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Origines
• Programmation Orientéé Aspect (POA)

ou Aspect-Oriented Programming (AOP)
• Kiczales et al., Xerox PARC : AspectJ

– Maintenant dans projet Eclipse
• Introduction d’un nouveau concept : l’aspect
• Ne se substitue pas aux autres paradigmes

(en particulier la POO) mais cherche à les compléter 
pour obtenir des programmes mieux structurés

• Les idées de la POA proviennent en particulier de la 
métaprogrammation, de la réflexivité et des protocoles à
méta-objets

• Connexions également avec les techniques actuelles 
comme la programmation générative, l’ingénierie des 
modèles (MDA), …
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POO : bonne modularité

• XML parsing dans org.apache.tomcat
– En rouge : les lignes de code correspondantes
– Tout est dans une seule classe
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POO : bonne modularité

• URL pattern matching dans org.apache.tomcat
– En rouge : les lignes de code correspondantes
– Tient dans deux classes (avec héritage)
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POO : mauvaise modularité des 
fonctionnalités transversales

• logging dans org.apache.tomcat
– En rouge : les lignes de code correspondantes
– Ne peut être localisé dans une seule classe
– Même pas dans un petit nombre
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POO : mauvaise modularité des 
fonctionnalités transversales

/*

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

*

* The Apache Software License, Version 1.1

*

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

* reserved.

*

* Redistribution and use in source and binary forms, with or without

* modification, are permitted provided that the following conditions

* are met:

*

* 1. Redistributions of source code must retain the above copyright

*    notice, this list of conditions and the following disclaimer.

*

* 2. Redistributions in binary form must reproduce the above copyright

*    notice, this list of conditions and the following disclaimer in

*    the documentation and/or other materials provided with the

*    distribution.

*

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

*    any, must include the following acknowlegement:

*       "This product includes software developed by the

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

*    Alternately, this acknowlegement may appear in the software

itself,

*    if and wherever such third-party acknowlegements normally appear.

*

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

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

derived

*    from this software without prior written permission. For written

*    permission, please contact apache@apache.org.

*

* 5. Products derived from this software may not be called "Apache"

*    nor may "Apache" appear in their names without prior written

*    permission 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 voluntary contributions made by many

* individuals on behalf of the Apache Software Foundation.  For more

* information on the Apache Software Foundation, please see

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

*

* [Additional notices, if required by prior licensing 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.servlet.*;

import javax.servlet.http.*;

/**

* Core implementation of an application level session

*

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

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

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

*/

public class ApplicationSession implements HttpSession {

private StringManager sm =

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

private Hashtable values = new Hashtable();

private String id;

private ServerSession serverSession;

private Context context;

private long creationTime = System.currentTimeMillis();;

private long thisAccessTime = creationTime;

private long lastAccessed = creationTime;

private int inactiveInterval = -1;

private boolean valid = true;

ApplicationSession(String id, ServerSession serverSession,

Context context) {

this.serverSession = serverSession;

this.context = context;

this.id = id;

this.inactiveInterval = context.getSessionTimeOut();

if (this.inactiveInterval != -1) {

this.inactiveInterval *= 60;

}

}

ServerSession getServerSession() {

return serverSession;

}

/**

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

* inactivities can be dealt with accordingly.

*/

void accessed() {

// set last accessed to thisAccessTime as it will be left over

// from the previous access

lastAccessed = thisAccessTime;

thisAccessTime = System.currentTimeMillis();

validate();

}

void validate() {

// if we have an inactive interval, check to see if we've exceeded it

if (inactiveInterval != -1) {

int thisInterval =

(int)(System.currentTimeMillis() - lastAccessed) / 1000;

if (thisInterval > inactiveInterval) {

invalidate();

}

}

}

// HTTP SESSION IMPLEMENTATION METHODS

public String getId() {

if (valid) {

return id;

} else {

String msg = sm.getString("applicationSession.session.ise");

throw new IllegalStateException(msg);

}

}

public long getCreationTime() {

if (valid) {

return creationTime;

} else {

String msg = sm.getString("applicationSession.session.ise");

throw new IllegalStateException(msg);

}

}

/**

*

* @deprecated

*/

public HttpSessionContext getSessionContext() {

return new SessionContextImpl();

}

public long getLastAccessedTime() {

if (valid) {

return lastAccessed;

} else {

String msg = sm.getString("applicationSession.session.ise");

throw new IllegalStateException(msg);

}

}

public void invalidate() {

serverSession.removeApplicationSession(context);

// remove everything in the session

Enumeration enum = values.keys();

while (enum.hasMoreElements()) {

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

removeValue(name);

}

valid = false;

}

public boolean isNew() {

if (! valid) {

String msg = sm.getString("applicationSession.session.ise");

throw new IllegalStateException(msg);

}

if (thisAccessTime == creationTime) {

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) {

String msg = sm.getString("applicationSession.session.ise");

throw new IllegalStateException(msg);

}

if (name == null) {

String msg = sm.getString("applicationSession.value.iae");

throw new IllegalArgumentException(msg);

}

removeValue(name);  // remove any existing binding

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

HttpSessionBindingEvent e =

new HttpSessionBindingEvent(this, name);

((HttpSessionBindingListener)value).valueBound(e);

}

values.put(name, value);

}

/**

* @deprecated

*/

public Object getValue(String name) {

return getAttribute(name);

}

public Object getAttribute(String name) {

if (! valid) {

String msg = sm.getString("applicationSession.session.ise");

throw new IllegalStateException(msg);

}

if (name == null) {

String msg = sm.getString("applicationSession.value.iae");

throw new IllegalArgumentException(msg);

}

return values.get(name);

}

/**

* @deprecated

*/

public String[] getValueNames() {

Enumeration e = getAttributeNames();

Vector names = new Vector();

while (e.hasMoreElements()) {

names.addElement(e.nextElement());

}

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

names.copyInto(valueNames);

return valueNames;

}

public Enumeration getAttributeNames() {

if (! valid) {

String msg = sm.getString("applicationSession.session.ise");

throw new IllegalStateException(msg);

}

Hashtable valuesClone = (Hashtable)values.clone();

return (Enumeration)valuesClone.keys();

}

/**

* @deprecated

*/

public void removeValue(String name) {

removeAttribute(name);

}

public void removeAttribute(String name) {

if (! valid) {

String msg = sm.getString("applicationSession.session.ise");

throw new IllegalStateException(msg);

}

if (name == null) {

String msg = sm.getString("applicationSession.value.iae");

throw new IllegalArgumentException(msg);

}

Object o = values.get(name);

if (o instanceof HttpSessionBindingListener) {

HttpSessionBindingEvent e =

new HttpSessionBindingEvent(this,name);

((HttpSessionBindingListener)o).valueUnbound(e);

}

values.remove(name);

}

public void setMaxInactiveInterval(int interval) {

if (! valid) {

String msg = sm.getString("applicationSession.session.ise");

throw new IllegalStateException(msg);

}

inactiveInterval = interval;

}

public int getMaxInactiveInterval() {

if (! valid) {

String msg = sm.getString("applicationSession.session.ise");

throw new IllegalStateException(msg);

}

return inactiveInterval;

}

}

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

ApplicationSession
package org.apache.tomcat.session;

import java.io.IOException;

import java.io.ObjectInputStream;

import java.io.ObjectOutputStream;

import java.io.Serializable;

import java.util.Enumeration;

import java.util.Hashtable;

import java.util.Vector;

import javax.servlet.ServletException;

import javax.servlet.http.HttpSession;

import javax.servlet.http.HttpSessionBindingEvent;

import javax.servlet.http.HttpSessionBindingListener;

import javax.servlet.http.HttpSessionContext;

import org.apache.tomcat.catalina.*;

import org.apache.tomcat.util.StringManager;

/**

* Standard implementation of the <b>Session</b> 

interface.  This object is

* serializable, so that it can be stored in 

persistent storage or transferred

* to a different JVM for distributable session 

support.

* <p>

* <b>IMPLEMENTATION NOTE</b>:  An instance of this 

class represents both the

* internal (Session) and application level 

(HttpSession) view of the session.

