);

if ( object = = null)

r eturn;

attr ibutes.r emove(name) ;

//      System.out.println( "Removing attribute " + name );

if ( object i nstanceof HttpSessionBindingListener) {

( (HttpSessionBindingListener ) object).valueUnbound

(new HttpSessionBi ndingEvent((H ttpSession) thi s, name));

}

}

}

/**

* Remove the object bound with the specified name from this session.  If

* the session does not have an objec t bound with this name, this method

* does nothing.

* <p>

* After this method executes, and if the object i mpl ements

* <code>HttpSessionBindingListener</code>, the container calls

* <code> valueUnbound()</code> on the object.

*

* @par am name Name of the object to remove from this session.

*

* @exception I llegalStateException i f this method i s called on an

*  invali dated session

*

* @deprecated As of Version 2.2, thi s method is replaced by

*  <code>removeAttri bute()< /code>

*/

public void removeVal ue(Stri ng name) {

removeAttribute(name);

}

/**

* Bind an objec t to this  session, using the specified name. If an object

* of the same name is  already bound to this session, the object is

* replaced.

* <p>

* After this method executes, and if the object i mpl ements

* <code>HttpSessionBindingListener</code>, the container calls

* <code> valueBound( )</code> on the objec t.

*

* @par am name Name to which the object is bound, cannot be null

* @par am val ue Object to be bound, cannot be null

*

* @exception I llegalArgumentException if an attempt is made to add a

*  non- serializable object in an envir onment mar ked distri butable.

* @exception I llegalStateException i f this method i s called on an

*  invali dated session

*/

public void setAttribute(String name, Object value) {

if (( manager != null) && manager.getDistributabl e() &&

!(val ue instanceof Serializable))

thr ow new IllegalArgumentException

( sm.getString("standardSessi on.setAttribute.iae"));

synchronized (attributes) {

removeAttribute( name);

attr ibutes.put(name, value);

if ( value instanceof HttpSessionBindingListener)

( (HttpSessionBindingListener ) value).valueBound

(new HttpSessionBi ndingEvent((H ttpSession) thi s, name));

}

}

// - - ----- -------- -------- -------- -------- ----- HttpSession Pri vate Methods

/**

* Read a serial ized version of this session object fr om the specifi ed

* object input s tream.

* <p>

* <b>IMPLEM ENTATION N OTE</b>:  The reference to the owning Manager

* is not restored by thi s method, and must be set explicitl y.

*

* @par am stream The input stream to read from

*

* @exception ClassN otFoundException if an unknown class is specified

* @exception IOException if an input/output error occurs

*/

pri vate void readObjec t(ObjectInputStream stream)

throws ClassNotFoundException, IOException {

// Deserialize the scalar ins tance variables (except Manager)

creati onTi me = ((Long) stream.readObject()).longValue();

id = ( String) stream.readObject();

lastAccessedTi me = ((Long) stream.readObject()).longValue() ;

maxInacti veInter val = ((Integer) stream.r eadObj ect()).i ntValue();

isNew = ((Boolean)  stream.readObject() ).booleanValue();

isVali d = ((Boolean)  stream.readObject() ).booleanValue();

// Deserialize the attribute count and attribute val ues

int n = ((Integer) str eam.readObject()).intValue() ;

for (int i = 0; i < n; i ++) {

Stri ng name = (String) stream.r eadObj ect();

Obj ect val ue = (Object) stream.readObject();

attr ibutes.put(name, value);

}

}

/**

* Write a serialized version of this session object to the specified

* object output stream.

* <p>

* <b>IMPLEM ENTATION N OTE</b>:  The owning Manager wil l not be stored

* in the serialized repr esentat ion of this Session.  After cal ling

* <code>readObject() </code>, you must set the associated Manager

* explic itl y.

* <p>

* <b>IMPLEM ENTATION N OTE</b>:  Any attribute that is not Serializable

* will be silentl y ignored.  If you do not want any such attri butes,

* be sur e the < code>distributable</code> property of our associated

* Manager is set to <code>tr ue</code>.

*

* @par am stream The output stream to wri te to

*

* @exception IOException if an input/output error occurs

*/

pri vate void wri teObject(ObjectOutputStream stream) throws IOExcepti on {

// Wri te the scalar instance variabl es (except Manager)

stream.writeObject( new Long(creationTi me));

stream.writeObject( id);

stream.writeObject( new Long(lastAccessedTi me));

stream.writeObject( new Integer( maxInac ti veInter val));

stream.writeObject( new Boolean(i sNew) );

stream.writeObject( new Boolean(i sValid) );

// Accumulate the names of seriali zable attributes

Vector results = new Vector();

Enumeration attrs =  getAttributeN ames();

while (attrs.hasMor eElements()) {

Stri ng attr = (Stri ng) attrs.nextEl ement( );

Obj ect val ue = attributes.get(attr );

if ( value instanceof Serializable)

r esults.addElement(attr);

}

// Seri alize the attribute count and the  attri bute values

stream.writeObject( new Integer(results.s ize()));

Enumeration names = results.elements() ;

while (names.hasM oreElements() ) {

Stri ng name = (String) names.nextElement();

str eam.wr iteObject(name);

str eam.wr iteObject(attri butes.get(name));

}

}

crosscut invali date(StandardSession s): s & (int getMaxInacti veInter val()  |  

long getCreationTi me() |

Object getAttribute(String) |  

Enumerat ion getAttributeNames() |

Str ing[] getValueNames() |

voi d invali date() |

boolean isNew() |

voi d removeAttri bute(String) |

voi d setAttribute( String, Object) );

static advice(StandardSession s): invalidate(s) {

befor e {

if (!s.isVali d())

throw new IllegalStateExcepti on

(s.sm.getString("standardSession." 

+ thisJoinPoint.methodN ame

+ ". ise"));

}

}

}

// - - - ------- -------- -------- -------- -------- -------- -------- ---- Private Cl ass

/**

* This class is a dummy i mplementati on of the <code>HttpSessionContext</code>

* interface, to confor m to the requirement that such an object be returned

* when <code>H ttpSess ion.getSessionContext()</code> is called.

*

* @author  Craig R. McClanahan

*

* @deprecated As of Java Ser vlet API 2.1 with no replacement.  The

*  interface will be removed in a future version of this API.

*/

final class StandardSess ionContext i mplements HttpSessionContext {

pri vate Vector dummy = new Vector ();

/**

* Retur n the session i dentifiers of all  sessions defi ned

* within this context.

*

* @deprecated As of Java Ser vlet API 2.1 with no r eplacement.

*  This method must r eturn an empty <code>Enumeration</code>

*  and will be r emoved in a future version of the API.

*/

public Enumer ation getIds() {

return (dummy.elements() );

}

/**

* Retur n the < code>H ttpSession</code> associated with the

* specif ied session identifier.

