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Agenda
Lecture, Monday, 14:00 – 17:00 Lab, Monday, 14:00 – 17:00

Introduction to adaptive computing systems

Java Management eXensions – JMX

AOP-based adaptive systems

Introduction to AspectJ

Interruption week

Non-functional aspects of computing systems (logging, 
security, dependability, etc.)

Logging with AspectJ

Autonomic computing 
(case studies)

Security with AspectJ

Self-adaptive systems 
(case studies)

Dependability with AspectJ

-

Interruption week

Summary and future directions

Evaluation
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Good Modularity

� Parsing XML in org.apache.tomcat

� red shows the code we are interested in

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

XML Parsing
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Good Modularity

� URL pattern recognition in org.apache.tomcat

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

URL Pattern Recognition
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Problems

� Tracing in org.apache.tomcat
� red lines

� are not in one module
� are almost everywhere �

Tracing: Non-Modular
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Problems
/*

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

*
* The Apac he Software Lic ens e, Vers ion 1.1

*

* Copy right (c ) 1999 The Apac he Software Foundation.  Al l  rights

* res erv ed.

*
* Redis tribution and us e in s ourc e and binary  form s , wi th  or wi thout

* m odi fic ation, are perm itted prov ided that the fo l lowing c ondi tions

* are m et:

*
* 1 . Redis tributions  of s ource code m us t re ta in  the abov e c opyright

*    notic e, th is l ist of c ondi tions and the fo l lowing d is c la imer.

*

* 2 . Redis tributions  in b inary  form  m us t reproduce the abov e c opyright

*    notic e, th is l ist of c ondi tions and the fo l lowing d is c la imer in
*    the doc um entation and/or o ther materia ls prov ided wi th  the

*    d is tribution.

*

* 3 . The end-us er documentation included wi th  the red istribution, i f

*    any , m ust inc lude the fol lowing ac knowlegem ent:
*       "Th is  product inc ludes  software dev eloped by the

*        Apac he Software Foundation (h ttp ://www.apache.org/)."

*    Al ternate ly, this  ac knowlegem ent may  appear in  the s oftware

i ts e l f,
*    i f and wherev er s uch th i rd-party ack nowlegem ents norm ally  appear.

*

* 4 . The nam es  "The Jakarta  Pro ject", "Tom c at", and "Apache Software

*    Foundation" mus t not be us ed to endors e or prom ote produc ts

dériv e
*    from  th is  software wi thout prior wri tten perm is sion. For wri tten

*    perm is s ion, pleas e c ontac t apac he@apache.org.

*

* 5 . Produc ts  derived from th is  software m ay  not be c a lled "Apac he"
*    nor m ay  "Apac he" appear in the i r nam es  wi thout prior wri tten

*    perm is s ion of the Apache Group.

*

* THIS SOFTWARE IS PROVIDED ``AS IS' '  AND ANY EXPRESSED OR IM PLIED
* 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.

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

*

* Th is  s oftware cons ists  o f vo luntary  contributions  m ade by  many

* ind iv iduals  on behal f o f the Apac he Software Foundation.  For m ore
* in form ation on the Apac he Software Foundation, pleas e s ee

* <http ://www.apac he.org/>.

*

* [Addi tional  notic es , i f required by  prior lic ensing c onditions ]

*
*/

pac k age org.apache.tomc at.s es sion;

im port org.apac he.tom c at.core.*;

im port org.apac he.tom c at.uti l .StringM anager;

im port jav a.io.*;
im port jav a.net.*;

im port jav a.uti l .*;

im port jav ax .s erv le t.*;

im port jav ax .s erv le t.h ttp .*;

/**

* Core im plem entation of an appl ic ation lev el  sess ion

*

* @author J am es  Dunc an Davidson [duncan@eng.s un.com ]
* @author J as on Hunter [jc h@eng.sun.c om]

* @author J am es  Todd [gonzo@eng.sun.c om ]

*/

publ ic  c lass  Applic ationSess ion im plem ents HttpSes sion {

priv ate StringM anager s m  =

StringM anager.getManager("org.apache.tomc at.s es sion");

priv ate Has htable v alues  = new Hashtable();
priv ate String id ;

priv ate ServerSess ion s erverSess ion;

priv ate Context c ontex t;

priv ate long c reationTime = Sys tem .currentTim eM i l lis ();;

priv ate long th is Ac cess Time = creationTim e;
priv ate long lastAc cess ed = creationTim e;

priv ate int inactiv eInterv al  = -1;

priv ate boolean v al id = true;

Appl ic ationSes sion(String id , ServerSess ion serv erSess ion,

Contex t c ontex t) {

th is .serv erSes sion = serv erSess ion;

th is .context = context;

th is .id = id;

th is .inactiveInterv al  = c ontext.getSes sionTim eOut();

i f (th is .inac tiv eInterv a l != -1) {

th is.inactiv eInterv al  *= 60;
}

}

Serv erSes s ion getServ erSes sion() {
re turn s erv erSes sion;

}

/**

* Cal led by  c ontex t when reques t c om es in s o that ac cess es and
* inac tiv ities can be deal t wi th  ac cord ing ly.

