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Last lecture and tutorial …

Software Quality Measurements

• We have shown the use of quality
measurements to monitor the progress of
software development

• The development/restructuring
(maintenance) activities (refactoring,
tuning, adding features) can be guided by
the metrics of softgoals
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Today …

On Aspect Orientation
• Today we explain the paradigm of aspect-

orientation
1. Concepts: What are aspects?
2. Practices: Aspect-orientation at large

– AOP: Aspect-oriented programming
– AOSD: Aspect-oriented software development
– AORE: Aspect-oriented requirements

engineering
– AOSR: Aspect-oriented software reuse (probably

next lecture)
3. A case study of AORE
4. Summary
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1. What are aspects?
1. Some design principles

• Divide and conquer: problem solving/design principle
• Modularization: high cohesion/low coupling

Separation of concerns
• DRY: Don’t Repeat Yourself

Increase the fan-in
2. Previous paradigms

• 70s – 80s:
Structured programming (Goto’s considered harmful) =>
Structured Analysis, Structured Design

• 80s – 90s:
Object-oriented programming (OOP) =>
OOA/OOD => UML

3. Why another paradigm ?
• Since late 90s …

Separation of the crosscutting concerns
4. What are aspects?

– Modularizing the crosscutting concerns
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1.1 Some design principles

Structured programming
• What is structured program?

– A program has no more GOTO’s
– Only three kinds of structure prevails

• Sequential
• If-then-else
• Loops

[Dijkstra: Goto considered harmful]
– In other words, every statement block has single-entry, single-exit as

Hammock Graph
[Weiser: Program slicing]

• “Whenever possible, we wish to maximize fan-in during the design
process. Fan-in is the raison d’être of modularity. Each instance of
multiple fan-in means that some duplicate code has been avoided.”
raison d'être: grounds for existence
(http://www.french-linguistics.co.uk/dictionary/)
[Yourdon & Constantine79] Structured Design (pg. 172, see also

http://wwwpa.win.tue.nl/wstomv/quotes/structured-design.html)
[parnas: Modularization, information hiding]
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(1) A decomposition hierarchy from abstract to concrete:
Divide and Conquer, Structured Design;

(2) Don’t Repeat Yourself, Factoring / Refactoring …
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Example

SCAN

VALUE

REMOVALL

MOVE UNTIL

FIND

STRINGCOMP

Yourdon & Constantine, SD, pg.168
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1.1 Some design principles

Object-oriented programming
• Everything is an object (Smalltalk)
• Information hiding / Encapsulation: object

groups related data and the operations on the
data into a module

• Object has structural relationships:
– inheritance: generalization / specialization:

isA/instanceOf
– aggregation : hasA / isPartOf
– associations: 1-to-many, 1-to-1, many-to-many

• In the end, the structurally-related objects are
packaged into components
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1.2 Aspect-orientation
• Component language

(any structured or OO language, even
corresponding design and requirements
specification)

• What are crosscutting concerns?
• An aspect language

– What are joinpoints?
– What are pointcuts?
– What are advices?

• A weaving mechanism
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Aspect concepts

• Concepts:
cross-cutting,
component, aspect,
join points, weaving

AOP hides the join points

AspectC
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AOP (THE MAGIC)

SCAN

VALUE

REMOVALL

MOVE UNTIL

FIND

STRINGCOMP
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AOP (NOT REALLY MAGIC)

SCAN

VALUE

MOVE UNTIL

FIND

STRINGCOMP

REMOVALL
FIND: AT LINE 5

VALUE: AT LINE7

SCAN: AT LINE 15

MOVE UNTIL: AT LINE 8

REMOVALL: AT LINE 2
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AOP example
/*
* ====================================================================
*

* 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();

}
}

}

/*
* ====================================================================
*

* 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 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.

*/

// 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 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.