*

* @par am id Session identifi er for which to look up a sess ion

*

* @deprecated As of Java Ser vlet API 2.1 with no r eplacement.

*  This method must r eturn null and will be removed in a

*  future version of the API.

*/

public H ttpSession getSession(String id) {

return (null);

}

}

StandardSession

package org.apache.tomcat.session;

import java.io.IOExcepti on;

import java.util.Enumeration;

import java.util.H ashtabl e;

import java.util.Vector;

import org.apache.tomcat.catali na.*;

import javax.ser vlet.http.Cookie;

import javax.ser vlet.http.HttpSession;

import org.apache.tomcat.util.StringManager;

import org.w3c.dom.NamedNodeMap;

import org.w3c.dom.Node;

/**

* Standar d i mplementati on of the <b> Manager</b> i nterface that pr ovides

* no sessi on pers istence or distributabl e capabilities, but does support

* an optional, configurable, maxi mum number  of acti ve sess ions all owed.

* <p>

* Lifecycl e configuration of this component assumes an XML node

* in the fol lowing for mat:

* <code>

*     &lt;M anager classN ame=" org.apache.tomcat.session.StandardManager"

*              checkInter val= "60" maxActi veSessi ons="- 1"

*              maxInacti veInter val="- 1" />

* </code>

* where you can adjust the following parameters, with defaul t values

* in square brackets:

* <ul>

* <li><b> checkInter val </b> - The inter val (in seconds) between background

*     thread checks for expired sessions .  [60]

* <li><b> maxActi veSessions< /b> - The maxi mum number  of sessions al lowed to

*     be act i ve at once, or - 1 for no limit.   [- 1]

* <li><b> maxInacti veInter val</b> - The default maxi mum number of seconds of

*     inacti vity before whi ch the ser vlet container is all owed to ti me out

*     a session, or - 1 for no limit.   This value should be overri dden fr om

*     the default session ti meout specified in the web applicati on depl oyment

*     descri ptor, if any.  [- 1]

* </ul>

*

* @author  Craig R. McClanahan

* @version $Revision: 1.1.1.1 $ $Date: 2000/05/02 21:28:30 $

*/

public final  class Standar dManager

extends ManagerBase

i mplements Lifecycle, Runnable {

// - - ----- -------- -------- -------- -------- -------- ------ Instance Variables

/**

* The inter val ( in seconds) between checks  for expired sessions.

*/

pri vate i nt checkInter val = 60;

/**

* Has this component been configured yet?

*/

pri vate boolean configured = false;

/**

* The descripti ve infor mation about this i mplementation.

*/

pri vate static fi nal Stri ng info = "StandardManager/1.0";

/**

* The maxi mum number of acti ve Sessions  allowed, or - 1 for no limit.

*/

protected int maxActi veSessi ons = - 1;

/**

* The string manager for this package.

*/

pri vate StringManager sm =

StringManager.getManager("org.apache.tomcat.session");

/**

* Has this component been started yet?

*/

pri vate boolean started = false;

/**

* The background thread.

*/

pri vate Thread thread = null;

/**

* The background thread completion semaphore.

*/

pri vate boolean threadDone =  false;

/**

* Name to register for  the background thread.

*/

pri vate String threadN ame = "StandardManager";

// - - ----- -------- -------- -------- -------- -------- -------- ------ Properties

/**

* Retur n the check inter val (i n seconds) for this M anager.

*/

public int getCheckInter val() {

return (this.checkInter val);

}

/**

* Set the check inter val (in seconds)  for this  Manager.

*

* @par am checkInter val The new check inter val

*/

public void setCheckInter val(i nt checkInter val) {

this.checkInter val = checkInter val;

}

/**

* Retur n descr ipti ve i nfor mation about this Manager i mplementat ion and

* the corresponding version number, in the for mat

* <code>&lt;descripti on&gt;/&lt;versi on&gt;</code>.

*/

public String getInfo() {

return (this.i nfo);

}

/**

* Retur n the maxi mum number of acti ve Sessions allowed, or - 1 for

* no li mit.

*/

public int getMaxActi veSessi ons() {

return (this.maxActi veSess ions);

}

/**

* Set the maxi mum number of acti ves Sess ions all owed, or - 1 for

* no li mit.

*

* @par am max The new maxi mum number of sessions

*/

public void setMaxActi veSessions(int max) {

this.maxActi veSess ions = max;

}

// - - ----- -------- -------- -------- -------- -------- -------- -- Public Methods

/**

* Construct and return a new session object, based on the default

* settings spec ified by this M anager's properties.  The session

* id will  be ass igned by this method, and available via the getId()

* method of the returned sess ion.  If a new session cannot be created

* for any reason, retur n <code>null< /code> .

*

* @exception I llegalStateException i f a new session cannot be

*  instantiated for any reason

*/

public Session createSession() {

if (( maxActi veSessi ons >=  0) &&

(sessions.s ize() > = maxActi veSessions))

thr ow new IllegalStateException

( sm.getString("standardManager.createSession.ise"));

return (super .createSession());

}

// - - ----- -------- -------- -------- -------- -------- ------- Lifecycle Methods

/**

* Configure thi s component, based on the specified configuration

* parameters.  This method should be called i mmediatel y after the

* component instance is created, and before <code>start( )</code>

* is call ed.

*

* @par am par ameter s Configuration parameters for this component

*  (<B> FIXME: What object type should thi s reall y be?)

*

* @exception I llegalStateException i f this component has already been

*  configured and/or started

* @exception Lifecycl eException if this component detects a fatal  error

*  in the configuration parameters it was given

*/

public void conf igure(Node parameters)

throws LifecycleException {

// Vali date and update our current component state

if (configured)

thr ow new LifecycleException

( sm.getString("standardManager.alr eadyConfigured"));

configured = true;

if (par ameter s == null)

return;

// Par se and process our configuration par ameter s

if (! ("Manager".equals(parameters .getNodeName())))

return;

NamedNodeMap attributes  = parameters .getAttributes( );

Node node =  null;

node = attributes.getNamedItem(" checkInter val" );

if (node != null) {

tr y {

setCheckInter val(Integer.parseInt(node.getNodeVal ue()));

} catch (Throwabl e t) {

;       // XXX - Throw exception?

}

}

node = attributes.getNamedItem(" maxAct i veSessions") ;

if (node != null) {

tr y {

setMaxActi veSessions(Integer.parseInt(node.getNodeValue()));

} catch (Throwabl e t) {

;       // XXX - Throw exception?

}

}

node = attributes.getNamedItem(" maxInacti veInter val");

if (node != null) {

tr y {

setMaxInacti veInter val (Integer.parseInt(node.getNodeValue()));

} catch (Throwabl e t) {

;       // XXX - Throw exception?

