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20 - Design & Implementation

• Readings:

• XP

•Extreme Programming Explained, Kent Beck Addison
Wesley 1999

•Refactoring: Improving the Design of Existing Code,
Martin Fowler, Addison Wesley 1999

•http://www.extremeprogramming.org

•http://www.xp2001.org

• AOP

•Aspect-Oriented Programming with AspectJ™ Erik
Hilsdale, Gregor Kiczales (with Bill Griswold, Jim
Hugunin, Wes Isberg, Mik Kersten),
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Strategy - where are we?

• made an initial attempt at defining the architecture
• defined the major elements of our system

• the subsystems, their interfaces, the design classes, the processes
and threads

• relationships & how these elements map into the hardware on which
the system will run.

• Now, concentrate on
• making sure that there is consistency from beginning to end of use

case implementation, i.e., that nothing has been missed (i.e., this is
where we make sure that what we have done in the previous design
activities is consistent with regards to the use case implementation).

• we do some Use Case Design before Subsystem Design
• Subsystem Design, Class Design and Use Case Design activities

are tightly bound and tend to alternate between one another.
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Design Element Interactions
(Register For Courses - Set-Up)

Give current user context 
wide open access

No Conflict

 : RemoteRegistration
Controller

 : MainStudent
Form

 : Maintain
ScheduleForm

 : Registration
Controller

 : NamingClientSchedule 
: Schedule : Student

2: open( )
3: new(SecureUser)

5: setSession(SecureUser)

4: lookup("RemoteRegistrationController")

1: registerForCourses( )

6: selectCurriculum( )

7: getOfferings(curriculum)
8: getOfferings(curriculum)

10: displayOfferings( )

11: new(Student)

 : ICourse
Catalog

9: getOfferings(curriculum, semester)

12: displaySchedule()
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serverclient

Design Classes Relationships

1

MainStudentForm

+ registerForCourses()

(from Student Interface)

<<boundary>>

ICourseCatalog

(from CourseCatalog)

<<Interface>>

RemoteRegistrationController

+ getOfferings(curriculum)
+ notifyOfferingSelection(offering : CourseOffering)
+ saveSchedule(theSchedule : Schedule)

(from Registration)

1

1

Naming

+ lookup()

(from java.rmi)

RegistrationController

getOfferings(curriculum)
notifyOfferingSelection(offering : CourseOffering)
new(context : SecureUser)
saveSchedule(sched : Schedule)
cancelSchedule(sched : Schedule)

<<control>>

1

1

Schedule
<<entity>>

1

0..1

MaintainScheduleForm

displayOfferings()
selectCurriculum() : Curriculum
selectOffering() : CourseOffering
save()
cancel()
update(changedItem : ISubject)
displaySchedule()

<<boundary>>

1 1

0..1

0..1

0..1

View of Participating Classes (VOPC) diagram.

 : RemoteRegistration
Controller

 : MainStudent
Form

 : Maintain
ScheduleForm

 : Registration
Controller

 : NamingClientSchedule 
: Schedule : Student

2: open( )
3: new(SecureUser)

5: setSession(SecureUser)

4: lookup("RemoteRegistrationController")

1: registerForCourses( )

6: selectCurriculum( )

7: getOfferings(curriculum)

8: getOfferings(curriculum)

10: displayOfferings( )

11: new(Student)

 : ICourse
Catalog

9: getOfferings(curriculum, semester)

12: displaySchedule()

Register for Courses
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Deployment

Works similar to Observer.  
Cache will notify when Course 
has been retrieved

 : RemoteRegistration
Controller

 : MainStudent
Form

 : Maintain
ScheduleForm

 : Registration
Controller

 : NamingClientSchedule 
: Schedule : Student

2: open( )
3: new(SecureUser)

5: setSession(SecureUser)

4: lookup("RemoteRegistrationController")

1: registerForCourses( )

6: selectCurriculum( )

7: getOfferings(curriculum)
8: getOfferings(curriculum)

10: displayOfferings( )

11: new(Student)

 : ICourse
Catalog

9: getOfferings(curriculum, semester)

12: displaySchedule()

Subsystem Interface

Client Server
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More steps

• Annotate the sequence diagrams

• Unify classes & subsystems

•merge similar model elements

•use inheritance to abstract model elements

 : Actor1  : ClassA  : ClassB

1: Do Something

2: Do Something More
Scripts can be used to 
describe the details 
surrounding these 
messages.