*/

/**
* 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.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 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

/**

* 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;

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();
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 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

/**

* 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();
}

}

}

StandardManager StandardSessionManager
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

// 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 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)) {
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 int inactiveInterval = -1;

ServerSession(String id) {

this.id = id;
}

public String getId() {
return id;

}

public long getCreationTime() {
return creationTime;

}

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 validate()

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();

}
}

}

private long lastAccessed = creationTime;
private int inactiveInterval = -1;

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();

}
}

}

public long getLastAccessedTime() {

if (valid) {
return lastAccessed;

} else {

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

throw new IllegalStateException(msg);
}

}

public long getLastAccessedTime() {
return lastAccessed;

}

private long lastAccessed = creationTime;

void accessed() {
// set last accessed to thisAccessTime as it will be left over

// from the previous access

lastAccessed = thisAccessTime;
thisAccessTime = System.currentTimeMillis();

}

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);

}
}

}

private long lastAccessedTime = creationTime;

/**

* 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);

}

this.lastAccessedTime = time;

/**
* 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;

}

lastAccessedTime = 0L;

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

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

stream.writeObject(new Long(lastAccessedTime));

sM.accessed(ctx, request, sessionId );

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 );
}

/**
* 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();

}
}

/**

* 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 );

}
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Stan Wagon’s bike
My square-wheel
bike, on permanent
display at Macalester
College. This
construction, believe
it or not, earned me
an entry in "Ripley's
Believe It or Not";
beats standing in a
block of ice for three
days or growing
three-foot long
fingernails.

--
http://www.stanwago
n.com

Stan Wagon
(wagon@macalester.e
du), Prof. of
Mathematics and
Computer Science,
Macalester College,
St. Paul, Minnesota
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2. Aspect-orientation at large

2.1 Aspect-oriented Programming
• It permeates into almost every popular

high-level programming languages
• Java

Hyper/J, AspectJ, AJDT, JBoss
• C/C++/C#

AspectC/C++, C#
• PHP

AOPHP, AspectPHP
… and many many more: see AOSD.NET

Spring 2005 ECE450H1S Software Engineering II

Every AOP mechanism
has to support

• Definition and representation of aspects
– Definition of Advices in the component language
– Definition of Joinpoints in regular expressions

• Optionally, they can introduce new data members, changing the
structures of components

– Representation: New keywords, New directives, XML, but never
change the code of components directly

• Implementing a weaver
– As preprocessor => generates woven components in the

component language (AspectC, AOPHP)
– As instrumenting compiler => generates woven components in

the bytecode for the languages supporting reflection (AspectJ)
– As interpretator => interpreting the woven code on-the-fly

(AspectPHP)
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2. Aspect-orientation at large

2.2 Aspect-Oriented SD

• AO includes the whole lifecycle of SE
– http://www.aosd.net

• There is a conference AOSD
• There are workshops on Early Aspects at AOSD,

OOPSLA, ICSE
• Hot topics related to all other SD technologies

– Aspect-oriented Refactoring
– Aspect Mining
– Aspect-oriented Debugging
– Aspect-oriented Testing
– Aspect-oriented Slicing
– Aspect-oriented Model Checking

…
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2. Aspect-orientation at large

2.3 Aspect-Oriented RE

• Lessons learnt from success stories
– SP => SA
– OOP => OOA
– Why not AOP => AOA?

• Separation of crosscutting concerns earlier
• Avoid duplication as early as possible
• Identify aspects before mining them from code

• Discover aspects in the early requriements
– From structured requirement documents
– From unstructured (textual) documents

• Verify discovered (candidate) aspects in AOP
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3. A Case Study on AORE
1. Quickly go through goal-oriented

requirements engineering basics
2. A requirements engineering process to

elicit early aspects (goal aspects)
3. A reverse engineering exercise to

identify candidate aspects (code
aspects)

4. Linking goal aspects with code aspects
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3.1 Requirements Goal Models
• A goal model is an intentional model
• A goal can be decomposed into AND or OR

subgoals

• A goal model has both hard and soft goals
– A hard goal can be either satisfied or denied
– A soft goal is partially satisfied => satisficed

• Soft goal uses HELP (+), HURT (-), MAKE (++)
or BREAK (--) correlations to show partial
satisfaction (satisfice) from a set of subgoals
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3.1.1 Hard goal model
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3.1.2 Soft goal model
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T: satisfied
F: denied
U: unknown