}

}

}

/**

* Prepare for the beginning of acti ve use of the publ ic methods of this

* component.  This method should be called after < code> configure()</code>,

* and before any of the public methods of the component are utilized.

*

* @exception I llegalStateException i f this component has not yet been

*  configured (i f required for this component)

* @exception I llegalStateException i f this component has already been

*  started

* @exception Lifecycl eException if this component detects a fatal  error

*  that prevents  this component from being used

*/

public void star t() throws LifecycleException {

// Vali date and update our current component state

if (!configured)

thr ow new LifecycleException

( sm.getString("standardManager.notConfigured"));

if (started)

thr ow new LifecycleException

( sm.getString("standardManager.alr eadyStarted")) ;

started = true;

// Star t the background reaper thread

threadStart() ;

}

/**

* Gracefull y ter minate the act i ve use of the public methods of this

* component.  This method should be the last one called on a given

* instance of this component.

*

* @exception I llegalStateException i f this component has not been started

* @exception I llegalStateException i f this component has already

*  been stopped

* @exception Lifecycl eException if this component detects a fatal  error

*  that needs to be reported

*/

public void stop() throws LifecycleException {

// Vali date and update our current component state

if (!started)

thr ow new LifecycleException

( sm.getString("standardManager.notStarted"));

started = false;

// Stop the background reaper thread

threadStop();

// Expire all acti ve sessions

Sessi on sessions[] = findSessions();

for (int i = 0; i < sessions.length; i++) {

StandardSession session = (StandardSession) sessi ons[i];

if (!session.isVali d())

continue;

session.expire();

}

}

// - - ----- -------- -------- -------- -------- -------- -------- - Private Methods

/**

* Invali date all sessions that have expired.

*/

pri vate void processExpires()  {

long ti meNow = System.currentTi meMill is();

Sessi on sessions[] = findSessions();

for (int i = 0; i < sessions.length; i++) {

StandardSession session = (StandardSession) sessi ons[i];

if (!session.isVali d())

continue;

int maxInacti veInter val =  session.getMaxInacti veInter val();

if ( maxInacti veInter val < 0)

continue;

int t i meIdl e = // Tr uncate, do not round up

( int) ((ti meNow - session.getLastAccessedTi me())  / 1000L);

if (t i meIdle >= maxInacti veInter val)

session.expire( );

}

}

/**

* Sleep for the duration specif ied by the <code>checkInter val</code>

* property.

*/

pri vate void thr eadSleep() {

tr y {

Thr ead.sleep(checkInter val * 1000L);

} catch (Inter ruptedExcepti on e) {

;

}

}

/**

* Start the background thread that wi ll periodicall y check for

* sessi on ti meouts.

*/

pri vate void thr eadStar t() {

if (thr ead != null)

return;

threadDone = false;

thread = new Thread(this, threadN ame);

thread.setDaemon(true);

thread.start() ;

}

/**

* Stop the background thread that is periodi call y checking for

* sessi on ti meouts.

*/

pri vate void thr eadStop() {

if (thr ead == null)

return;

threadDone = true;

thread.interr upt();

tr y {

thr ead.join();

} catch (Inter ruptedExcepti on e) {

;

}

thread = null;

}

// - - ----- -------- -------- -------- -------- -------- ------- Background Thread

/**

* The background thread that checks  for session ti meouts and shutdown.

*/

public void run( ) {

// Loop until the ter mination semaphore is set

while (! threadDone)  {

thr eadSleep();

processExpires() ;

}

}

}

StandardManager StandardSessionManager
package org.apache.tomcat.session;

import java.io.IOExcepti on;

import javax.ser vlet.http.Cookie;

import javax.ser vlet.http.HttpSession;

import org.apache.tomcat.catali na.*;

import org.apache.tomcat.core.Context;

import org.apache.tomcat.core.Request;

import org.apache.tomcat.core.Response;

import org.apache.tomcat.core.SessionManager;

import org.apache.tomcat.util.SessionUtil;

/**

* Speciali zed i mplementation of org.apache.tomcat.core.SessionM anager

* that adapts to the new component- based Manager implementation.

* <p>

* XXX - At present, use of <code>StandardManager</code>  is hard coded,

* and lifecycle configuration is not supported.

* <p>

* <b>IMPLEMENTATION NOTE</b> :  Once we commit to the new Manager/Session

* paradig m, I would suggest moving the logic i mplemented here back into

* the core level.  The Tomcat.N ext "M anager" interface acts more li ke a

* collection class , and has mini mal knowledge of the detailed request

* processi ng semantics of handling sessions.

* <p>

* XXX - At present, there is no way ( vi a the SessionManager interface) for

* a Context to tell  the Manager that we create what the defaul t sessi on

* ti meout for this web application (spec ified in the deployment descr iptor)

* should be.

*

* @author  Craig R. McClanahan

*/

public final  class Standar dSessi onManager

i mplements SessionM anager {

// - - ----- -------- -------- -------- -------- -------- -------- ---- Constructors

/**

* Create a new Sessi onManager that adapts to the corresponding Manager

* i mplementati on.

*/

public StandardSessionManager() {

manager = new StandardM anager();

if ( manager instanceof Lifecycle) {

tr y {

( (Lifecycle) manager).configure(null );

( (Lifecycle) manager).start();

} catch (LifecycleExcepti on e) {

throw new IllegalStateExcepti on("" +  e);

}

}

}

// - - ----- -------- -------- -------- -------- -------- ------ Instance Variables

/**

* The Manager i mplementati on we are actuall y usi ng.

*/

pri vate Manager manager = null;

// - - - ------- -------- -------- -------- -------- -------- ------- Public Methods

/**

* Mar k the specified session' s last accessed ti me.  This should be

* called for each request by a RequestInterceptor.

*

* @par am session The sessi on to be mar ked

*/

public void accessed( Context ctx, R equest req, String id) {

HttpSession session=findSession( ctx, id) ;

if( session = = null) return;

if (session instanceof Sessi on)

((Session)  session).access();

// cache the HttpSession - avoid another fi nd

req.setSessi on( session );

}

// XXX should we throw exception or just return null  ??

public H ttpSession findSession( Context ctx, String id ) {

tr y {

Session session = manager.findSession(id);

if(session!=null)

r eturn session.getSession();

} catch (IOException e) {

}

return (null);

}

public H ttpSession createSession(C ontext c tx) {

return  manager.createSession().getSess ion();

}

/**

* Remove all sessions because our associ ated Context is  being shut down.

*

* @par am ctx The context that is bei ng shut down

*/

public void removeSessions( Context ctx) {

// XXX XXX a manager may be shared by multipl e

// contexts, we just want to remove the sessions of ctx!

// The manager will still run after that ( i.e.  keep database

// connection open

if ( manager instanceof Lifecycle) {

tr y {

( (Lifecycle) manager).stop();

} catch (LifecycleExcepti on e) {

throw new IllegalStateExcepti on("" +  e);

}

}

}

/**

* Used by context to configure the session manager's inac ti vity ti meout.