Notes can include 
more information 
about a particular 
diagram element

Script

Note
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Strategy -- where are we?

• have defined subsystems, their interfaces, and their
dependencies as “containers” of complex behavior that, for
simplicity, we treat as a ‘black box’

• made an initial cut at some design classes, which have been
allocated to subsystems

• need to flesh-out the details of the internal interactions
• what classes exist in the subsystem to support?
• how do they collaborate to support, the responsibilities
documented in the subsystem interfaces?

• In Subsystem Design, we look at the responsibilities of the
subsystems in detail, defining and refining the classes that are
needed to implement those responsibilities, refining
subsystem dependencies, as needed. The internal
interactions are expressed as collaborations of classes and
possibly other components or subsystems

UUNIVERSITYNIVERSITY  OFOF M MASSACHUSETTS ASSACHUSETTS AAMHERSTMHERST    ••   D DEPARTMENTEPARTMENT  OF OF CCOMPUTER OMPUTER SSCIENCE CIENCE ••  CCMPMPSSCI 520/620 CI 520/620 FFALL 2004ALL 2004

Strategy

• need to do some Use Case Design before Subsystem
Design

• after Analysis and Architectural Design

•usually only have sketchy notions of responsibilities of
classes and subsystems

•details need to get worked out in Use Case Design,
before one is really ready to design the classes and
subsystems

• Reminder: there is frequent iteration between Use Case
Design, Subsystem Design and Class Design.
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Subsystem Design Overview

Use-Case Realization

Design Subsystems and Interfaces

Subsystem
Design

Use Case Realization

Design Subsystems and Interfaces

Design Classes
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Interface and Subsystem

• What is an interface?
•a model element which defines a set of behaviors (a set
of operations) offered by a classifier model element
(specifically, a class, subsystem or component)

• What is a subsystem?

•Contains other model elements and has behavior

•Realizes one or more interfaces

<<subsystem>>
Finance System

Financial
Transaction

FinancialTransaction
<<Interface>>

realizes
<<subsystem>>
Finance System

Recall: packages provide no behavior; they are simply containers of things which
provide behavior
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Distribute Subsystem Responsibilities

• Identify or reuse existing classes  and/or subsystems

• Allocate subsystem responsibilities to classes and/or
subsystems

• Incorporate the applicable mechanisms (e.g.,
persistence, distribution, etc.)

• Document collaborations with “interface realization”
diagrams
•1 or more sequence diagrams per interface operation

• Revisit Architectural Design
•Adjust subsystem boundaries and/or dependencies, as
needed
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Subsystem design

 : RemoteRegistration
Controller

 : MainStudent
Form

 : Maintain
ScheduleForm

 : Registration
Controller

 : NamingClientSchedule 
: Schedule : Student

2: open( )
3: new(SecureUser)

5: setSession(SecureUser)

4: lookup("RemoteRegistrationController")

1: registerForCourses( )

6: selectCurriculum( )

7: getOfferings(curriculum)
8: getOfferings(curriculum)

10: displayOfferings( )

11: new(Student)

 : ICourse
Catalog

9: getOfferings(curriculum, semester)

12: displaySchedule()

Subsystem Interface

Client Server

Flesh out
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Local Subsystem Interaction
:CourseOffering
List

Do until fetch 
returns Not
Found status

The string represents
 some criteria.  
Sometimes a more 
robust solution with 
a query object is 
used.

Get attribute values 
from raw data

 : Course
Offering

CourseCatalog
Client

 : CourseCatalog  : DBCourse
Offering

 : RDBMSTransaction  : sql

1: getCourseOfferings(string)

5: getCourseOfferings(string)

9: parseResults( )

10: new(offeringId, number, startTime, endTime, days, courseId)

2: new

3: start( )
4: startTrans( )

6: bind()

7: execsql(String)

8: fetch( )

11: add (CourseOffering)

12: commit()
13: entTrans( )

6: new()

CourseCatalog Interaction
•“looks inside” the subsystem
•one or more per subsystem

RDBMS
Retrieve

untyped object
because we don’t care
who the client is.

no time to discuss DB
design

UUNIVERSITYNIVERSITY  OFOF M MASSACHUSETTS ASSACHUSETTS AAMHERSTMHERST    ••   D DEPARTMENTEPARTMENT  OF OF CCOMPUTER OMPUTER SSCIENCE CIENCE ••  CCMPMPSSCI 520/620 CI 520/620 FFALL 2004ALL 2004