* However, because the class itself is not declared 

public, Java logic outside

* of the <code>org.apache.tomcat.session</code> 

package cannot cast an

* HttpSession view of this instance back to a 

Session view.

*

* @author Craig R. McClanahan

* @version $Revision: 1.2 $ $Date: 2000/05/15 

17:54:10 $

*/

final class StandardSession

implements HttpSession, Session {

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

------------- Constructors

/**

* Construct a new Session associated with the 

specified Manager.

*

* @param manager The manager with which this 

Session is associated

*/

public StandardSession(Manager manager) {

super();

this.manager = manager;

}

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

------- Instance Variables

/**

* The collection of user data attributes 

associated with this Session.

*/

private Hashtable attributes = new Hashtable();

/**

* The time this session was created, in 

milliseconds since midnight,

* January 1, 1970 GMT.

*/

private long creationTime = 0L;

/**

* The session identifier of this Session.

*/

private String id = null;

/**

* Descriptive information describing this 

Session implementation.

*/

private static final String info = 

"StandardSession/1.0";

/**

* The last accessed time for this Session.

*/

private long lastAccessedTime = creationTime;

/**

* The Manager with which this Session is 

associated.

*/

private Manager manager = null;

/**

* The maximum time interval, in seconds, between 

client requests before

* the servlet container may invalidate this 

session.  A negative time

* indicates that the session should never time 

out.

*/

private int maxInactiveInterval = -1;

/**

* Flag indicating whether this session is new or 

not.

*/

private boolean isNew = true;

/**

* Flag indicating whether this session is valid 

or not.

*/

private boolean isValid = false;

/**

* The string manager for this package.

*/

private StringManager sm =

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

;

/**

* The HTTP session context associated with this 

session.

*/

private static HttpSessionContext sessionContext

= null;

/**

* The current accessed time for this session.

*/

private long thisAccessedTime = creationTime;

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

------- Session Properties

/**

* Set the creation time for this session.  This 

method is called by the

* Manager when an existing Session instance is 

reused.

*

* @param time The new creation time

*/

public void setCreationTime(long time) {

this.creationTime = time;

this.lastAccessedTime = time;

this.thisAccessedTime = time;

}

/**

* Return the session identifier for this 

session.

*/

public String getId() {

return (this.id);

}

/**

* Set the session identifier for this session.

*

* @param id The new session identifier

*/

public void setId(String id) {

if ((this.id != null) && (manager != null) &&

(manager instanceof ManagerBase))

((ManagerBase) manager).remove(this);

this.id = id;

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

ManagerBase))

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

}

/**

* Return descriptive information about this 

Session implementation and

* the corresponding version number, in the 

format

* 

<code>&lt;description&gt;/&lt;version&gt;</code>.

*/

public String getInfo() {

return (this.info);

}

/**

* Return the last time the client sent a request 

associated with this

* session, as the number of milliseconds since 

midnight, January 1, 1970

* GMT.  Actions that your application takes, 

such as getting or setting

* a value associated with the session, do not 

affect the access time.

*/

public long getLastAccessedTime() {

return (this.lastAccessedTime);

}

/**

* Return the Manager within which this Session 

is valid.

*/

public Manager getManager() {

return (this.manager);

}

/**

* Set the Manager within which this Session is 

valid.

*

* @param manager The new Manager

*/

public void setManager(Manager manager) {

this.manager = manager;

}

/**

* Return the maximum time interval, in seconds, 

between client requests

* before the servlet container will invalidate 

the session.  A negative

* time indicates that the session should never 

time out.

*

* @exception IllegalStateException if this 

method is called on

*  an invalidated session

*/

public int getMaxInactiveInterval() {

return (this.maxInactiveInterval);

}

/**

* Set the maximum time interval, in seconds, 

between client requests

* before the servlet container will invalidate 

the session.  A negative

* time indicates that the session should never 

time out.

*

* @param interval The new maximum interval

*/

public void setMaxInactiveInterval(int interval) 

{

this.maxInactiveInterval = interval;

}

/**

* Return the <code>HttpSession</code> for which this 

object

* is the facade.

*/

public HttpSession getSession() {

return ((HttpSession) this);

}

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

Session Public Methods

/**

* Update the accessed time information for this session.  

This method

* should be called by the context when a request comes in 

for a particular

* session, even if the application does not reference it.

*/

public void access() {

this.lastAccessedTime = this.thisAccessedTime;

this.thisAccessedTime = System.currentTimeMillis();

this.isNew=false;

}

/**

* Perform the internal processing required to invalidate 

this session,

* without triggering an exception if the session has 

already expired.

*/

public void expire() {

// Remove this session from our manager's active 

sessions

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

ManagerBase))

((ManagerBase) manager).remove(this);

// Unbind any objects associated with this session

Vector results = new Vector();

Enumeration attrs = getAttributeNames();

while (attrs.hasMoreElements()) {

String attr = (String) attrs.nextElement();

results.addElement(attr);

}

Enumeration names = results.elements();

while (names.hasMoreElements()) {

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

removeAttribute(name);

}

// Mark this session as invalid

setValid(false);

}

/**

* Release all object references, and initialize instance 

variables, in

* preparation for reuse of this object.

*/

public void recycle() {

// Reset the instance variables associated with this 

Session

attributes.clear();

creationTime = 0L;

id = null;

lastAccessedTime = 0L;

manager = null;

maxInactiveInterval = -1;

isNew = true;

isValid = false;

// Tell our Manager that this Session has been recycled

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

ManagerBase))

((ManagerBase) manager).recycle(this);

}

// ------------------------------------------------ Session 

Package Methods

/**

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

*/

boolean isValid() {

return (this.isValid);

}

/**

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

*

* @param isNew The new value for the <code>isNew</code> 

flag

*/

void setNew(boolean isNew) {

this.isNew = isNew;

}

/**

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

*

* @param isValid The new value for the 

<code>isValid</code> flag

*/

void setValid(boolean isValid) {

this.isValid = isValid;

}

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

HttpSession Properties

/**

* Return the time when this session was created, in 

milliseconds since

* midnight, January 1, 1970 GMT.

*

* @exception IllegalStateException if this method is 

called on an

*  invalidated session

*/

public long getCreationTime() {

return (this.creationTime);

}

/**

* Return the session context with which this session is 

associated.

*

* @deprecated As of Version 2.1, this method is deprecated 

and has no

*  replacement.  It will be removed in a future version of 

the

*  Java Servlet API.

*/

public HttpSessionContext getSessionContext() {

if (sessionContext == null)

sessionContext = new StandardSessionContext();

return (sessionContext);

}

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

HttpSession Public Methods

/**

* Return the object bound with the specified name in this 

session, or

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

*

* @param name Name of the attribute to be returned

*

* @exception IllegalStateException if this method is 

called on an

*  invalidated session

*/

public Object getAttribute(String name) {

return (attributes.get(name));

}

/**

* Return an <code>Enumeration</code> of 

<code>String</code> objects

* containing the names of the objects bound to this 

session.

*

* @exception IllegalStateException if this method is 

called on an

*  invalidated session

*/

public Enumeration getAttributeNames() {

return (attributes.keys());

}

/**

* Return the object bound with the specified name in this 

session, or

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

*

* @param name Name of the value to be returned

*

* @exception IllegalStateException if this method is 

called on an

*  invalidated session

*

* @deprecated As of Version 2.2, this method is replaced 

by

*  <code>getAttribute()</code>

*/

public Object getValue(String name) {

return (getAttribute(name));

}

/**

* Return the set of names of objects bound to this 

session.  If there

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

*

* @exception IllegalStateException if this method is 

called on an

*  invalidated session

*

* @deprecated As of Version 2.2, this method is replaced 

by

*  <code>getAttributeNames()</code>

*/

public String[] getValueNames() {

Vector results = new Vector();

Enumeration attrs = getAttributeNames();

while (attrs.hasMoreElements()) {

String attr = (String) attrs.nextElement();

results.addElement(attr);

}

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

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

names[i] = (String) results.elementAt(i);

return (names);

}

/**

* Invalidates this session and unbinds any objects bound 

to it.