*

* The SessionManager may have some default session ti me out, the

* Context on the other hand has it's ti meout set by the depl oyment

* descri ptor ( web.xml ). This method lets the Context conforgure the

* sessi on manager according to this value.

*

* @par am minutes The sess ion inacti vity ti meout i n minutes.

*/

public void setSessionTi meOut(int minutes)  {

if(- 1 != minutes) {

// The manager wor ks wi th seconds...

manager.setMaxInacti veInter val ( minutes * 60) ;

}

}

}

ServerSessionManager

package org.apache.tomcat.session;

import org.apache.tomcat.util.*;

import org.apache.tomcat.core.* ;

import java.io.*;

import java.net.*;

import java.util.*;

import javax.ser vlet.http.*;

/**

*

* @author  James Duncan Davi dson [duncan@eng.sun.com]

* @author  Jason Hunter  [jch@eng.sun.com]

* @author  James Todd [gonzo@eng.sun.com]

*/

public class Ser verSessi onManager i mplements SessionManager {

pri vate StringManager sm =

StringManager.getManager("org.apache.tomcat.session");

pri vate static Ser verSessionManager manager; // =  new Ser verSessionManager();

protected int inacti veInter val = - 1;

static {

manager = new Ser verSessionManager();

}

public static Ser verSessionM anager getManager() {

return manager;

}

pri vate Hashtable sessions = new H ashtabl e();

pri vate Reaper reaper;

pri vate Ser ver SessionManager() {

reaper = Reaper.getReaper();

reaper.setSer verSessionM anager(this);

reaper.start( );

}

public void accessed( Context ctx, R equest req, String id ) {

Appli cationSession apS=(Applicati onSession)findSessi on( ctx, id);

if( apS==null ) retur n;

Ser verSessi on ser vS=apS.getSer verSession();

ser vS.accessed();

apS.accessed();

// cache it - no need to compute it again

req.setSessi on( apS );

}

public H ttpSession createSession(C ontext c tx) {

String sessionId = SessionIdGenerator.generateId();

Ser verSessi on sess ion = new Ser verSession(sessionId);

sessi ons.put(sessionId, session);

if(- 1 != inactiveInter val) {

sessi on.setMaxInac ti veInter val(inacti veInter val);

}

return session.getApplicati onSessi on( ctx, true );

}

public H ttpSession findSession(Context ctx,  String id) {

Ser verSessi on sSession=( Ser ver Session)sessi ons.get(id);

if(sSession= =null) r eturn null;

return sSess ion.getApplicat ionSession(ctx, false);

}

// XXX

// sync'd for safty - - no other thread should be getting something

// from this whil e we are reapi ng. This isn't the mos t opti mal

// solution for this, but we'll deter mine something else later .

synchronized void reap() {

Enumeration enum = sessi ons.keys();

while (enum.hasMoreElements())  {

Obj ect key = enum.nextElement();

Ser verSession session = (Ser verSessi on)sessions.get( key) ;

session.reap();

session.validate() ;

}

}

synchronized void removeSession(Ser verSession session) {

String id = session.getId();

sessi on.inval idate();

sessi ons.remove(id);

}

public void removeSessions( Context context) {

Enumeration enum = sessi ons.keys();

while (enum.hasMoreElements())  {

Obj ect key = enum.nextElement();

Ser verSession session = (Ser verSessi on)sessions.get( key) ;

ApplicationSession appSession =

session.getApplicationSession(context, false);

if ( appSession != null) {

appSession.invalidate( );

}

}

}

/**

* Used by context to configure the session manager's inac ti vity ti meout.

*

* The SessionManager may have some default session ti me out, the

* Context on the other hand has it's ti meout set by the depl oyment

* descri ptor ( web.xml ). This method lets the Context conforgure the

* sessi on manager according to this value.

*

* @par am minutes The sess ion inacti vity ti meout i n minutes.

*/

public void setSessionTi meOut(int minutes)  {

if(- 1 != minutes) {

// The manager wor ks wi th seconds...

inacti veInter val = ( minutes * 60) ;

}

}

}

SessionInterceptor
package org.apache.tomcat.request;

import org.apache.tomcat.core.* ;

import org.apache.tomcat.util.*;

import java.io.*;

import java.net.*;

import java.util.*;

import javax.ser vlet.http.*;

/**

* Will process the request and deter mi ne the session Id, and set it

* in the R equest.

* It also mar ks the sessi on as accessed.

*

* This i mplementation onl y handles Cookies sessions, please extend or

* add new interceptors for other  methods.

*

*/

public class Sess ionInter ceptor extends  BaseInterceptor i mplements RequestInterceptor {

// GS, separates the session i d from the j vm route

static final char  SESSIONID_ROUTE_SEP = '.';

int debug=0;

ContextManager cm;

public SessionInterceptor() {

}

public void setDebug( int i ) {

System.out.println(" Set debug to " + i);

debug=i;

}

public void setContextManager( ContextManager cm ) {

this.cm=cm;

}

public int requestMap( Request request ) {

String sessionId = null;

Cooki e cooki es[]=request.getCookies(); //  assert  !=null

for( int i=0; i <cookies.length; i++ )  {

Cookie cookie = cookies [i];

if ( cookie.getName().equals("JSESSIONID"))  {

sessionId = cookie.getValue() ;

sessionId= vali dateSessionId( request, sessi onId);

if  (sessi onId!=null){

request.setR equestedSessi onIdFr omCookie(true);

}

}

}

String sig=";jsessionid=";

int foundAt=- 1;

if( debug>0 ) cm.log(" XXX RURI=" + request.getRequestURI( ));

if ((foundAt= request.getRequestURI().indexOf(sig))!=- 1){

sessionId=request.getRequestURI().substring(foundAt+sig.length());

// r ewrite URL, do I need to do anything more?

request.setRequestURI( request.getRequestURI().substring(0, foundAt));

sessionId= validateSessi onId(request, sessionId);

if ( sessionId!=null){

r equest.setRequestedSessionIdFromURL(true);

}

}

return 0;

}

// XXX what is the corr ect behavior if the session is invalid ?

// We may still set it and just r eturn session invalid.

/** Validate and fi x the session id. If the sess ion is not valid return null.

*  It will  also cl ean up the session from load- balancing strings.

* @return sessionId, or null if  not val id

*/

pri vate String validateSessionId(Request request, String sessionId){

// GS, We piggyback the JVM id on top of the session cookie

// Separate them ...

if( debug>0 ) cm.log(" Orig sessionId  " +  sessionId );

if (nul l != sessionId)  {

int i dex = sessionId.lastIndexOf( SESSIONID_ROUTE_SEP) ;

if(i dex > 0) {

sessionId = sessionId.substri ng(0, idex);

}

}

if (sessionId != null && sessionId.l ength()!=0) {

// GS, We are in a problem here, we may actuall y get

// multiple Session cooki es (one for the root

// context and one for the real context... or old session

// cookie. We must check for val idity in the cur rent context.