*/

v o id  ac cess ed() {

// s et last ac c es sed to  th isAc cess Tim e as i t wi l l  be le ft ov er
// from  the previous  ac ces s

las tAc cess ed = th isAc ces sTim e;

th is Ac cess Time = Sy s tem .currentTim eM i ll is ();

v a l idate();

}

v o id  v a lidate() {

// i f we have an inactive interva l , c hec k to s ee if we ' ve ex ceeded i t
i f (inactiv eInterv al  != -1) {

in t th isInterv al  =

(int)(Sy stem .c urrentTimeM il l is() - lastAc ces sed) / 1000;

i f (this Interv a l  > inac tiv eInterv al ) {

inv al idate();

}

}

}

// HTTP SESSION IM PLEM ENTATION M ETHODS

publ ic  String getId() {

i f (v a l id) {
re turn id;

} e ls e {

String m sg = sm .getString("applic ationSess ion.sess ion.is e");

throw new Il legalStateExc eption(m sg);

}

}

publ ic  long getCreationTim e() {
i f (v a l id) {

re turn c reationTime;

} e ls e {

String m sg = sm .getString("applic ationSess ion.sess ion.is e");

throw new Il legalStateExc eption(m sg);

}

}

/**

*

* @deprec ated

*/

publ ic  HttpSess ionContext getSess ionContex t() {

re turn new Sess ionContextIm pl ();

}

publ ic  long getLas tAcc es sedTim e() {

i f (v a l id) {

re turn las tAcc ess ed;

} e ls e {

String m sg = sm .getString("applic ationSess ion.sess ion.is e");

throw new Il legalStateExc eption(m sg);

}

}

publ ic  v o id inv al idate() {

s erv erSess ion.rem ov eAppl ic ationSess ion(c ontex t);

// rem ove ev ery th ing in  the s es sion

Enum eration enum  = v alues .keys ();

whi le  (enum .hasM oreElem ents()) {

String nam e = (String)enum .nextElement();
rem oveValue(name);

}

v a l id  = fa ls e;
}

publ ic  boolean isNew() {

i f (! v a lid) {

String m sg = sm .getString("applic ationSess ion.sess ion.is e");

throw new Il legalStateExc eption(m sg);

}

i f (th is Acc es sTim e == c reationTim e) {
re turn true;

} e ls e {

re turn fals e;

}
}

/**

* @deprec ated
*/

publ ic  vo id putValue(String name, Object v alue) {

s etAttribute(name, va lue);
}

publ ic  vo id s etAttribute(String nam e, Objec t v a lue) {

i f (! v a lid) {

String m sg = sm .getString("applic ationSess ion.sess ion.is e");

throw new Il legalStateExc eption(m sg);

}

i f (nam e == nul l ) {
String m sg = sm .getString("applic ationSess ion.va lue.iae");

throw new Il legalArgum entExc eption(m sg);

}

rem ov eValue(nam e);  // rem ove any exis ting b ind ing

i f (v a lue != nul l  && va lue instanc eof HttpSess ionBindingLis tener) {

HttpSess ionBindingEv ent e =
new HttpSes sionBindingEvent(th is, nam e);

((HttpSess ionBindingLis tener)v a lue).va lueBound(e);

}

v a lues .put(nam e, v alue);

}

/**
* @deprec ated

*/

publ ic  Objec t getValue(String name) {

re turn getAttribute(nam e);

}

publ ic  Objec t getAttribute(String nam e) {

i f (! v a lid) {

String m sg = sm .getString("applic ationSess ion.sess ion.is e");

throw new Il legalStateExc eption(m sg);

}

i f (nam e == nul l ) {
String m sg = sm .getString("applic ationSess ion.va lue.iae");

throw new Il legalArgum entExc eption(m sg);

}

re turn v alues .get(name);