*

* @exception IllegalStateException if this method is 

called on

*  an invalidated session

*/

public void invalidate() {

// Cause this session to expire

expire();

}

/**

* Return <code>true</code> if the client does not yet know 

about the

* session, or if the client chooses not to join the 

session.  For

* example, if the server used only cookie-based sessions, 

and the client

* has disabled the use of cookies, then a session would be 

new on each

* request.

*

* @exception IllegalStateException if this method is 

called on an

*  invalidated session

*/

public boolean isNew() {

return (this.isNew);

}

/**

* Bind an object 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 implements

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

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

*

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

* @param value Object to be bound, cannot be null

*

* @exception IllegalStateException if this method is called on an

*  invalidated session

*

* @deprecated As of Version 2.2, this 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 object bound with this name, this method

* does nothing.

* <p>

* After this method executes, and if the object implements

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

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

*

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

*

* @exception IllegalStateException if this method is called on an

*  invalidated session

*/

public void removeAttribute(String name) {

synchronized (attributes) {

Object object = attributes.get(name);

if (object == null)

return;

attributes.remove(name);

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

if (object instanceof HttpSessionBindingListener) {

((HttpSessionBindingListener) object).valueUnbound

(new HttpSessionBindingEvent((HttpSession) this, name));

}

}

}

/**

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

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

* does nothing.

* <p>

* After this method executes, and if the object implements

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

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

*

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

*

* @exception IllegalStateException if this method is called on an

*  invalidated session

*

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

*  <code>removeAttribute()</code>

*/

public void removeValue(String name) {

removeAttribute(name);

}

/**

* Bind an object 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 implements

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

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

*

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

* @param value Object to be bound, cannot be null

*

* @exception IllegalArgumentException if an attempt is made to add a

*  non-serializable object in an environment marked distributable.

* @exception IllegalStateException if this method is called on an

*  invalidated session

*/

public void setAttribute(String name, Object value) {

if ((manager != null) && manager.getDistributable() &&

!(value instanceof Serializable))

throw new IllegalArgumentException

(sm.getString("standardSession.setAttribute.iae"));

synchronized (attributes) {

removeAttribute(name);

attributes.put(name, value);

if (value instanceof HttpSessionBindingListener)

((HttpSessionBindingListener) value).valueBound

(new HttpSessionBindingEvent((HttpSession) this, name));

}

}

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

/**

* Read a serialized version of this session object from the specified

* object input stream.

* <p>

* <b>IMPLEMENTATION NOTE</b>:  The reference to the owning Manager

* is not restored by this method, and must be set explicitly.

*

* @param stream The input stream to read from

*

* @exception ClassNotFoundException if an unknown class is specified

* @exception IOException if an input/output error occurs

*/

private void readObject(ObjectInputStream stream)

throws ClassNotFoundException, IOException {

// Deserialize the scalar instance variables (except Manager)

creationTime = ((Long) stream.readObject()).longValue();

id = (String) stream.readObject();

lastAccessedTime = ((Long) stream.readObject()).longValue();

maxInactiveInterval = ((Integer) stream.readObject()).intValue();

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

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

// Deserialize the attribute count and attribute values

int n = ((Integer) stream.readObject()).intValue();

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

String name = (String) stream.readObject();

Object value = (Object) stream.readObject();

attributes.put(name, value);

}

}

/**

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

* object output stream.

* <p>

* <b>IMPLEMENTATION NOTE</b>:  The owning Manager will not be stored

* in the serialized representation of this Session.  After calling

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

* explicitly.

* <p>

* <b>IMPLEMENTATION NOTE</b>:  Any attribute that is not Serializable

* will be silently ignored.  If you do not want any such attributes,

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

* Manager is set to <code>true</code>.

*

* @param stream The output stream to write to

*

* @exception IOException if an input/output error occurs

*/

private void writeObject(ObjectOutputStream stream) throws IOException {

// Write the scalar instance variables (except Manager)

stream.writeObject(new Long(creationTime));

stream.writeObject(id);

stream.writeObject(new Long(lastAccessedTime));

stream.writeObject(new Integer(maxInactiveInterval));

stream.writeObject(new Boolean(isNew));

stream.writeObject(new Boolean(isValid));

// Accumulate the names of serializable attributes

Vector results = new Vector();

Enumeration attrs = getAttributeNames();

while (attrs.hasMoreElements()) {

String attr = (String) attrs.nextElement();

Object value = attributes.get(attr);

if (value instanceof Serializable)

results.addElement(attr);

}

// Serialize the attribute count and the  attribute values

stream.writeObject(new Integer(results.size()));

Enumeration names = results.elements();

while (names.hasMoreElements()) {

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

stream.writeObject(name);

stream.writeObject(attributes.get(name));

}

}

crosscut invalidate(StandardSession s): s & (int getMaxInactiveInterval() | 

long getCreationTime() |

Object getAttribute(String) | 

Enumeration getAttributeNames() |

String[] getValueNames() |

void invalidate() |

boolean isNew() |

void removeAttribute(String) |

void setAttribute(String, Object));

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

before {

if (!s.isValid())

throw new IllegalStateException

(s.sm.getString("standardSession." 

+ thisJoinPoint.methodName

+ ".ise"));

}

}

}

// -------------------------------------------------------------- Private Class

/**

* This class is a dummy implementation of the <code>HttpSessionContext</code>

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

* when <code>HttpSession.getSessionContext()</code> is called.

*

* @author Craig R. McClanahan

*

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

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

*/

final class StandardSessionContext implements HttpSessionContext {

private Vector dummy = new Vector();

/**

* Return the session identifiers of all sessions defined

* within this context.

*

* @deprecated As of Java Servlet API 2.1 with no replacement.

*  This method must return an empty <code>Enumeration</code>

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

*/

public Enumeration getIds() {

return (dummy.elements());

}

/**

* Return the <code>HttpSession</code> associated with the

* specified session identifier.

*

* @param id Session identifier for which to look up a session

*

* @deprecated As of Java Servlet API 2.1 with no replacement.

*  This method must return null and will be removed in a

*  future version of the API.

*/

public HttpSession getSession(String id) {

return (null);

}

}

StandardSession

package org.apache.tomcat.session;

import java.io.IOException;

import java.util.Enumeration;

import java.util.Hashtable;

import java.util.Vector;

import org.apache.tomcat.catalina.*;

import javax.servlet.http.Cookie;

import javax.servlet.http.HttpSession;

import org.apache.tomcat.util.StringManager;

import org.w3c.dom.NamedNodeMap;

import org.w3c.dom.Node;

/**

* Standard implementation of the <b>Manager</b> interface that provides

* no session persistence or distributable capabilities, but does support

* an optional, configurable, maximum number of active sessions allowed.

* <p>

* Lifecycle configuration of this component assumes an XML node

* in the following format:

* <code>

*     &lt;Manager className="org.apache.tomcat.session.StandardManager"

*              checkInterval="60" maxActiveSessions="-1"

*              maxInactiveInterval="-1" />

* </code>

* where you can adjust the following parameters, with default values

* in square brackets:

* <ul>

* <li><b>checkInterval</b> - The interval (in seconds) between background

*     thread checks for expired sessions.  [60]

* <li><b>maxActiveSessions</b> - The maximum number of sessions allowed to

*     be active at once, or -1 for no limit.  [-1]

* <li><b>maxInactiveInterval</b> - The default maximum number of seconds of

*     inactivity before which the servlet container is allowed to time out

*     a session, or -1 for no limit.  This value should be overridden from

*     the default session timeout specified in the web application deployment

*     descriptor, if any.  [-1]

* </ul>

*

* @author Craig R. McClanahan

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

*/

public final class StandardManager

extends ManagerBase

implements Lifecycle, Runnable {

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

/**

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

*/

private int checkInterval = 60;

/**

* Has this component been configured yet?

*/

private boolean configured = false;

/**

* The descriptive information about this implementation.