Context ctx=request.getContext();

SessionM anager sM = c tx.getSessionManager();    

if(null != sM.findSession(ctx, sessionId)) {

sM.accessed(c tx, request, sessionId );

r equest.setRequestedSessionId(sessionId);

if ( debug>0 ) cm.log(" Final session id " + sessionId );

r eturn sessionId;

}

}

return null;

}

public int befor eBody( Request rrequest, Response response ) {

String reqSessionId = response.getSessi onId();

if( debug>0 ) cm.log("Befor e Body " + reqSessionId );

if( reqSessionId==null)

return 0;

// GS, set the path attribute to the cookie. This way

// mul tiple session cookies can be used, one for each

// context.

String sessionPath = rrequest.getContext().getPath();

if(sessionPath.length() == 0) {

sessionPath = "/";

}

// GS, piggyback the j vm route on the session id.

if(!sessionPath.equals("/"))  {

Stri ng jvmRoute = rrequest.getJvmRoute();

if(null != jvmRoute) {

r eqSessionId =  reqSessionId + SESSIONID _ROU TE_SEP + j vmRoute;

}

}

Cooki e cooki e = new Cookie("JSESSIONID",

reqSessionId);

cooki e.setM axAge(- 1);

cooki e.setPath(sess ionPath);

cooki e.setVersion(1);

response.addHeader( CookieTool s.getCookieHeaderN ame(cookie),

CookieTools.getCooki eHeaderValue(cookie));

cooki e.setVersion(0);

response.addHeader( CookieTool s.getCookieHeaderN ame(cookie),

CookieTools.getCooki eHeaderValue(cookie));

return 0;

}

/** Notifi cation of context shutdown

*/

public void contextShutdown( Context ctx )

throws TomcatException

{

if( ctx.getDebug() > 0 ) ctx. log("Removing sessi ons from " + ctx );

ctx.getSessi onManager().r emoveSessions(ctx);

}

}

ServerSession

package org.apache.tomcat.session;

import org.apache.tomcat.core.* ;

import org.apache.tomcat.util.StringManager;

import java.io.*;

import java.net.*;

import java.util.*;

import javax.ser vlet.*;

import javax.ser vlet.http.*;

/**

* Core i mplementation of a ser ver session

*

* @author  James Duncan Davi dson [duncan@eng.sun.com]

* @author  James Todd [gonzo@eng.sun.com]

*/

public class Ser verSessi on {

pri vate StringManager sm =

StringManager.getManager("org.apache.tomcat.session");

pri vate Hashtable values = new Hashtable() ;

pri vate Hashtable appSessions = new Hashtable();

pri vate String id;

pri vate l ong creationTi me = System.currentTi meM illis();;

pri vate l ong thisAccessTi me = creati onTi me;

pri vate l ong lastAccessed = c reationTi me;

pri vate i nt inact i veInter val = - 1;

Ser verSession(String id) {

this.id = id;

}

public String getId() {

return id;

}

public long getCreationTi me( ) {

return creati onTi me;

}

public long getLastAccessedT i me() {

return lastAccessed;

}

public Applicati onSess ion getApplicationSession(C ontext context,

boolean create) {

Appli cationSession appSession =

(ApplicationSessi on)appSessions.get(context) ;

if (appSession == null && c reate) {

// XXX

// sync to ensure valid?

appSession = new Appli cationSession( id, this,  context);

appSessions.put( context,  appSession);

}

// XXX

// make sure that we haven' t gone over the end of our

// inac ti ve inter val - - if so, invalidate and c reate

// a new appSession

return appSession;

}

void removeApplicationSessi on(Context context) {

appSessions .remove(context);

}

/**

* Called by context when request comes in so that accesses and

* inacti vities can be dealt with accor dingly.

*/

void accessed( ) {

// set l ast accessed to thisAccessT i me as  it will be left over

// from the pr evious access

lastAccessed = thisAccessTi me;

thisAccessTi me = System.currentTi meMillis();

}

void vali date()

voi d validate() {

// if we have an inact i ve inter val, check to see if

// we' ve exceeded it

if (inacti veInter val != - 1) {

int thisInter val =

( int)(System.currentTi meMill is() - lastAccessed) /  1000;

if (thisInter val > i nacti veInter val ) {

i nvalidate();

Ser verSessionManager ssm =

Ser verSessi onManager.getManager();

ssm.removeSession(this);

}

}

}

synchronized void invalidate( ) {

Enumeration enum = appSessions .keys() ;

while (enum.hasMoreElements())  {

Obj ect key = enum.nextElement();

ApplicationSession appSession =

( ApplicationSession)appSess ions.get( key);

appSession.invali date();

}

}

public void putValue(String name, Object value) {

if (name == null) {

Stri ng msg = sm.getStri ng("ser verSession.val ue.iae" );

thr ow new IllegalArgumentException( msg);

}

removeValue(name);  // remove any exist ing binding

values.put(name, value);

}

public Object getValue(String name) {

if (name == null) {

Stri ng msg = sm.getStri ng("ser verSession.val ue.iae" );

thr ow new IllegalArgumentException( msg);

}

return values .get(name);

}

public Enumer ation getValueNames( ) {

return values .keys() ;

}

public void removeVal ue(Stri ng name) {

values.remove(name);

}

public void setMaxInacti veInter val(int inter val) {

inacti veInter val = inter val;

}

public int getMaxInacti veInter val() {

return inacti veInter val;

}    

// XXX

// sync'd for safty - - no other thread should be getting something

// from this whil e we are reapi ng. This isn't the mos t opti mal

// solution for this, but we'll deter mine something else later .

synchronized void reap() {

Enumeration enum = appSessions .keys() ;

while (enum.hasMoreElements())  {

Obj ect key = enum.nextElement();

ApplicationSession appSession =

( ApplicationSession)appSess ions.get( key);

appSession.validate();

}

}

}

Session Termination: Non-Modular
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Conslusion about the code
� Localized processing

� Configuration files, XML parsing

� Processing implemented with few classes

� HTTP requests, regular expressions

� Processing scattered everywhere

� tracing, analysis of problems, account of encountered 
problems during request processing

org.apache.tomcat
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What are the problems with 
non-modular code?
� Redundancy

� Same processing repeated throughout the application code

� Obscure code

� Code structure is not explicit

� Global code architecture difficult to understand

� Difficult to change/maintain code

� Need to find fragments that concern the feature we want to 
change

� Need to make sure that changes are consistent i.e that a 
change in one place does not “hurt” a change in another place

� Very few tools to help...
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AOP Principles

� Separate tangled code

� Minimize inter-code dependancies

� All processings should have
� a clear objective

� a well-defined modular structure

� Aspects
� Modular processings that can be 

“mixed”/composed/tangled/organized together

Aspect-Oriented Programming
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Outline

1. Introduction to AOP

2. Introduction to AspectJ

3. Syntax of AspectJ

4. Software Development with AspectJ

5. Conclusion and References
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AOP Definition

� AOP = Aspect-Oriented Programming

� "Aspect-oriented programming allows the 
factorization of processings whose 
implementation is scattered through a 
system”
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Types of Aspects

� A software system comprises:

� Application aspects that correspond to 
core concerns. These are the software modules 
that implement the basic functionality of a 
system

� Orthogonal aspects: cross-cutting concerns. 
Software modules that implement system code 
to be used by several other application aspects
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AOP Methodology

� How do we do AOP?