Document Subsystem Elements

CourseCatalog

+ getOfferings()

<<subsystem>>

sql

+ bind()
+ execsql()
+ startTrans()
+ commit()
+ fetch()
+ endTrans()

(from RelationalDBMS)

<<utility>>

RDBMSTransaction

+ start()
+ commit()
+ rollback()
+ new()

(from RelationalDBMS)

DBCourseOffering

+ getCourseOfferings()
+ parseResults()11

CourseOffering

+ getCourseId()
+ addStudent()
+ new()
+ getNumber()
+ getStartTime()
+ getEndTime()
+ getDays()
+ getNumStudents()
+ removeStudent()
+ update()

(from University Artifacts)

<<entity>>
0..*

1

0..*

CourseOfferingList

+ new()
+ add()

(from University Artifacts)

List
(from Base Reuse)

<CourseOffering>
<<bind>>

ICourseCatalog

1

0..*

create one or more class
diagrams showing the
elements contained by the
subsystem, and their
associations with one
another

A state diagram may be
needed to document the
possible states the
subsystem can assume
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Client Support
<<subsystem>>

Server Support
<<subsystem>>

More
flexible

Server

Client Support
<<subsystem>>

Server Support
<<subsystem>>

Server
<<Interface>>Client

(from Client Support)

Describe Subsystem Dependencies

• Subsystem layering using direct dependency

• Subsystem layering using interface dependency

Not
recommended
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Describe Subsystem Dependencies

ICourseCatalog
Registration CourseCatalog

<<subsystem>>

University 
Artifacts

RelationalDBMS
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Implementation
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XP Practices

•The Planning Game.

•Small Releases.

•Metaphor.

•Simple Design.

•Testing.

•Refactoring.

•Pair Programming.

•Collective Ownership.

•Continuous
Integration.

•40-Hours a Week.

•On-Site Customer.

•Coding Standards.
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XP Practices

• The Planning Game
• customers and developers cooperate to produce the
maximum business value as rapidly as possible.

• planning game happens at various scales, but the basic rules
are pretty much the same:

• customer comes up with a list of desired features for the system written out
as a User Story, which gives the feature a name, and describes, broadly,
what is required.

• developer estimates how much effort each story will take, and how much
effort the team can produce in a given time interval (an iteration).

• customer decides which stories to implement in what order, as well as
when and how often to produce a production releases of the system.

• Small Releases
• start with the smallest useful feature set

• release early and often, adding a few features each time

• each iteration ends in a release
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XP Practices

• System Metaphor
•each project has an organizing metaphor, which
provides an easy to remember naming convention.

• the names should be derived from the vocabulary of the
problem and solution domains

• Simple Design

•always use the simplest possible design that gets the job
done.

• the requirements will change tomorrow, so only do
what's needed to meet today's requirements.

•uses the fewest number of classes and methods
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Continuous Testing

• before programmers add a feature, they write a test for it.
when the suite runs, the job is done.

• Unit Testing
• unit tests are automated tests written by the developers to test functionality

as they write it.
• each unit test typically tests only a single class, or a small cluster of

classes.
• unit tests are typically written using a unit testing framework (e.g., junit,

parasoft).

• Acceptance Testing
• acceptance tests (functional tests) are specified by the customer to test

that the overall system is functioning as specified.  they typically test the
entire system, or some large part.

• when all the acceptance tests pass for a given user story, that story is
considered complete.

• at the very least, an acceptance test could consist of a script of user
interface actions and expected results that a human can run.

• ideally acceptance tests should be automated, either using a unit testing
framework, or a separate acceptance testing framework.
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XP Practices

• Refactoring
• purpose is to improve the design of the code for greater

comprehension, preparation for added features, ease of maintenance,
etc. without changing behavior

• refactorings include extracting methods, moving methods in an
inheritance hierarchy, etc.

• unit tests allows this to occur without danger
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Refactoring

• Why?
• cost of software change becomes higher when done late in
process.

• good design must anticipate future change. Makes design too
complex.

• design should evolve.
• Strategy

• disciplined technique for restructuring an existing body of
code.

• alter structure, behavior unchanged.
• series of small behavior preserving transformations.
• each refactoring is small, less likely to go wrong.
• system kept working after each step.