}

/**
* @deprec ated

*/

publ ic  String[] getValueNam es() {

Enum eration e = getAttributeNam es ();

Vec tor nam es  = new Vec tor();

whi le  (e .hasM oreElem ents()) {

names .addElem ent(e.nextElem ent());

}

String[] va lueNames = new String[nam es.siz e()];

nam es.c opyInto(v a lueNam es);

re turn v alueNam es ;

}

publ ic  Enum eration getAttributeNam es() {
i f (! v a lid) {

String m sg = sm .getString("applic ationSess ion.sess ion.is e");

throw new Il legalStateExc eption(m sg);
}

Has htable v a luesClone = (Hashtable)v a lues .clone();

re turn (Enum eration)v alues Clone.keys ();
}

/**

* @deprec ated
*/

publ ic  vo id rem ov eValue(String nam e) {

rem ov eAttribute(nam e);
}

publ ic  vo id rem ov eAttribute(String nam e) {

i f (! v a lid) {

String m sg = sm .getString("applic ationSess ion.sess ion.is e");

throw new Il legalStateExc eption(m sg);

}

i f (nam e == nul l ) {

String m sg = sm .getString("applic ationSess ion.va lue.iae");

throw new Il legalArgum entExc eption(m sg);

}

Objec t o = va lues .get(name);

i f (o  instanc eof HttpSes s ionBindingListener) {

HttpSess ionBindingEv ent e =
new HttpSes sionBindingEvent(th is,nam e);

((HttpSess ionBindingLis tener)o).v alueUnbound(e);

}

v a lues .remove(nam e);

}

publ ic  vo id s etM ax Inactiv eInterv al (in t in terv al ) {
i f (! v a lid) {

String m sg = sm .getString("applic ationSess ion.sess ion.is e");

throw new Il legalStateExc eption(m sg);
}

inac tiv eInterv a l = interva l ;

}

publ ic  int getMax InactiveInterva l () {

i f (! v a lid) {

String m sg = sm .getString("applic ationSess ion.sess ion.is e");

throw new Il legalStateExc eption(m sg);
}

re turn inactiv eInterv al ;

}
}

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

ApplicationSession
pac k age org.apache.tomc at.s es sion;

im port jav a.io.IOEx ception;

im port jav a.io.Objec tInputStream ;

im port jav a.io.Objec tOutputStream ;

im port jav a.io.Seria l izable;

im port jav a.uti l .Enumeration;
im port jav a.uti l .Has htable;

im port jav a.uti l .Vec tor;

im port jav ax .s erv le t.Servle tExc eption;

im port jav ax .s erv le t.h ttp .HttpSess ion;
im port jav ax .s erv le t.h ttp .HttpSess ionBindingEvent;

im port jav ax .s erv le t.h ttp .HttpSess ionBindingLis tener;

im port jav ax .s erv le t.h ttp .HttpSess ionContext;

im port org.apac he.tom c at.catal ina.*;

im port org.apac he.tom c at.uti l .StringM anager;

/**

* Standard im plem entation of the <b>Sess ion</b> interfac e.  This object is

* s eria l iz ab le, so that i t can be s tored in pers istent s torage or trans ferred
* to  a  d i fferent JVM  for d is tributab le s es sion s upport.

* <p>

* <b>IM PLEM ENTATION NOTE</b>:  An instanc e of th is  class  represents  both the

* in terna l  (Ses sion) and appl ic ation lev el  (HttpSes sion) v iew of the s es sion.
* Howev er, bec aus e the c las s i tse l f is not dec lared publ ic , Java log ic  outside

* o f the <c ode>org.apache.tomc at.s es sion</c ode> pac kage c annot c ast an

* HttpSes s ion view of this  instanc e bac k  to  a Ses s ion v iew.

*

* @author Cra ig  R. M c Clanahan
* @v ers ion $Rev is ion: 1.2 $ $Date: 2000/05/15 17:54:10 $

*/

fina l  c las s StandardSess ion
im plem ents  HttpSess ion, Ses sion {

// -------------------------------------- ----- ------ ----- ----- Cons truc tors

/**

* Cons truc t a new Sess ion as s oc iated wi th the speci fied M anager.

*

* @param  m anager The m anager wi th which th is Sess ion is  as soc iated
*/

publ ic  StandardSes sion(M anager m anager) {

s uper();
th is .m anager = m anager;

}

// -------------------------------------- ----- ------ ---- Ins tanc e Variables

/**

* The c o l lec tion of us er data attributes  as sociated wi th  th is Sess ion.
*/

priv ate Has htable attributes = new Has htable();

/**

* The tim e th is s es sion was  c reated, in m i ll isec onds  since midnight,

* J anuary  1, 1970 GM T.