1. Decompose a system into aspects

2. Implement the aspects

3. Recompose the aspects to form the overall 
application
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AOP Methodology : 
1. Decompose in aspects

� Separate the software processings into :

� Application aspects.
Example of a banking system : clients, 
accounts, transfers, etc.

� Management aspects.
Examples : data persistancy, authentification, 
tracing, ressource sharing, performance, etc.
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AOP Methodology :  
2. Aspect Implementation

� Implementation of different aspects in an 
independent way i.e each aspect alone

� Implementation techniques
� procedural languages (e.g. C)

� object-oriented languages (e.g. Java)
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AOP Methodology : 
3. Aspects Composition (Weaving)

� Specify rules for composing aspects

� These rules are used in order to produce the final 
system

� Composition process: integration or weaving

� Example : before each operation on the banking 
system, the client must be authentified.

applicational aspect

system aspect

composition rule
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How to AOP?

� AOP is a methodology, how do we put it into 
practice?

� Aspect languages : C, C++, Java, etc.

� Languages for speifying the rules for asepct weaving : 
AspectC, AspectJ, etc.

� Aspect integration tool : aspect weaver, AOP compiler 
(AspectC, AspectJ, etc.)
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AOP in Java

aspects 
fonctionnels

aspects 
fonctionnels

functional 
aspects 

aspects 
fonctionnels

aspects 
fonctionnels

system
aspects

composition
rules

AOP compiler

final system

Java

Java

AspectJ AspectJ compiler

Java
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Outline

1. Introduction to AOP

2. Introduction to AspectJ
� AspectJ Composition
� Join point, pointcut, advice, introduction, declaration, aspect
� Programming
� Examples

3. Syntax of AspectJ

4. Development with AspectJ

5. Conclusion and Refs
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Composition in AspectJ

� Static composition
� We can change the structure of the system: 

classes and interfaces
� We can add methods and attributes
� We can declare warnings or compile-time errors

� Dynamic composition
� We can add new behavior to the normal behavior of the 

program
� We can extend or replace an operation
� We can operate before or after the execution of some 

operations
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Composition elements in 
AspectJ

� AspectJ 
� is an extension of Java
� for definig rules for dynamic and static composition of 

aspects

� Composition in AspectJ
� Join point
� Pointcut
� Advice
� Introduction
� Declaration (at compile-time)
� Aspect
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Join point

� Definition
� An well-identified point in the execution of a program

� Can be a method call or the access of an attribute

� Example

� The Account join points include

� the execution of the credit method

� the access to the balance attribute

public class Account {
float balance;

void credit(float amount) {
this.balance += amount;    

}
}
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Pointcut

� Definition
� A pointcut is used to select a given join point
� and access the execution context of that join point

� Example

� Pointcut
� select the join point corresponding to the call of the credit

method of the Account class
� get the execution context for this method: the object on which 

the method is called, the method’s parameters

execution (void Account.credit(float))
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Advice

� Definition
� The code associated to a pointcut i.e the code to be executed 

when the pointcut happens during the execution of a program
� Execution before, after or in replacement of a pointcut

� Example

� Advice
� printing a message
� before the execution of the credit method of the Account class

before() : execution (void Account.credit(float)) {
System.out.println("About to perform credit operation");

}
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Introduction

� Definition
� Static change of a class or an interface
� Add a method or an attribute, extend inheritance relations

� Example

� Introduction
� extension of the class hierarchy
� from now on (i.e. after weaving) Account will implement the 

BankingAccount interface
� add a new attribute _minimalBalance to Account

declare parents : Account implements BankingEntity;

private float Account._minimalBalance;
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Compile-time declaration

� Definition
� Add instructions to be composed statically
� Add warnings or errors messages at compilation

� Example

� Declaration
� declare a warning
� print a message whenever the save method of the Persistence

class is called

declare warning : call (void Persistence.save(Object)) :
"Deprecated method Persistence.save(), 
Consider using Persistence.saveOptimized()";
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Aspect

� Definition
� A code module containing the rules for static and dynamic 

composition
� Introductions + declarations + pointcuts + advices = aspect
� An aspect in AspectJ is equivalent to a class in Java

� Example

public aspect ExampleAspect {
declare parents : Account implements BankingEntity;

before() : execution (void Account.credit(float)) {
System.out.println("About to perform credit operation");

}

declare warning : call (void Persistence.save(Object)) :
"Deprecated method Persistence.save(), 
Consider using Persistence.saveOptimized()";

}
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Programming Methodology

� Design
1. Identify the join points where the program behavior should be 

changed/extended
2. Design the new behavior to be inserted at these join points

� Implementation
1. Declaration of an aspect: 

containing the implementation of the above design
2. Declaration of join points
3. Declaration of the advice:

to be associated to the above join pojnts i.e define the new 
behavior to execute at these join points

4. Add rules for static composition if necessary (introductions, 
declarations)
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Example Hello (1 / 4)

� Application

public class Communicator {
public static void print(String message) {

System.out.println(message);
}
public static void print(String person, String message) {

System.out.println(person + ", " + message);
} 

}

public class Test {
public static void main(String[] args) {

Communicator.print("Want to learn AspectJ?");
Communicator.print("Tom", "how are you?");

}
}
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Example Hello (2 / 4)

� Compilation Java

� Execution

� javac Communicator.java Test.java

� java Test

Want to learn AspectJ?

Tom, how are you?
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Example Hello (3 / 4)

� Aspect

public aspect HelloAspect {

pointcut printCall() : call (void Communicator.print(..));

before() : printCall() {
System.out.print("Hello! ");

}

}

� Declaration of an aspect

� Declaration of a pointcut

� Declaration of an advice
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Example Hello (4 / 4)

� Compilation AspectJ

� Execution

� ajc Communicator.java Test.java HelloAspect.java

� java Test

Hello! Want to learn AspectJ?