• Fowler’s catalog of common refactorings
• many refactorings can be automated
• some tools help the refactoring process..
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XP Practices

• Pair Programming
•all production code is written by two programmers sitting
at one machine; essentially, all code is reviewed as it is
written.
• Helm – at  keyboard and mouse doing implementation
• Tactician – thinking about the implications and possible
problems
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XP Project

Iteration
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XP Project

Development
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XP Practices

• Collective Code Ownership
• no single person "owns" a

module

• any developer is expect to be
able to work on any part of the
code base at any time

• improvement of existing code
can happen at anytime by any
pair

• Continuous Integration
• all changes are integrated into

the code base at least daily

• the tests have to run 100%
both before and after
integration.

• 40-Hour Work Week
• programmers go home on time.

in crunch mode, up to one
week of overtime is allowed.

• multiple consecutive weeks of
overtime are treated as a sign
that something is very wrong
with the process.

• On-Site Customer
• development team has

continuous access to a real
live customer, that is,
someone who will actually be
using the system.

• for commercial software with
lots of customers, a customer
proxy (usually the product
manager) is used instead
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XP Project

Collective
Code Ownership
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XP Project
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Extreme Programming

• an example of an agile process

• short-term emphasis

• frequent releases, no pre-design, task lists, metaphors

• customer oriented
•stories, use-cases, on-site customers, feature
negotiation

• contributions
•pair-programming, test-first

• applicability

•new, high-risk, small-to-medium projects
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Design by Contract

• Originated by Bertram Meyer (Eiffel)
• Incorporated in others methods (e.g., JML) and tools
(e.g. Parasoft)

• methodology for evolving code together with its
specification.

•classes define their responsibility precisely.

•class invariants, method preconditions and
postconditions.

•compiler instruments code to monitor.
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Preconditions and postconditions

Class to client: “If you promise to call r with pre satisfied, then I
promise to deliver a final state in which post is satisfied …”

• A method’s precondition
• says what must be true to call it, I.e., what must hold upon
entry to method

• binds the client.
• A method’s normal postcondition

• method guarantees it will hold upon exit
• what is true when it returns normally (i.e., without throwing an
exception).

• A method’s exceptional postcondition
• what is true when a method throws an exception.

 //@ signals (IllegalArgumentException e) x < 0;

• Class Invariants
• Global properties of a class.
• Must be preserved by all exported routines.
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DBC

• The role of a contract
• may monitor at run time - debugging tool.

• eiffel - by the compiler.
• other languages - specific tools.

• conceptual tool for correctness and robustness.
• design aid.
• aid to understanding
• documentation

• advantages
• clear responsibility for checking.
• run time violation shows a bug:

• Precondition violation -- bug in client.
• Postcondition violation -- bug in supplier.

• simplify code
• method need not check precondition.
• If precondition is not satisfied, do anything
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Contracts and inheritance

Methodological implications of contracts on inheritance:
• Invariants and postconditions may only be strengthened;

•Preconditions may only be weakened.

•Eiffel enforces this principle..
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Aspect-oriented programming

• AOP compliments O-O programming, but doesn’t
replace it

• the problem

•some programming tasks cannot be neatly encapsulated
in objects, but must be scattered throughout the code

•examples:
• logging (tracking program behavior to a file)

• profiling (determining where a program spends its time)

• tracing (determining what methods are called when)

• session tracking, session expiration

• special security management

• the result is crosscutting code--the necessary code
“cuts across” many different classes and methods
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Some examples

public class SomeBusinessClass extends OtherBusinessClass
{
  // Core data members

...Log stream ;

...cache update_status ;
// Override methods in the base class

public void
performSomeOperation(OperationInformation info)

{
...ensure authorization
...ensure info satisfies contract
...lock the object – thread safety
...ensure cache is up to date

         ...log the start of operation
// ==== Perform the core operation ====
...log the completion of operation
...unlock the object

      }
public void save(PersitanceStorage ps) {...}

   public void load(PersitanceStorage ps) {...}
}

Logging?Multithreading? DBC? Authentication? Persistence/Caching
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Breaking modularity

• Got the picture ?