Text Editor SMTP

AND

Get Reliable
Reply

Get Reliable
Reply

FS: Fully satisfied
PS: Partially satisfied
UN: Unknown
PD: Partially denied
FD: Fully denied
CF: ConflictGoal:

Contact a Friend

Goal:
Email a Friend

Goal:
Mail a Friend

Goal:
Call a Friend

++: MAKE

+: HELP --: BREAK
OR

++: MAKE

3.1.3 Goal-Oriented
Requirements Analysis
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T: satisfied
F: denied
U: unknown

Text Editor SMTP

AND

Get Reliable
Reply

Get Reliable
Reply

FS: Fully satisficed
PS: Partially satisficed
UN: Unknown
PD: Partially denied
FD: Fully denied
CF: ConflictGoal:

Contact a Friend

Goal:
Email a Friend

Goal:
Mail a Friend

Goal:
Call a Friend

OR

++: MAKE

++: MAKE

+: HELP --: BREAK
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3.1.4 V-graph

In order to reason about interplay of
functional and non-functional
requirements, we create a particular type
of goal model, called V-graph
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3.2 The Process
– Start from root-level goals and soft goals,

correlate and decompose them into a V-graph

– A goal analysis based on the label
propagation algorithm is used to check for:
• Conflicts

• Inconsistencies
• Denial of any goal or soft goals

– After resolving the problems, a proper V-
graph is obtained

– Then we list the candidate aspects from the
V-graph
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Consistent

tasks

goals soft
goals

goals soft
goals

tasks

root
goal

soft
goals

list objectives

No conflict

goals soft
goals

tasks

list
aspects

V model

aspects

Satisfied &
satisficed

correlation

decompose

soft
goals
soft
goals

correlate

decompose

resolve
conflict

decompose
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3.3 A Case Study
• Medi@Shop adapted from literature:

Castro, Kolp, Mylopoulos, Towards
requirements-driven information systems
engineering: the Tropos project, Journal of
Information Systems, 2002.
Can we find aspects from early requirements?

• osCommerce studied from an LAMP (Linux,
Apache, MySQL, PHP) Open-Source project:
(http://www.oscommerce.com)
Do they manifest in the developed software?

Spring 2005 ECE450H1S Software Engineering II

osCommerce (version 2.2m2)
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Duplications in code
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Candidate code aspects in the code
Clone detection (by Semantic Design,Inc)

3

22

15

4

76

2

559

1

1

LOC Need refactoring?Code description#clones

Norequire($path . $file);319

Yes (NFR)Set HTML head CHARSET64

Yes (FR/NFR)require(application_top.php);
SSL check

10

Yes (FR)Postal code zone check15

Yes (NFR)messageStack->add ($error);67

Noclass mime;2

Nodefine ($variable, $value);292

Noclass email;2

Noecho $expression;260
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3.4 Identifying goal aspects
Correlate initial goals and softgoals

T1T0
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Inconsistent decomposition

T1 T2
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T3

Resolving inconsistency

T2
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Further decomposition

T3 T4
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Further…

T5 Spring 2005 ECE450H1S Software Engineering IIT6
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T7

Resolving Conflicts

T6
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Result candidate aspects
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Goal Aspects
goal aspect Responsiveness[transaction] {

pointcut transaction():
Preparing[cart,product]) ||

CheckingOut[cart, product, account, stock]);
required () by: transaction() {

SessionCookie[transaction]();
}

};
• AspectJ-like syntax
• Allow weaving the operationalized tasks with goals

specified in the pointcut
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Your exercise
• Reverse Engineering

Identify some aspects in the OpenOME
– Clone-detection or Callgraph extraction

– Goal analysis

• Forward Engineering
– Implement some new NFR through AspectJ
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4. Summary
• The concepts of aspect-orientation
• The practise of AOP, AOSD, AORE,

AOSR
• A Case study of AORE
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1241:220--242, Oct. 1997.

[AORefactoring] C. Zhang, H.-A. Jacobsen.
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What’s next …
• A tutorial on aspect-oriented programming

tools
– AspectJ

– Eclipse/AJDT
– Visualizing Aspects

– Aspect mining tool

• A lecture on (aspect-oriented) Software
Reuse
– Q7 in the OpenOME