Hello! Tom, how are you?
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Tracing Example (1/4)

� Initial application

package banking;

public class Account {
float balance;

void credit(float amount) {

this.balance += amount;

}

void debit(float amount) {

this.balance -= amount;

}
}
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Tracing Example (2 / 4)

� Hand-coded modifications

package banking;

public class Account {
float balance;

void credit(float amount) {
Logger.entering("banking.Account", "credit(float)");
this.balance += amount;
Logger.exiting("banking.Account", "credit(float)");

}

void debit(float amount) {
Logger.entering("banking.Account", "debit(float)");
this.balance -= amount;
Logger.exiting("banking.Account", "debit(float)");

}
}
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Tracing Example (3 / 4)

� Aspect-based automatic tracing

public aspect AutoLogAspect {

pointcut methodExecution() : execution (* banking.Account.*(..));

before() : methodExecution() {
Signature sig = thisJoinPointStaticPart.getSignature();
String className = sig.getDeclaringType().getName();
String methodName = sig.getName();
Logger.entering(className, methodName);

}

after() : methodExecution() {
Signature sig = thisJoinPointStaticPart.getSignature();
String className = sig.getDeclaringType().getName();
String methodName = sig.getName();
Logger.exiting(className, methodName);

} }
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Tracing Example (4 / 4)

initial 
application

tracing 
module

authomatic 
tracing 
aspect

AOP compiler

application with tracing

Java

Java

AspectJ

AspectJ compiler

Java
Account

Logger

AutoLogAspect

Account + Logger
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Outline
1. Introduction to AOP

2. Introduction to AspectJ

3. Syntaxe of AspectJ
� Pointcut
� Call vs. Execution
� Pointcuts of control flow, lexical structure
� Advice
� Passing parameters between pointcut and advice

4. Software Development with AspectJ

5. Conclusion and Refs 
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signature
pointcut type

pointcut name
keyword

access mode

� pointcut syntax
[access_mode] pointcut name_pointcut([args]) : definition_pointcut

� Example

public pointcut printCall() : call ( void Communicator.print(..) )

Pointcut
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signature
pointcut type

pointcut name
keyword

access mode

Signature of a pointcut

� Example

public pointcut printCall() : call ( void Communicator.print(..) )

� Signature of a pointcut

� Signature of a type

� Signature of methods/constructors 

� Signature of an attribute
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Pointcut : Type Signature

Signature

Account Type (classe / interface) called Account

Associated types

*Account Type whose name ends with Account, e.g SavingsAccount, 
CheckingAccount

java.*.Date Type Date in a direct sub-package of the package java, e.g 
java.util.Date, java.sql.Date

java..Date All types Date in the java package or in a (direct or indirect) sub-
package of the java package

java.util.List+ Type inheriting the java.util.List interface
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Pointcut : 
Method Signature

public method clear() of the Collection class, method with no 
parameters returning void

Associated methods

Any public method of the Account class, whose name starts with 
set and returning void, whatever the parameters are

Any method of the class Account, no parameters, whatever the  
returning type and access mode are

All public methods of the class Account, returning void, whatever 
the name and the parameters are

Signature

public void 
Collection.clear()

public void 
Account.set*(*)

* Account.*()

public void 
Account.*(..)

* *.*(..) throws 
RemoteException

All methods raising exception of type RemoteException
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Pointcut : 
Constructor Signature

public constructor of the class Account, no parameters

Associated constructors

public constructor of the class Account, one int parameter

All public constructors of the class Account, whatever the 
parameters are

All public constructors of the Account class or of one if its 
subclasses

Signature

public 
Account.new()

public 
Account.new(int)

public 
Account.new(..)

public 
Account+.new(..)
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Pointcut : 
Attribute Signature

The private attribute balance of the class Account

Associated attributes

All Account attributes, whatever their type, name and access mode 
are

All public static attributes of a class in the banking package or in 
one of its sub-packages

All attributes of all classes

Signature

private float 
Account.balance

* Account.*

public static * 
banking..*.*

* *.*
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� Unary Operator : !

� Binary Operators : && (and) || (or)

Pointcut Operators

All public and non final attributespublic !final *.*

All types different from Vector!Vector

Type Vector or HashtableVector || Hashtable

All type implementing both interfacesjava.util.RandomAc
cess+ && 
java.util.List
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signature
pointcut type

pointcut name

keyword

access mode

� Example

public pointcut printCall() : call ( void Communicator.print(..) )

� Type of a pointcut

� Call of a method, constructor

� Execution of a method, constructor

� Access to an attributed in read, write mode

pointcut Type
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Types of pointcuts

SyntaxPointcut Type

call(signature_method)method call

execution(signature_method)method execution

call(signature_constructor)constructor call

execution(signature_constructor)constructor execution

class initialization staticinitialization(signature_type)

read access to an attribute get(signature_attribute)

write access to an attribute set(signature_attribute)

exception handler handler(signature_type)
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� Example

Call vs. Execution (1 / 5)

public class Account {
float balance;

void credit(float amount) {

this.balance += amount;    
}

}

public class Test {
public static void main(String[] args) {

Account account = new Account();

accout.credit(100);    
}

}

execution

call
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� Aspect using the call

Call vs. Execution (2 / 5)

public aspect AutoLogAspect_Call {

pointcut creditMethodCall() : call (* Account.credit(..));

before() : creditMethodCall() {
…
Logger.entering(className, methodName); 

}

}
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� Application of AutoLogAspect_Call

Call vs. Execution (3 / 5)

public class Account {
float balance;

void credit(float amount) {

this.balance += amount;    
}

}

public class Test {
public static void main(String[] args) {

Account account = new Account();
Logger.entering("Account", "credit(float)");
accout.credit(100);    

}
}
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� Aspect using execution

Call vs. Execution (4 / 5)

public aspect AutoLogAspect_Execution {

pointcut creditMethodExecution() : execution (* Account.credit(..));

before() : creditMethodExecution() {
…
Logger.entering(className, methodName); 

}

}
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� Application of AutoLogAspect_Execution

Call vs. Execution (5 / 5)

public class Account {
float balance;

void credit(float amount) {
Logger.entering("Account", "credit(float)");
this.balance += amount;    

}
}

public class Test {
public static void main(String[] args) {

Account account = new Account();

accout.credit(100);    
}

}
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Control Flow Pointcuts

All join points in the control flow of the method credit of the Account 
class, including the call of the method itself

Description

All join points in the control flow of the method credit of the Account 
class, except the call of the method

All join points in the control flow of the pointcut creditMethodCall

All join points in the control flow of a constructor of the class 
Account, except the execution of the constructor itself

Pointcut

cflow(call 
(* Account.credit(..)))

cflowbelow(call 
(* Account.credit(..)))

cflow(
creditMethodCall())

cflowbelow(execution 
(* Account.new(..)))
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� Example

cflow / cflowbelow 

public class Test {
public static void main(String[] args) {

Account account = new Account();

accout.credit(100);    
}

}
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cflow / cflowbelow 

public class Account {
int             id; // account id
Database database;  // associated database

float getBalance() {

return database.query("SELECT balance FROM accounts WHERE id=" + id);