• Non-modularization due to
client-server nature of
OOP

• Current popular solution
EJB, servlets, dynamic
proxies
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modularity

intuitive definition
a concern is implemented1

in a modular way if the
code for the concern is:

• localized and

• has a clear interface
with the rest of the system

1 coded, designed, modeled …

xml parsing

url pattern matching

loggingcode from org.apache.tomcat
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session expiration is not modularized…

/*
 * ====================================================================
 *
 * 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();
        }

    }

}

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

    /**

     * 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)) {
                s M.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();
        }
    }
}
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Non-modularization

• Symptoms
• Code tangling
• Code scattering

• Duplicated code blocks
• Complementary code blocks

• Consequences
• Redundant code

• Same fragment of code in many places

• Difficult to reason about
• Non-explicit structure
• The big picture of the tangling isn’t clear

• Difficult to change
• Have to find all the code involved...
• ...and be sure to change it consistently
• ...and be sure not to break it by accident

• Inefficient when crosscuting code is not needed
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If we just could…

/*
 * ====================================================================
 *
 * 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();
        }

    }

}

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

    /**

     * 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)) {
                s M.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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How does AOP do it ?

AOP development stages
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AspectJTM

• AspectJ is a small, well-integrated extension to Java
• Based on the 1997 PhD thesis by Christina Lopes, A

Language Framework for Distributed Programming
• AspectJ modularizes crosscutting concerns

• That is, code for one aspect of the program (such as
tracing) is collected together in one place

• The AspectJ compiler is free and open source
• AspectJ works with JBuilder, Forté, Eclipse, probably

others
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What is a Concern ?

• concern is a particular goal, concept, or area of interest

• concerns are the primary motivation for organizing and
decomposing software into manageable and
comprehensible parts
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Terminology

• A join point is a well-defined point in the program flow

• A pointcut is a group of join points

• Advice is code that is executed at a pointcut

• Introduction modifies the members of a class and the
relationships between classes

• An aspect is a module for handling crosscutting
concerns

•Aspects are defined in terms of pointcuts, advice, and
introduction

•Aspects are reusable and inheritable
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a simple figure editor

operations that
move elements

factory methods
Display

*

2Point

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

Line

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

Figure

makePoint(..)
makeLine(..)

FigureElement

moveBy(int, int)
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a Line

a Point

join points

returning or
throwing

dispatch

dispatch

key points in dynamic call graph

a method call

returning or throwing
a method execution

returning or throwing
a method execution

imagine l.moveBy(2, 2)
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Join points

• A join point is a well-defined point in the program flow
• We want to execute some code (“advice”) each time a

join point is reached
• We do not want to clutter up the code with explicit

indicators saying “This is a join point”
• AspectJ provides a syntax for indicating these join

points “from outside” the actual code
• A join point is a point in the program flow “where

something happens”
• Examples:

• When a method is called
• When an exception is thrown
• When a variable is accessed



CMPSCI 520/620 Fall 2004 Design & Construction

Copyright Rick Adrion 2004, except as noted 26

UUNIVERSITYNIVERSITY  OFOF M MASSACHUSETTS ASSACHUSETTS AAMHERSTMHERST    ••   D DEPARTMENTEPARTMENT  OF OF CCOMPUTER OMPUTER SSCIENCE CIENCE ••  CCMPMPSSCI 520/620 CI 520/620 FFALL 2004ALL 2004

join point terminology

• several kinds of join points
• method & constructor call
• method & constructor execution
• field get & set
• exception handler execution
• static & dynamic initialization

a Line

dispatch

method call
join points

method
execution
join points
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join point terminology

a Point

a Line

all join points on this slide are
within the control flow of

this join point

a Point
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name

no parameters

Pointcuts

• Pointcut definitions consist of a left-hand side and a
right-hand side, separated by a colon
•The left-hand side consists of the pointcut name and the
pointcut parameters (i.e. the data available when the
events happen)

•The right-hand side consists of the pointcut itself

• Example pointcut:
       pointcut setter(): call(void setX(int));
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Example pointcut designators

• When a particular method body executes:

• execution(void Point.setX(int))

• When a method is called:

• call(void Point.setX(int))

• When an exception handler executes:

• handler(ArrayOutOfBoundsException)

• When the object currently executing (i.e. this) is of type SomeType:

• this(SomeType)

• When the target object is of type SomeType

• target(SomeType)

• When the executing code belongs to class MyClass

• within(MyClass)

• When the join point is in the control flow of a call to a Test's no-
argument main method

• cflow(call(void Test.main()))
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Pointcut designator wildcards

• It is possible to use wildcards to declare pointcuts:
•execution(* *(..))