*/

private static final String info = "StandardManager/1.0";

/**

* The maximum number of active Sessions allowed, or -1 for no limit.

*/

protected int maxActiveSessions = -1;

/**

* The string manager for this package.

*/

private StringManager sm =

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

/**

* Has this component been started yet?

*/

private boolean started = false;

/**

* The background thread.

*/

private Thread thread = null;

/**

* The background thread completion semaphore.

*/

private boolean threadDone = false;

/**

* Name to register for the background thread.

*/

private String threadName = "StandardManager";

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

/**

* Return the check interval (in seconds) for this Manager.

*/

public int getCheckInterval() {

return (this.checkInterval);

}

/**

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

*

* @param checkInterval The new check interval

*/

public void setCheckInterval(int checkInterval) {

this.checkInterval = checkInterval;

}

/**

* Return descriptive information about this Manager implementation and

* the corresponding version number, in the format

* <code>&lt;description&gt;/&lt;version&gt;</code>.

*/

public String getInfo() {

return (this.info);

}

/**

* Return the maximum number of active Sessions allowed, or -1 for

* no limit.

*/

public int getMaxActiveSessions() {

return (this.maxActiveSessions);

}

/**

* Set the maximum number of actives Sessions allowed, or -1 for

* no limit.

*

* @param max The new maximum number of sessions

*/

public void setMaxActiveSessions(int max) {

this.maxActiveSessions = max;

}

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

/**

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

* settings specified by this Manager's properties.  The session

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

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

* for any reason, return <code>null</code>.

*

* @exception IllegalStateException if a new session cannot be

*  instantiated for any reason

*/

public Session createSession() {

if ((maxActiveSessions >= 0) &&

(sessions.size() >= maxActiveSessions))

throw new IllegalStateException

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

return (super.createSession());

}

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

/**

* Configure this component, based on the specified configuration

* parameters.  This method should be called immediately after the

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

* is called.

*

* @param parameters Configuration parameters for this component

*  (<B>FIXME: What object type should this really be?)

*

* @exception IllegalStateException if this component has already been

*  configured and/or started

* @exception LifecycleException if this component detects a fatal error

*  in the configuration parameters it was given

*/

public void configure(Node parameters)

throws LifecycleException {

// Validate and update our current component state

if (configured)

throw new LifecycleException

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

configured = true;

if (parameters == null)

return;

// Parse and process our configuration parameters

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

return;

NamedNodeMap attributes = parameters.getAttributes();

Node node = null;

node = attributes.getNamedItem("checkInterval");

if (node != null) {

try {

setCheckInterval(Integer.parseInt(node.getNodeValue()));

} catch (Throwable t) {

;       // XXX - Throw exception?

}

}

node = attributes.getNamedItem("maxActiveSessions");

if (node != null) {

try {

setMaxActiveSessions(Integer.parseInt(node.getNodeValue()));

} catch (Throwable t) {

;       // XXX - Throw exception?

}

}

node = attributes.getNamedItem("maxInactiveInterval");

if (node != null) {

try {

setMaxInactiveInterval(Integer.parseInt(node.getNodeValue()));

} catch (Throwable t) {

;       // XXX - Throw exception?

}

}

}

/**

* Prepare for the beginning of active use of the public 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 IllegalStateException if this component has not yet been

*  configured (if required for this component)

* @exception IllegalStateException if this component has already been

*  started

* @exception LifecycleException if this component detects a fatal error

*  that prevents this component from being used

*/

public void start() throws LifecycleException {

// Validate and update our current component state

if (!configured)

throw new LifecycleException

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

if (started)

throw new LifecycleException

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

started = true;

// Start the background reaper thread

threadStart();

}

/**

* Gracefully terminate the active use of the public methods of this

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

* instance of this component.

*

* @exception IllegalStateException if this component has not been started

* @exception IllegalStateException if this component has already

*  been stopped

* @exception LifecycleException if this component detects a fatal error

*  that needs to be reported

*/

public void stop() throws LifecycleException {

// Validate and update our current component state

if (!started)

throw new LifecycleException

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

started = false;

// Stop the background reaper thread

threadStop();

// Expire all active sessions

Session sessions[] = findSessions();

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

StandardSession session = (StandardSession) sessions[i];

if (!session.isValid())

continue;

session.expire();

}

}

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

/**

* Invalidate all sessions that have expired.

*/

private void processExpires() {

long timeNow = System.currentTimeMillis();

Session sessions[] = findSessions();

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

StandardSession session = (StandardSession) sessions[i];

if (!session.isValid())

continue;

int maxInactiveInterval = session.getMaxInactiveInterval();

if (maxInactiveInterval < 0)

continue;

int timeIdle = // Truncate, do not round up

(int) ((timeNow - session.getLastAccessedTime()) / 1000L);

if (timeIdle >= maxInactiveInterval)

session.expire();

}

}

/**

* Sleep for the duration specified by the <code>checkInterval</code>

* property.

*/

private void threadSleep() {

try {

Thread.sleep(checkInterval * 1000L);

} catch (InterruptedException e) {

;

}

}

/**

* Start the background thread that will periodically check for

* session timeouts.

*/

private void threadStart() {

if (thread != null)

return;

threadDone = false;

thread = new Thread(this, threadName);

thread.setDaemon(true);

thread.start();

}

/**

* Stop the background thread that is periodically checking for

* session timeouts.

*/

private void threadStop() {

if (thread == null)

return;

threadDone = true;

thread.interrupt();

try {

thread.join();

} catch (InterruptedException e) {

;

}

thread = null;

}

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

/**

* The background thread that checks for session timeouts and shutdown.

*/

public void run() {

// Loop until the termination semaphore is set

while (!threadDone) {

threadSleep();

processExpires();

}

}

}
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package org.apache.tomcat.session;

import java.io.IOException;

import javax.servlet.http.Cookie;

import javax.servlet.http.HttpSession;

import org.apache.tomcat.catalina.*;

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;

/**

* Specialized implementation of org.apache.tomcat.core.SessionManager

* 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

* paradigm, I would suggest moving the logic implemented here back into

* the core level.  The Tomcat.Next "Manager" interface acts more like a

* collection class, and has minimal knowledge of the detailed request

* processing semantics of handling sessions.

* <p>

* XXX - At present, there is no way (via the SessionManager interface) 

for

* a Context to tell the Manager that we create what the default session

* timeout for this web application (specified in the deployment

descriptor)

* should be.

*

* @author Craig R. McClanahan

*/

public final class StandardSessionManager

implements SessionManager {

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

Constructors

/**

* Create a new SessionManager that adapts to the corresponding 

Manager

* implementation.

*/

public StandardSessionManager() {

manager = new StandardManager();

if (manager instanceof Lifecycle) {

try {

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

((Lifecycle) manager).start();

} catch (LifecycleException e) {

throw new IllegalStateException("" + e);

}

}

}

// ----------------------------------------------------- Instance 

Variables

/**

* The Manager implementation we are actually using.

*/

private Manager manager = null;

// --------------------------------------------------------- Public 

Methods

/**

* Mark the specified session's last accessed time.  This should be

* called for each request by a RequestInterceptor.

*

* @param session The session to be marked

*/

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

HttpSession session=findSession(ctx, id);

if( session == null) return;

if (session instanceof Session)

((Session) session).access();

// cache the HttpSession - avoid another find

req.setSession( session );

}

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

public HttpSession findSession( Context ctx, String id ) {

try {

Session session = manager.findSession(id);

if(session!=null)

return session.getSession();

} catch (IOException e) {

}

return (null);

}

public HttpSession createSession(Context ctx) {

return  manager.createSession().getSession();

}

/**

* Remove all sessions because our associated Context is being shut 

down.

*

* @param ctx The context that is being shut down

*/

public void removeSessions(Context ctx) {

// XXX XXX a manager may be shared by multiple

// 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) {

try {

((Lifecycle) manager).stop();

} catch (LifecycleException e) {

throw new IllegalStateException("" + e);

}

}

}

/**

* Used by context to configure the session manager's inactivity 

timeout.