}

void setBalance(float b) {

database.update("UPDATE accounts SET balance="+b+" WHERE id=" + id);

}

void credit(float amount) {

setBalance(getBalance() + amount);    
}

}
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cflow / cflowbelow : 

public class Database {

float query(String sqlQuery) {

… reading data from the database

}

void update(String sqlQuery) {

… writing data to the database

}

}
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� Control flow

cflow / cflowbelow 

Test.main

Account.credit
new 

Account

Account.getBalance Account.setBalance

Database.query Database.update
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� Aspect using cflow

cflow 

public aspect AutoLogAspect_CallF {

pointcut creditMethodCallF() : cflow( call (* Account.credit(..)) );

before() : creditMethodCallF() {
System.out.println("Hello!");

}

}
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� cflow( call(* Account.credit(..)) )

cflow

Test.main

Account.credit
new 

Account

Account.getBalance Account.setBalance

Database.query Database.update
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� Example

cflow

public class Test {
public static void main(String[] args) {

Account account = new Account();
System.out.println("Hello!");
accout.credit(100);    

}
}
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cflow

public class Account {
int             id; // account id
Database database;  // associated database

float getBalance() {
System.out.println("Hello!");
return database.query("SELECT balance FROM accounts WHERE id=" + id);

}

void setBalance(float b) {
System.out.println("Hello!");
database.update("UPDATE accounts SET balance="+b+" WHERE id=" + id);

}

void credit(float amount) {
System.out.println("Hello!");
setBalance(getBalance() + amount);    

}
}

An error here; what is it?
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� Aspect using cflowbelow

cflowbelow 

public aspect AutoLogAspect_CallFB {

pointcut creditMethodCallFB() : cflowbelow( call (* Account.credit(..)) );

before() : creditMethodCallFB() {
System.out.println("Hello!");

}

}
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� cflowbelow( call(* Account.credit(..)) )

cflowbelow

Test.main

Account.credit
new 

Account

Account.getBalance Account.setBalance

Database.query Database.update

© S. Bouchenak Adaptive Computing Systems 63

� Example

cflowbelow 

public class Test {
public static void main(String[] args) {

Account account = new Account();
System.out.println("Hello!");
accout.credit(100);    

}
}

© S. Bouchenak Adaptive Computing Systems 64

cflowbelow

public class Account {
int             id; // account id
Database database;  // associated database

float getBalance() {
System.out.println("Hello!");
return database.query("SELECT balance FROM accounts WHERE id=" + id);

}

void setBalance(float b) {
System.out.println("Hello!");
database.update("UPDATE accounts SET balance="+b+" WHERE id=" + id);

}

void credit(float amount) {
System.out.println("Hello!");
setBalance(getBalance() + amount);    

}
}
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Pointcuts related to lexical 
structure

All join points in the class Account 

Description

All join point in the class Account and in its subclasses

All join points in the method credit of the class Account

Pointcut

within(Account)

within(Account+)

withincode(* 
Account.credit(..))
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� Aspect with execution

Example with within

public aspect AutoLogAspect_Execution {

pointcut methodExecution() : execution (* Account.*(..)) 
&& within(banking..*);

before() : methodExecution() {
…
Logger.entering(className, methodName);

}

}
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� this(Type) or this(ObjectIdentifier)

� target(Type) or  target(ObjectIdentifier)

Pointcuts related to execution 
object

DescriptionPointcut

Every join point where this instance is of the Account class or of 
one of its subclasses. This pointcut is used in combination with
execution

this(Account)

Every join point where the object on which the method is called is 
instance of Account or of one of its subclasses.  Pointcut used in 
combination with call

target(Account)
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� args(Type or ObjectIdentifier,..)

Pointcuts arguments

DescriptionPointcut

All join points of all the methods where the first argument is of type 
String and the last argument is of type int.

args(String,..,int)
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pointcut name

specification of advice

Advice

� Advice : 

� Code to execute at a join point

� Syntax of an advice
specification_advice([args]) : name_pointcut([args}) {

… advice body
}

� Example
before () : printCall () {

… advice body
}
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pointcut type

advice specification

signature

Advice : Syntax

� Syntaxe of an advice
specification_advice([args]) : definition_pointcut {

… advice body

}

� Example

before () : call ( void Communicator.print(..) ) {

… advice body
}
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� Advice before

� executes before join point

� Advice after

� executes after join point

� Advice around

� surrounds execution of join point

Types of advice
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� Example

before () : call ( * Account.*(..)) {

… authentify the user
}

� Particlular case
� If the advice raises an exception, the method is not 

executed

� Examples
� Tracing, authentification, etc.

Advice before
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� Termination (normal or exception)
after () : call ( * Account.*(..)) {

… trace all terminations
}

� Normal termination
after() returning () : call ( * Account.*(..)) {

… 
}

� Termination with an exception
after() throwing () : call ( * Account.*(..)) {

… trace the exception
}

Advice after
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� Replace a processing
around () : call ( void Account.credit(float)) {

… new implementation of the method
}

� Surround a processing
around (Account acount, float amount) : 

call ( * Account.credit(float)) && target(account) && args(amount) {

… trace the beginning of the method execution
proceed(account, amount); // method execution
… trace the end of the method execution

}

Advice around
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Context passing between join 
point and advice (1 / 3)

� Parameter passing

before (Account account , float amount  ) :

call ( * Account.credit(float)) && target( account ) && args( amount ) {

System.out.println("Crediting from " +  account  + " value " +  amount  ); 
}
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Context passing between join 
point and advice (2 / 3)

� Get the result

after returning (Object object ) :

call ( Object Account.*(..)) {

System.out.println("Result " +  object ); 
}
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Context passing between join 
point and advice (3 / 3)

� Get the exception

after throwing (RemoteException except ) :

call ( * Account.*(..) throws RemoteException ) {

System.out.println("Exception " + except ); 
}
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Outline

1. Introduction to AOP

2. Introduction to AspectJ

3. Syntax of AspectJ

4. Software Development with AspectJ

5. Conclusion and Refs
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AspectJ Compiler

� ajc commande

classes and 
aspects Java 

(.java) 

library (.jar) 

final system 
(.class ou .jar) 

compiler 
AspectJ 

(ajc) 
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Browser AspectJ (ajbrowser)
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AOP in few words

� AOP: what for?

� EXtend an existing system so as to integrate new 
behaviors 

� Modular design of a system composed of multiple 
aspects (application and management)
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Web

� AOP / AOSD
http://www.aosd.net

� AspectJ  
http://www.eclipse.org/aspectj/ 

� AOP in C, C++
http://www.aspectc.org/ 
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