*/

priv ate long c reationTime = 0L;

/**

* The s es sion identi fier o f th is  Ses sion.
*/

priv ate String id  = nu l l;

/**
* Des c rip tiv e inform ation des crib ing th is Ses s ion im plem entation.

*/

priv ate s ta tic fina l String info  = "StandardSess ion/1.0";

/**

* The las t acc ess ed tim e for this  Sess ion.

*/

priv ate long lastAc cess edTim e = creationTim e;

/**

* The M anager wi th  whic h th is Ses s ion is  as sociated.

*/
priv ate M anager manager = nul l ;

/**
* The m ax imum  tim e interv al , in  seconds , between c lient reques ts before

* the s erv le t c onta iner m ay inva l idate th is s es sion.  A negativ e tim e

* ind ic ates  that the sess ion should nev er tim e out.

*/

priv ate int m ax Inactiv eInterv al  = -1;

/**

* Flag ind ic ating whether th is s es sion is new or not.

*/
priv ate boolean isNew = true;

/**
* Flag ind ic ating whether th is s es sion is v al id or not.

*/

priv ate boolean isVal id = fa lse;

/**

* The s tring m anager for this  pack age.

*/

priv ate StringM anager s m  =

StringM anager.getManager("org.apache.tomc at.s es sion");

/**

* The HTTP s es sion contex t ass oc iated wi th  th is s es sion.
*/

priv ate s ta tic HttpSes sionContex t s es sionContex t = nul l ;

/**
* The c urrent acc es s ed tim e for th is s es sion.

*/

priv ate long th is Ac cess edTim e = creationTim e;

// -------------------------------------- ----- ------ ---- Ses s ion Properties

/**

* Set the creation tim e for th is  sess ion.  Th is m ethod is  ca l led by  the

* M anager when an exis ting Ses sion ins tance is  reus ed.

*
* @param  tim e The new c reation tim e

*/

publ ic  vo id s etCreationTim e(long time) {

th is .creationTim e = time;

th is .las tAcc es sedTim e = tim e;

th is .this Acc es sedTim e = tim e;

}

/**

* Return the s ess ion identi fier for this  sess ion.
*/

publ ic  String getId() {

re turn (th is .id);

}

/**

* Set the sess ion identi fier for th is ses sion.
*

* @param  id  The new ses sion identi fier

*/

publ ic  vo id s etId(String id) {

i f ((th is .id  != nul l ) && (m anager != nul l ) &&

(m anager ins tanceof M anagerBas e))

((M anagerBas e) m anager).rem ov e(th is);

th is .id = id;

i f ((m anager != nul l ) && (m anager instanc eof ManagerBas e))

((M anagerBas e) m anager).add(this );

}

/**
* Return desc rip tiv e inform ation about this  Sess ion implem entation and

* the c orresponding v ers ion num ber, in the form at

* <c ode>&l t;desc ription&gt;/&l t;v ers ion&gt;</c ode>.

*/

publ ic  String getIn fo() {

re turn (th is .in fo);

}

/**

* Return the last time the c l ient s ent a reques t as soc iated wi th this

* s es s ion, as  the number of mi l l iseconds  s inc e m idnight, J anuary  1, 1970
* GM T.  Ac tions that your appl ication takes, suc h as getting or setting

* a  v a lue ass oc iated wi th  the s es sion, do not affec t the acc ess  tim e.

*/

publ ic  long getLas tAcc es sedTim e() {

re turn (th is .las tAc c es sedTim e);

}

/**
* Return the M anager wi th in  which th is Sess ion is  va lid .

*/

publ ic  M anager getM anager() {

re turn (th is .manager);

}

/**

* Set the M anager wi th in which this Sess ion is  va l id.

*

* @param  m anager The new M anager

*/
publ ic  vo id s etM anager(M anager manager) {

th is .m anager = m anager;

}

/**

* Return the m axim um time interva l , in  s econds, between cl ient reques ts
* before the serv le t conta iner wi l l inv a lidate the s es s ion.  A negativ e

* tim e ind ic ates that the s ess ion should nev er tim e out.

*

* @ex c eption Il legalStateEx ception i f th is  method is  ca lled on
*  an inv al idated sess ion

*/

publ ic  int getMax InactiveInterva l () {

re turn (th is .max InactiveInterva l );

}

/**
* Set the m ax im um  tim e interv al , in  seconds , between c lient reques ts

* before the serv le t conta iner wi l l inv a lidate the s es s ion.  A negativ e

* tim e ind ic ates that the s ess ion should nev er tim e out.