*

* The SessionManager may have some default session time out, the

* Context on the other hand has it's timeout set by the deployment

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

* session manager according to this value.

*

* @param minutes The session inactivity timeout in minutes.

*/

public void setSessionTimeOut(int minutes) {

if(-1 != minutes) {

// The manager works with seconds...

manager.setMaxInactiveInterval(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.servlet.http.*;

/**

*

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

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

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

*/

public class ServerSessionManager implements SessionManager {

private StringManager sm =

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

private static ServerSessionManager manager; // = new ServerSessionManager();

protected int inactiveInterval = -1;

static {

manager = new ServerSessionManager();

}

public static ServerSessionManager getManager() {

return manager;

}

private Hashtable sessions = new Hashtable();

private Reaper reaper;

private ServerSessionManager() {

reaper = Reaper.getReaper();

reaper.setServerSessionManager(this);

reaper.start();

}

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

ApplicationSession apS=(ApplicationSession)findSession( ctx, id);

if( apS==null) return;

ServerSession servS=apS.getServerSession();

servS.accessed();

apS.accessed();

// cache it - no need to compute it again

req.setSession( apS );

}

public HttpSession createSession(Context ctx) {

String sessionId = SessionIdGenerator.generateId();

ServerSession session = new ServerSession(sessionId);

sessions.put(sessionId, session);

if(-1 != inactiveInterval) {

session.setMaxInactiveInterval(inactiveInterval);

}

return session.getApplicationSession( ctx, true );

}

public HttpSession findSession(Context ctx, String id) {

ServerSession sSession=(ServerSession)sessions.get(id);

if(sSession==null) return null;

return sSession.getApplicationSession(ctx, false);

}

// XXX

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

// from this while we are reaping. This isn't the most optimal

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

synchronized void reap() {

Enumeration enum = sessions.keys();

while (enum.hasMoreElements()) {

Object key = enum.nextElement();

ServerSession session = (ServerSession)sessions.get(key);

session.reap();

session.validate();

}

}

synchronized void removeSession(ServerSession session) {

String id = session.getId();

session.invalidate();

sessions.remove(id);

}

public void removeSessions(Context context) {

Enumeration enum = sessions.keys();

while (enum.hasMoreElements()) {

Object key = enum.nextElement();

ServerSession session = (ServerSession)sessions.get(key);

ApplicationSession appSession =

session.getApplicationSession(context, false);

if (appSession != null) {

appSession.invalidate();

}

}

}

/**

* Used by context to configure the session manager's inactivity timeout.

*

* The SessionManager may have some default session time out, the

* Context on the other hand has it's timeout set by the deployment

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

* session manager according to this value.

*

* @param minutes The session inactivity timeout in minutes.

*/

public void setSessionTimeOut(int minutes) {

if(-1 != minutes) {

// The manager works with seconds...

inactiveInterval = (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.servlet.http.*;

/**

* Will process the request and determine the session Id, and set it

* in the Request.

* It also marks the session as accessed.

*

* This implementation only handles Cookies sessions, please extend or

* add new interceptors for other methods.

*

*/

public class SessionInterceptor extends  BaseInterceptor implements RequestInterceptor {

// GS, separates the session id from the jvm 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;

Cookie cookies[]=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=validateSessionId(request, sessionId);

if (sessionId!=null){

request.setRequestedSessionIdFromCookie(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());

// rewrite URL, do I need to do anything more?

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

sessionId=validateSessionId(request, sessionId);

if (sessionId!=null){

request.setRequestedSessionIdFromURL(true);

}

}

return 0;

}

// XXX what is the correct behavior if the session is invalid ?

// We may still set it and just return session invalid.

/** Validate and fix the session id. If the session is not valid return null.

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

* @return sessionId, or null if not valid

*/

private 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 (null != sessionId) {

int idex = sessionId.lastIndexOf(SESSIONID_ROUTE_SEP);

if(idex > 0) {

sessionId = sessionId.substring(0, idex);

}

}

if (sessionId != null && sessionId.length()!=0) {

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

// multiple Session cookies (one for the root

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

// cookie. We must check for validity in the current context.

Context ctx=request.getContext();

SessionManager sM = ctx.getSessionManager();    

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

sM.accessed(ctx, request, sessionId );

request.setRequestedSessionId(sessionId);

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

return sessionId;

}

}

return null;

}

public int beforeBody( Request rrequest, Response response ) {

String reqSessionId = response.getSessionId();

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

if( reqSessionId==null)

return 0;

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

// multiple session cookies can be used, one for each

// context.

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

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

sessionPath = "/";

}

// GS, piggyback the jvm route on the session id.

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

String jvmRoute = rrequest.getJvmRoute();

if(null != jvmRoute) {

reqSessionId = reqSessionId + SESSIONID_ROUTE_SEP + jvmRoute;

}

}

Cookie cookie = new Cookie("JSESSIONID",

reqSessionId);

cookie.setMaxAge(-1);

cookie.setPath(sessionPath);

cookie.setVersion(1);

response.addHeader( CookieTools.getCookieHeaderName(cookie),

CookieTools.getCookieHeaderValue(cookie));

cookie.setVersion(0);

response.addHeader( CookieTools.getCookieHeaderName(cookie),

CookieTools.getCookieHeaderValue(cookie));

return 0;

}

/** Notification of context shutdown

*/

public void contextShutdown( Context ctx )

throws TomcatException

{

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

ctx.getSessionManager().removeSessions(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.servlet.*;

import javax.servlet.http.*;

/**

* Core implementation of a server session

*

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

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

*/

public class ServerSession {

private StringManager sm =

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

private Hashtable values = new Hashtable();

private Hashtable appSessions = new Hashtable();

private String id;

private long creationTime = System.currentTimeMillis();;

private long thisAccessTime = creationTime;

private long lastAccessed = creationTime;

private int inactiveInterval = -1;

ServerSession(String id) {

this.id = id;

}

public String getId() {

return id;

}

public long getCreationTime() {

return creationTime;

}

public long getLastAccessedTime() {

return lastAccessed;

}

public ApplicationSession getApplicationSession(Context context,

boolean create) {

ApplicationSession appSession =

(ApplicationSession)appSessions.get(context);

if (appSession == null && create) {

// XXX

// sync to ensure valid?

appSession = new ApplicationSession(id, this, context);

appSessions.put(context, appSession);

}

// XXX

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

// inactive interval -- if so, invalidate and create

// a new appSession

return appSession;

}

void removeApplicationSession(Context context) {

appSessions.remove(context);

}

/**

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

* inactivities can be dealt with accordingly.

*/

void accessed() {

// set last accessed to thisAccessTime as it will be left over

// from the previous access

lastAccessed = thisAccessTime;

thisAccessTime = System.currentTimeMillis();

}

void validate()

void validate() {

// if we have an inactive interval, check to see if

// we've exceeded it

if (inactiveInterval != -1) {

int thisInterval =

(int)(System.currentTimeMillis() - lastAccessed) / 1000;

if (thisInterval > inactiveInterval) {

invalidate();

ServerSessionManager ssm =

ServerSessionManager.getManager();

ssm.removeSession(this);

}

}

}

synchronized void invalidate() {

Enumeration enum = appSessions.keys();

while (enum.hasMoreElements()) {

Object key = enum.nextElement();

ApplicationSession appSession =

(ApplicationSession)appSessions.get(key);

appSession.invalidate();

}

}

public void putValue(String name, Object value) {

if (name == null) {

String msg = sm.getString("serverSession.value.iae");

throw new IllegalArgumentException(msg);

}

removeValue(name);  // remove any existing binding

values.put(name, value);

}

public Object getValue(String name) {

if (name == null) {

String msg = sm.getString("serverSession.value.iae");

throw new IllegalArgumentException(msg);

}

return values.get(name);

}

public Enumeration getValueNames() {

return values.keys();

}

public void removeValue(String name) {

values.remove(name);

}

public void setMaxInactiveInterval(int interval) {

inactiveInterval = interval;

}

public int getMaxInactiveInterval() {

return inactiveInterval;