• Chooses the execution of any method regardless of return
or parameter types 

•call(* set(..))
• Chooses the call to any method named set regardless of
return or parameter type

• In case of overloading there may be more than one such set
method; this pointcut picks out calls to all of them
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whenever a Line receives a
  “void setP1(Point)” or “void setP2(Point)” method call

or

a “void Line.setP2(Point)” call

a “void Line.setP1(Point)” call
  

    call(void Line.setP1(Point)) || 
    call(void Line.setP2(Point));

pointcut composition

• a pointcut is a kind of predicate on join points that:
•can match or not match any given join point and
•optionally, can pull out some of the values at that join
point

•  pointcuts compose like predicates, using &&, || and !
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after advice

action to take after
computation under join points

a Line

aspect DisplayUpdating {

  pointcut move(FigureElement fe):
    target(fe) &&
    (call(void FigureElement.moveBy(int, int)) ||
     call(void Line.setP1(Point))              ||
     call(void Line.setP2(Point))              ||
     call(void Point.setX(int))                ||
     call(void Point.setY(int)));

  after(FigureElement fe) returning: move(fe) {
    Display.update(fe);
  }
}
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• clear display updating
module

• all changes in single aspect
• evolution is modular

Figure Editor with AspectJ

aspect DisplayUpdating {
  pointcut move():
    call(void FigureElement.moveBy(int, int) || 
    call(void Line.setP1(Point))             ||
    call(void Line.setP2(Point))             ||
    call(void Point.setX(int))               ||
    call(void Point.setY(int));

  after() returning: move() {
    Display.update();
  }
}

class Line {
  private Point p1, p2;

  Point getP1() { return p1; }
  Point getP2() { return p2; }

  void setP1(Point p1) {
    this.p1 = p1;
  }
  void setP2(Point p2) {
    this.p2 = p2;
  }
}

class Point {

  private int x = 0, y = 0;

  int getX() { return x; }
  int getY() { return y; }

  void setX(int x) {    
    this.x = x;
  }
  void setY(int y) {    
    this.y = y;
  }
}

class Point {

  private int x = 0, y = 0;

  int getX() { return x; }    
  int getY() { return y; }

  void setX(int x) {    
    this.x = x;
    Display.update();
  }
  void setY(int y) {    
    this.y = y;
    Display.update();
  }
}

class Line {
  private Point p1, p2;

  Point getP1() { return p1; }
  Point getP2() { return p2; }

  void setP1(Point p1) {
    this.p1 = p1;
    Display.update();
  }
  void setP2(Point p2) {
    this.p2 = p2;
    Display.update();
  }
}

•no locus of “display updating”
• evolution is cumbersome
• changes in all classes
• have to track & change all
callers
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AspectJ advice

• Before advice runs as a join point is reached, before the
program proceeds with the join point

• After advice on a particular join point runs after the
program proceeds with that join point
•after returning advice is executed after a method returns
normally

•after throwing advice is executed after a method returns
by throwing an exception

•after advice is executed after a method returns,
regardless of whether it returns normally or by throwing
an exception

• Around advice on a join point runs as the join point is
reached, and has explicit control over whether the
program proceeds with the join point
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Concluding remarks

• Aspect-oriented programming (AOP) is a new paradigm--a
new way to think about programming

• AOP is somewhat similar to event handling, where the
“events” are defined outside the code itself

• AspectJ is not itself a complete programming language, but
an adjunct to Java

• AspectJ does not add new capabilities to what Java can do,
but adds new ways of modularizing the code

• AspectJ is free, open source software

• Like all new technologies, AOP may--or may not--catch on in
a big way
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Myths and realities of AOP

• The program flow in an AOP-based system is hard to
follow

• AOP doesn’t solve any new problems

• AOP promotes sloppy design

• AOP is nice, but a nice abstract OOP interface is all you
need

• AOP compiler simply patches the core implementation

• AOP breaks the encapsulation

• AOP will replace OOP

True
True

False

True, but ..
FalseFalse

False
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means of   …   join points

add, compose (and remove)
members

signatures

 w/ patterns,
 whole class ops

membersHyper/J

add memberssignaturesclass members   static JPM

Demeter traversals

Composition Filters

AspectJ
   dynamic JPM

JPM

when traversal reaches
object or edge

message sends &
receptions

points in execution

  call, get, set…

join points

class & edge names

signature & property
based object queries

signatures

 w/ patterns,
 static & dynamic
 props of JPs

identifying

define visit method

wrappers
  declarative (filters)
  imperative  (~ advice)

advice

  declarative  & imperative
  composition of code

specifying semantics at

some AOP languages
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Other “hot” technology

• Generative programming

• Meta programming

• Reflective programming

• Compositional filtering

• Adaptive programming

• Subject oriented programming

• Intentional programming