*
* @param  in terv a l The new m axim um  interva l

*/

publ ic  vo id s etM ax Inactiv eInterv al (in t in terv al ) {

th is .m ax InactiveInterva l  = in terv al ;

}

/**

* Return the <c ode>HttpSess ion</code> for which this object
* is  the fac ade.

*/

publ ic  HttpSess ion getSes sion() {

re turn ((HttpSes s ion) th is);

}

// -------------------------------------- ----- ------ Ses s ion Publ ic  Methods

/**

* Update the ac c es sed tim e inform ation for this  sess ion.  Th is m ethod
* s hould be c al led by the context when a request com es  in  for a  partic u lar

* s es s ion, ev en i f the applic ation does not referenc e i t.

*/

publ ic  vo id acc es s () {

th is .las tAcc es sedTim e = th is .thisAc c es sedTim e;

th is .this Acc es sedTim e = Sy stem.c urrentTim eM il l is();

th is .isNew=fa lse;

}

/**

* Perform  the in terna l proc ess ing requi red to  inva l idate this  s ess ion,

* wi thout triggering an ex ception i f the s es sion has  al ready expi red.
*/

publ ic  vo id expi re() {

// Rem ov e this  s ess ion from  our manager' s  ac tiv e s es s ions
i f ((m anager != nul l ) && (m anager instanc eof ManagerBas e))

((M anagerBas e) m anager).rem ov e(th is);

// Unbind any  ob jec ts  as soc iated wi th this  s ess ion

Vec tor resu lts  = new Vec tor();
Enum eration attrs  = getAttributeNam es();

whi le  (a ttrs.has M oreElem ents ()) {

String attr = (String) a ttrs .nextElement();

res ul ts .addElem ent(attr);

}
Enum eration nam es = res ults .elem ents ();

whi le  (names.has M oreElem ents ()) {

String nam e = (String) nam es.nex tElem ent();

rem oveAttribute(nam e);
}

// M ark  th is s es sion as inv a lid

s etVal id(fals e);

}

/**

* Releas e al l  ob jec t re ferences , and in i tia l ize instanc e v ariab les, in
* preparation for reus e of th is objec t.

*/

publ ic  vo id recy c le() {

// Res et the ins tanc e variables as s oc iated wi th th is  Ses sion

attributes .c lear();

c reationTime = 0L;

id  = nul l ;

las tAc cess edTim e = 0L;
m anager = nu l l;

m ax Inac tiv eInterv a l = -1 ;

is New = true;

is Val id = fals e;

// Te l l  our Manager that this  Sess ion has  been rec yc led

i f ((m anager != nul l ) && (m anager instanc eof ManagerBas e))

((M anagerBas e) m anager).recy c le(th is );

}

// -------------------------------------- ----- ----- Ses s ion Pac kage Methods

/**

* Return the <c ode>isValid</code> flag for th is s es sion.

*/
boolean is Val id() {

re turn (th is .is Valid);

}

/**

* Set the <code>isNew</c ode> flag for th is ses sion.
*

* @param  is New The new v alue for the <c ode>is New</code> flag

*/

v o id  s etNew(boolean isNew) {

th is .isNew = isNew;

}

/**

* Set the <code>isVal id</code> flag for this s es s ion.

*

* @param  is Val id  The new v a lue for the <code>isValid</code> flag
*/

v o id  s etVal id(boolean is Val id) {

th is .isVal id  = is Val id;

}

// -------------------------------------- ----- ------ HttpSes s ion Properties

/**

* Return the tim e when this  sess ion was c reated, in  mi l l is econds s inc e

* m idnight, January  1, 1970 GM T.

*
* @ex c eption Il legalStateEx ception i f th is  method is  ca lled on an

*  inv a l idated sess ion

*/

publ ic  long getCreationTim e() {

re turn (th is .creationTim e);

}

/**

* Return the s ess ion context wi th which this s es s ion is  as sociated.

*

* @deprec ated As  of Vers ion 2.1, th is m ethod is  deprec ated and has no
*  rep lac ement.  It wi l l  be rem oved in a  fu ture vers ion of the

*  J av a Serv let API.