}    

// XXX

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

// from this while we are reaping. This isn't the most optimal

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

synchronized void reap() {

Enumeration enum = appSessions.keys();

while (enum.hasMoreElements()) {

Object key = enum.nextElement();

ApplicationSession appSession =

(ApplicationSession)appSessions.get(key);

appSession.validate();

}

}

}

• Expiration des sessions 
dans org.apache.tomcat
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Limites de la POO

• Fonctionnalités transversales
– Code entrelacé avec le reste de l’application

• Dispersion du code
– Interaction entre les objets est réalisée par 

l’invocation de méthode
– L’implémentation d’une méthode est clairement 

localisée
– Par contre, l’invocation (l’utilisation) est dispersée 

dans toutes les classes appelantes
• Que se passerait-il si Sun modifiait System.out.println() en 

System.out.printLn() ?
– � problèmes de maintenance et d’évolution du code
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Problème du code entrelacé et 
dispersé

• Code redondant
– Le même morceau de code est dupliqué dans de 

nombreux endroits

• Difficile à maîtriser
– Pas de structure explicite
– Pas de lien explicite entre les différents morceaux

• Difficile à changer
– Trouver toutes les classes à modifier (sans en oublier)
– Trouver le code à modifier dans les classes
– Tout modifier de façon identique



fabien.romeo@fromeo.fr 11

Apports de la POA

• Fournit un moyen de rassembler dans un aspect 
du code qui, autrement, serait dispersé au sein 
d’une application

• Un aspect est une entité logicielle qui capture 
une fonctionnalité transversale à une application 
(crosscutting structure)

• En résumé, la POA est une solution
– à l’implémentation des fonctionnalités transversales
– aux phénomènes de dispersion du code
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Motivation

(cf. http://video.google.com/videosearch?q=Kiczales)
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On veut construire une application 
de dessin

(ex : www.JHotDraw.org)
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En conception orientée objet

• On décompose en 
objets :
– Points
– Lignes
– Surfaces de dessin
– Composants GUI
– …

Display

2Point

getX()
getY()
setX(int)
setY(int)
moveBy(int, int)

Line

getP1()
getP2()
setP1(Point)
setP2(Point)
moveBy(int, int)

Shape

moveBy(int, int)

*
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class Point extends Shape {

private int x = 0, y = 0;

int getX() { return x; }

int getY() { return y; }

void setX(int x) {    

this.x = x;

}

void setY(int y) {    

this.y = y;

}

}

1Display

2Point

getX()
getY()
setX(int)
setY(int)
moveBy(int, int)

Line

getP1()
getP2()
setP1(Point)
setP2(Point)
moveBy(int, int)

Shape

moveBy(int, int)

*

• Bonne correspondance 
entre code et design
– Si on veut changer le 

fonctionnement d’un 
point, on modifie la 
classe Point

– Si on veut ajouter une 
forme, on ajoute une 
classe dérivée de Shape

– …
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Mais où se trouve le pattern 
Observer ?

class Point extends Shape {

private int x = 0, y = 0;

int getX() { return x; }

int getY() { return y; }

void setX(int x) {    

this.x = x;

display.update(this);

}

void setY(int y) {    

this.y = y;

display.update(this);

}

}

1

Display

2Point

getX()
getY()
setX(int)
setY(int)
moveBy(int, int)

Line

getP1()
getP2()
setP1(Point)
setP2(Point)
moveBy(int, int)

Shape

moveBy(int, int)

*
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Mais où se trouve le pattern 
Observer ?

class Point extends Shape {

private int x = 0, y = 0;

int getX() { return x; }

int getY() { return y; }

void setX(int x) {    

this.x = x;

display.update(this);

}

void setY(int y) {    

this.y = y;

display.update(this);

}

}

1

Display

2Point

getX()
getY()
setX(int)
setY(int)
moveBy(int, int)

Line

getP1()
getP2()
setP1(Point)
setP2(Point)
moveBy(int, int)

Shape

moveBy(int, int)

*
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Solution : la POA

aspect ObserverPattern {

private Display Shape.display;

pointcut change():

call(void figures.Point.setX(int))

|| call(void Point.setY(int))

|| call(void Line.setP1(Point)) 

|| call(void Line.setP2(Point))

|| call(void Shape.moveBy(int, int));

after(Shape s) returning: change()

&& target(s) {

s.display.refresh();

}

}

ObserverPattern

1

Display

2Point

getX()
getY()
setX(int)
setY(int)
moveBy(int, int)

Line

getP1()
getP2()
setP1(Point)
setP2(Point)
moveBy(int, int)

Shape

moveBy(int, int)

*
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Le code ressemble au design

aspect ObserverPattern {

private Display Shape.display;

pointcut change():

call(void Shape.moveBy(int, int))

|| call(void Shape+.set*(..));

after(Shape s) returning: change()

&& target(s) {

s.display.refresh();

}

}

ObserverPattern

1

Display

2Point

getX()
getY()
setX(int)
setY(int)
moveBy(int, int)

Line

getP1()
getP2()
setP1(Point)
setP2(Point)
moveBy(int, int)

Shape

moveBy(int, int)

*
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TP

• Installation du plugin Eclipse AJDT
• HelloWorld avec AspectJ

– http://www.eclipse.org/ajdt/demos/HelloWorld
AspectJ.html

• Utilisation des vues AspectJ
– Cross references

• Utilisation du Visualiser
• 1er exemple de [PRS]
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TP : gestion de commande [PRS]

• L’application gestion de commande permet à un 
client d’ajouter des articles à une commande 
puis d’en calculer le montant.

• Les références et les prix des articles sont 
stockés dans un catalogue.

• 3 classes
– Customer
– Order
– Catalog
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TP: Customer

package aop.aspectj;

public class Customer {

/**

* L'activite du client.

*/

public void run() {

Order maCommande = new Order();

maCommande.addItem("DVD",1);

maCommande.addItem("CD",2);

double montant = maCommande.computeAmount();

System.out.println("Montant de la commande : "+montant+" euros");

}

public static void main(String[] args) {

new Customer().run();

}

}
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TP: Orderpackage aop.aspectj;

import java.util.HashMap;

import java.util.Iterator;

import java.util.Map;

public class Order {

private Map articles = new HashMap();

public void addItem( String reference, int quantite ) {

articles.put(reference,new Integer(quantite));

System.out.println(

quantite+" article(s) "+reference+" ajoute(s) a la commande");

}

public double computeAmount() {

double montant = 0.0;

for (Iterator iter = articles.entrySet().iterator(); 
iter.hasNext();) {

Map.Entry entry = (Map.Entry) iter.next();

String article = (String) entry.getKey();

Integer quantite = (Integer) entry.getValue();

double prix = Catalog.getPrice(article);

montant += prix*quantite.intValue();

}

return montant;

}

}
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TP: Catalog

package aop.aspectj;

import java.util.HashMap;

import java.util.Map;

public class Catalog {

private static Map tarif = new HashMap();

static {

tarif.put( "CD", new Double(15.0) );

tarif.put( "DVD", new Double(20.0) );

}

public static double getPrice( String reference ) {

Double prix = (Double) tarif.get(reference);

return prix.doubleValue();

}

}
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TP: TraceAspect

package aop.aspectj;

import java.util.Date;

import java.util.Map;

public aspect TraceAspect {

/**

* Cette coupe est tres detaillee puisque seuls les appels a la methode

* dont la signature est citee sera tracee.

*/

pointcut toBeTraced():

call( public void aop.aspectj.Order.addItem(String,int) );

/**

* Code advice qui affiche les messages de trace.

*/

void around(): toBeTraced() {

System.out.println("-> Avant appel addItem");

proceed();

System.out.println("-> Apres appel addItem");

}

}
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TP: TraceAspect2

package aop.aspectj;

import java.util.Date;

import java.util.Map;

public aspect TraceAspect2 {

/**

* Cette coupe capture les appels a toutes les methodes de la classe Order.

*/

pointcut toBeTraced(): call( * aop.aspectj.Order.*(..) );

/**

* Code advice qui affiche les messages de trace.

*/

Object around(): toBeTraced() {

System.out.println("-> Avant appel");

Object ret = proceed();

System.out.println("-> Apres appel");

return ret;

}

}
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TP: TraceAspect3
public aspect TraceAspect3 {

pointcut toBeTraced(): call( * aop.aspectj.Order.*(..) );

/**

* Code advice qui affiche les messages de trace et

* les informations sur l'introspection des points de jonction.

*/

Object around(): toBeTraced() {

String methodName = thisJoinPoint.getSignature().getName();

Object[] args = thisJoinPoint.getArgs();

Object caller = thisJoinPoint.getThis();

Object callee = thisJoinPoint.getTarget();

System.out.println("-> Debut methode "+methodName);

System.out.print("-> "+args.length+" parametre(s) ");

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

System.out.print( args[i]+" " );

}

System.out.println();

System.out.println("-> "+caller+" vers "+callee);

Object ret = proceed();

System.out.println("<- Fin methode "+methodName);

return ret;

}

}



Concepts de la POA
et mise en œuvre avec AspectJ



fabien.romeo@fromeo.fr 30

AspectJ

• Un langage pour la POA
– Extensions syntaxiques de Java (aspect, pointcut, 

call, execution, before, after, …)
– Définir des règles de métaprogrammation : 

modifications de l’architecture et du comportement

• Open Source (projet Eclipse)

• Outils AJDT
– Tisseur d’aspects (compilateur)
– Cross references
– Visualizer
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Possibilités d’AspectJ

• Sur l’architecture
– Modification de la structure statique du système 

(classes, interfaces, …)
– Ajout d’attributs et méthodes

• Sur le comportement
– Ajout d’un nouveau comportement à l’exécution 

« normale » du programme
– Etendre ou remplacer une opération
– Action effectuée avant/après l’exécution de certaines 

méthodes ou la gestion d’exception (catch)



fabien.romeo@fromeo.fr 32

4 concepts de base
• Aspect

– Entité logicielle qui capture une fonctionnalité transversale
– Coupe(s) associée(s) à un advice

• Point de jonction (join point)
– Point dans le flot d’exécution du programme

(ex : appel de méthode, lecture d’attribut, …)

• Coupe (pointcut)
– Ensemble de points de jonction
– Quantification sur le programme (* .. +)

(ex : coupe d’appel d’un ens. de méthodes)

• Greffon (advice)
– Le comportement d’un aspect (code)
– Différents types selon le moment d’insertion

(ex : before, around , after, …)
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Aspect

aspect log {

pointcut traceMethode() :

call (void Figure.set*(int))  ||

execution (!public static*com.xerox.*.*.*(..));

before() : traceMethode():

{ System.out,println("..");     }

}

Advice

Coupe

• Chaque advice est associé à une coupe
• Plusieurs coupes et advices par aspect



fabien.romeo@fromeo.fr 34

Types de points de jonction
• Méthodes

– call : appel d’une méthode
– execution : execution d’une méthode

• Données
– get : lecture d’un attribut
– set : affectation d’une valeur à un attribut (écriture)

• Constructeurs
– initialization : instanciation d’un objet par un constructeur
– preinitialization : instanciation par un constructeur avant l’appel à

super

• Initialisation statique de classe
– staticinitialization : initialisation d’une classe après chargement

• Exceptions
– handler : gestion d’une exception avec catch
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Coupes

• Syntaxe
– [mode_acces] pointcut nom_pointcut([args]) : definition_pointcut

• Exemple
– public pointcut printCall() : call (void Communicator.print(..))
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Opérateurs de coupe

• * n’importe quel caractère sauf .
• .. n’importe quel niveau de sous-package
• .. n’importe quel profil de méthode
• + n’importe quelle sous-classe
• && || ! et, ou , non
• withincode(method) Tout PJ dans method
• within(class) Tout PJ dans class
• this(class)    PJ dont la source est de type class
• target(class)   PT dont la cible est de type class
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Advices

• Syntaxe
– specification_advice([args]):nom_pointcut([args]) {

// code de l’advice
}

• Exemple
– before() : printCall() {

System.out.println("before printCall()");
}
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Types d’advice

• before()
– Avant chaque point de jonction

• after() returning
– Après chaque terminaison normale des points de jonction

• after() throwing
– Après chaque terminaison anormale des points de jonction 

(levée d’une exception)
• after()

– Après chaque terminaison normale ou anormale des points de 
jonction

• around()
– Avant et après chaque point de jonction
– Délimitation avant/après avec le mot-clé proceed()
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Introduction de code
(inter-type definition)

• Possibilité d’étendre le comportement 
d’une application en ajoutant des éléments
– Attributs, méthodes et constructeurs

– Héritage et implémentation d’interface
– Exceptions

• Pas de condition pour l’introduction 
contrairement aux advices (coupe)



fabien.romeo@fromeo.fr 40

Introduction de code :
attributs, méthodes et constructeurs

• But : étendre des classes par injection 
d’attributs, de méthodes, de constructeurs

class Facture { ... }

aspect Horodateur {

private Date Facture.date;

public void Facture.setDate(Date date) { this.date=date; }

public Date Facture.getDate() { return date; }

public Facture.new(Date date) { this.date=date; }

after(): initialization(Facture.new(..)) {

Facture maFacture = (Facture) thisJoinPoint.getTarget();

maFacture.date = new Date();

}

}
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Introduction de code :
héritage et implémentation d’interface

• But : étendre des classes par injection de super-classe, 
de super-interface

aspect HorodateurBis {

declare parents: Facture implements HorodateurItf;

declare parents: Facture extends UnicastRemoteObject;

}
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Introduction de code :
exceptions

• But : ajout d’un gestionnaire d’exception
• Les exceptions de l’application sont 

encapsulées dans une exception de type 
org.aspectj.lang.SoftException

• Ex :
declare soft: IOException+: call(* InputStream.*(..));
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Fonctionnalités avancées :
héritage et aspects abstraits

• Aspect abstrait : permet de découpler coupe et advice

abstract aspect AbsLog {

abstract pointcut toBeTraced();

Object around(): toBeTraced() { ... }

}

aspect MyLog extends AbsLog {

pointcut toBeTraced(): Command.new(..);

}
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Fonctionnalités avancées :
composition d’aspect

• Que se passe-t-il si plusieurs aspects 
interviennent sur un même point de jonction ?

• Ordonnancement explicite
aspect OrdreGlobal {
declare precedence: Authentication, Log;

}

aspect Authentication { ... }

aspect Log { ... }

• Ordonnancement implicite (cf.doc)
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Références
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– http://www.eclipse.org/aspectj/doc/released/quick5.pdf
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Applications de la POA
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Design Patterns & POA

• Avantages de la POA
– Localisation

• Code contenu au sein d’aspects

– Réutilisation
• Factorisation du code et meilleure abstraction

– Composition
• Possibilité de faire participer un même objet à plusieurs 

patterns de façon transparente

– Adaptabilité
• Lien moins fort entre application et design patterns utilisés, 

paramétrage pour l’activation/désactivation
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Singleton pattern

public class Singleton {

private static Singleton uniqueInstance;

// other attributes...

private Singleton() {}

public static Singleton getInstance() {

if (uniqueInstance == null) {

uniqueInstance = new Singleton();

}

return uniqueInstance;

}

// other methods...

} 

public static void main(String[] args) {

Singleton singleton;

singleton = Singleton.getInstance();

}
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Singleton Aspect
public abstract aspect AbstractSingletonAspect {

private Object singleton = null;

abstract pointcut singletonPointcut();

Object around(): singletonPointcut() {

if (singleton == null) {

singleton = proceed();

}

return singleton;

} 

}

public static void main(String[] args) {

MyClass myClass = new MyClass();

}

public aspect SingletonAspect extends AbstractMultipleSingletonAspect {

pointcut singletonPointcut() : call(MyClass.new(..));

}

Pourquoi un aspect abstrait ?

Un aspect est lui-même un 
singleton, donc un aspect concret 
serait partagé par toutes les 
classes à transformer en 
singleton.

Il faut ensuite un aspect concret 
par classe à transformer.
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Singleton Aspect
public abstract aspect SingletonPattern {

private Hashtable singletons = new Hashtable();

public interface Singleton {}

pointcut selectSingletons(): call((Singleton+).new(..));

Object around(): selectSingletons() {                    

Class singleton = thisJoinPoint.getSignature().getDeclaringType(); 

if (singletons.get(singleton) == null) {

singletons.put(singleton, proceed()); 

}

return (Object) singletons.get(singleton);

} 

}

public static void main(String[] args) {

MyClass myClass = new MyClass();

MyClass myOtherClass = new MyOtherClass();

}

public aspect SingletonInstance extends SingletonPattern { 

declare parents: MyClass implements Singleton;

declare parents: MyOtherlass implements Singleton;

}
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Singleton Aspect
public abstract aspect SingletonPattern {

private Hashtable singletons = new Hashtable();

public interface Singleton {}

public interface NonSingleton {}

pointcut selectSingletons(): call((Singleton+).new(..));

pointcut excludeNonSingletons(): !call((NonSingleton+).new(..));

Object around(): selectSingletons() && excludeNonSingletons() {                    

Class singleton = thisJoinPoint.getSignature().getDeclaringType(); 

if (singletons.get(singleton) == null) {

singletons.put(singleton, proceed()); 

}

return (Object) singletons.get(singleton);

} 

}

public aspect SingletonInstance extends SingletonPattern { 

declare parents: MyClass implements Singleton;

declare parents: SpecializedMyClass implements NonSingleton;

}
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IBM : AOP@Work

• Adapter & Decorator patterns

• http://www.ibm.com/developerworks/java/library/j-aopwork5/

• Observer pattern

• http://www.ibm.com/developerworks/library/j-aopwork6/
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Adapter pattern
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Adapter pattern

(version sans héritage multiple)
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Adapter pattern
• Un vehicule spatial avec des capteurs non modifiables 

(bytecode)

public class TemperatureGauge {

public int readTemperature(){

//accesses sensor internals

}

} 

public class RadiationDetector {

public double getCurrentRadiationLevel (){

//read radiation somehow

}

} 

• On veut un rapport d’état de tous les capteurs

Readout:

Sensor 1 status is OK

Sensor 2 status is OK

Sensor 3 status is BORDERLINE

Sensor 4 status is DANGER!
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Adapter pattern
• Implémentation désirée du rapport d’état

public static void main(String[] args){

RadiationDetector radiationDetector = //find critical detector

TemperatureGauge gauge = //get exhaust nozzle gauge

List allSensors = new ArrayList();

allSensors.add(radiationDetector);

allSensors.add(gauge);

int count = 1;

for (Sensor sensor : allSensors) {

//How to read each type of sensor...?

}

}

if(this.readTemperature() > 160){

return "DANGER";

}

return "OK"

• Modifications sur les capteurs : comment ajouter une 
méthode getStatus()?
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Adapter pattern
• Interface commune aux capteurs (Target du pattern)

for (StatusSensor sensor : allSensors) {

System.out.print("Sensor " + count++);

System.out.println(" status is " + sensor.getStatus());  

}

public interface StatusSensor {

String getStatus();

}

• Implémentation du rapport d’état (Client du pattern)
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Adapter pattern
• Adapters et code glue du client

//Adapter classes

public class RadiationAdapter implements StatusSensor {

private final RadiationDetector underlying;

public RadiationAdapter(RadiationDetector radiationDetector) {

this.underlying = radiationDetector;

}

public String getStatus() {

if(underlying.getCurrentRadiationLevel() > 1.5){

return "DANGER";

}

return "OK";

}

}

public class TemperatureAdapter implements StatusSensor {

//...similar

}

//glue code to wrap each sensor with its adapter...

allSensors.add(new RadiationAdapter(radiationDetector));

allSensors.add(new TemperatureAdapter(gauge));
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Adapter pattern
• AspectJ Adapter : les capteurs implementent l’interface 

StatusSensor
public aspect SensorAdapter {

declare parents : TemperatureGauge implements StatusSensor;

declare parents : RadiationDetector implements StatusSensor;

}

public String TemperatureGauge.getStatus() {

if(this.readTemperature() > 160) {

return "DANGER";

}

return "OK";

}

• AspectJ Adapter : les capteurs doivent implémenter les 
méthodes de l’interface StatusSensor (getStatus())

• AspectJ Adapter : pas besoin de code glue,
les capteurs sont directement adaptés
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Observer pattern (cours COO)
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Observer pattern (GoF)
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Observer pattern
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Exemple : Triplet

• Participants
– Subject / ConcreteSubject :

• class Triplet

– Observer :
• interface Affichage

– ConcreteObservers :
• class AffichageCamembert
• class AffichageValeurs
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Triplet.java
package tripletObserver;

class Triplet {

private int int_a;

private int int_b;

private int int_c;

public Triplet(int int_pA, int int_pB, int int_pC) {

int_a = int_pA; int_b = int_pB; int_c = int_pC;

}

void setA(int int_pA) { this.int_a = int_pA; /* ... */ }

void setB(int int_pB) { this.int_b = int_pB; /* ... */ }

void setC(int int_pC) { this.int_c = int_pC; /* ... */ }

int getA() { return this.int_a; }

int getB() { return this.int_b; }

int getC() { return this.int_c; }

/* Plus code du pattern Observer... */

}
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Affichage.java

package tripletObserver;

interface Affichage {

public void notifier();

}
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AffichageCamembert.java
package tripletObserver;

class AffichageCamembert extends JPanel implements Affichage {

private Triplet triplet;

public AffichageCamembert(Triplet pTriplet) {

/* init ... */ 

}

public void paint(Graphics g) {

/* affichage des valeurs du Triplet sous forme de 
camembert... */

}

public void notifier() {

// on force le redessin de la zone de dessin

this.repaint();

}

}
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AffichageValeurs.java
package tripletObserver;

class AffichageValeurs extends JLabel implements Affichage {

private Triplet triplet;

public AffichageValeurs(Triplet pTriplet) {

/* init... */

}

public void afficher() {

/* affichage des valeurs du Triplet dans le label... */

}

public void notifier() {

// on met à jour le texte dans le label

this.afficher();

}

}
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Observer pattern avec Java
• Package java.util (cf. next slide)

– interface Observer
– class Observable

• Pour créer un observer
– Implémenter l’interface Observer
– Appeler addObserver() sur un objet Observable

• Pour créer un subject
– Étendre la classe Observable

• Pour que le subject envoie les notifications
– 1. appeler setChanged()
– 2. appeler une des deux méthodes notifyObservers() :

• PULL : notifyObservers()
• PUSH : notifyObservers(Object arg)

• Pour que l’observer reçoive les notifications
– Implémenter la méthode update(Observable o, Object arg)
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Observer pattern avec Java
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Devoir à rendre

• A partir de l’application Triplet, réalisez une 
version aspectisée du pattern Observer, suivant:
– l’implémentation proposée en cours de COO
– l’implémentation fournie dans java.util

• Utilisez sur l’application Triplet, la version 
« générique » du pattern Observer fournie avec 
AspectJ (utilisation des aspects abstraits)
– Voir Project/AspectJ/AspectJ Examples/Observer Example

• Modifiez la version « générique » d’AspectJ pour 
réaliser une implémentation utilisant java.util et 
fonctionnant sur l’application Triplet
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Fichier texte à lire.

FileInputStream est le 
composant décoré.

LineNumberInputStream 
est un décorateur concret. 
Il ajoute la possibilité de 
compter le nombre de 
lignes lues.

BufferedInputStream est 
un décorateur concret. Il 
augmente le comportement 
en ajoutant un buffer et la 
méthode readLine().

FileInputStream et 
FilterInputStream (le 
décorateur abstrait) étendent
la classe InputStream (le 
composant abstrait).
BufferedInputStream et 
LineNumberInputStream (les 
décorateurs concrets) 
étendent FilterInputStream.

Decorator pattern
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Decorator pattern