*/

publ ic  HttpSess ionContext getSess ionContex t() {

i f (s es sionContex t == nul l )

s ess ionContext = new StandardSes sionContex t();

re turn (s es sionContex t);

}

// -------------------------------------- ----- ---HttpSes s ion Publ ic  M ethods

/**

* Return the ob jec t bound wi th the speci fied name in this  s ess ion, or

* <c ode>nul l</code> if no object is  bound wi th  that nam e.
*

* @param  name Name of the attribute to  be re turned

*

* @ex c eption Il legalStateEx ception i f th is  method is  ca lled on an

*  inv a l idated sess ion
*/

publ ic  Objec t getAttribute(String nam e) {

re turn (a ttributes.get(nam e));

}

/**
* Return an <code>Enum eration</code> of <code>String</code> objec ts

* c onta ining the nam es  of the ob jec ts  bound to  th is s es sion.

*

* @ex c eption Il legalStateEx ception i f th is  method is  ca lled on an

*  inv a l idated sess ion
*/

publ ic  Enum eration getAttributeNam es() {

re turn (a ttributes.k ey s());

}

/**
* Return the ob jec t bound wi th the speci fied name in this  s ess ion, or

* <c ode>nul l</code> if no object is  bound wi th  that nam e.

*

* @param  name Name of the va lue to  be returned

*
* @ex c eption Il legalStateEx ception i f th is  method is  ca lled on an

*  inv a l idated sess ion

*

* @deprec ated As  of Vers ion 2.2, th is m ethod is  replac ed by
*  <c ode>getAttribute()</c ode>

*/

publ ic  Objec t getValue(String name) {

re turn (getAttribute(nam e));

}

/**
* Return the s et o f names of ob jects  bound to  th is s es sion.  If there

* are no s uc h objects , a  z ero-length array is re turned.

*

* @ex c eption Il legalStateEx ception i f th is  method is  ca lled on an
*  inv a l idated sess ion

*

* @deprec ated As  of Vers ion 2.2, th is m ethod is  replac ed by

*  <c ode>getAttributeNam es ()</code>

*/
publ ic  String[] getValueNam es() {

Vec tor resu lts  = new Vec tor();

Enum eration attrs  = getAttributeNam es();
whi le  (a ttrs.has M oreElem ents ()) {

String attr = (String) a ttrs .nextElement();

res ul ts .addElem ent(attr);

}

String nam es [] = new String[resul ts.s iz e()];
for (in t i  = 0 ; i  < names .length; i++)

names [i ] = (String) res ul ts .e lem entAt(i );

re turn (nam es);

}

/**

* Inv a l idates this  s ess ion and unbinds any  ob jec ts  bound to  it.
*

* @ex c eption Il legalStateEx ception i f th is  method is  ca lled on

*  an inv al idated sess ion

*/

publ ic  vo id inv a lidate() {

// Caus e this  sess ion to  ex pire

ex pi re();

}

/**

* Return <c ode>true</code> i f the c lient does not yet k now about the
* s es s ion, or i f the c l ient c hooses not to join  the s es s ion.  For

* ex am ple, i f the s erv er us ed only cookie-based s ess ions, and the c lient

* has  d isabled the use of cook ies , then a s es sion would be new on eac h

* reques t.

*
* @ex c eption Il legalStateEx ception i f th is  method is  ca lled on an

*  inv a l idated sess ion

*/

publ ic  boolean isNew() {

re turn (th is .is New);

}

/**

* Bind an objec t to  th is ses sion, us ing the s pec ified nam e.  If an object

* o f the sam e nam e is  a l ready bound to this  s ess ion, the object is
* rep lac ed.

* <p>

* After th is  method executes , and i f the object implem ents

* <c ode>HttpSes sionBindingListener</code>, the c ontainer c al ls

* <c ode>v alueBound()</code> on the ob ject.
*

* @param  name Name to which the ob jec t is bound, cannot be nul l

* @param  v alue Object to be bound, c annot be nu l l

*
* @ex c eption Il legalStateEx ception i f th is  method is  ca lled on an

*  inv a l idated sess ion

*

* @deprec ated As  of Vers ion 2.2, th is m ethod is  replac ed by

*  <c ode>s etAttribute()</c ode>
*/

publ ic  vo id putValue(String name, Object v alue) {

s etAttribute(name, va lue);

}

/**
* Rem ov e the ob jec t bound wi th  the s pec ified nam e from th is  sess ion.  If

* the s ess ion does  not have an objec t bound wi th th is  nam e, this m ethod

* does  noth ing.

* <p>

* After th is  method executes , and i f the object implem ents
* <c ode>HttpSes sionBindingListener</code>, the c ontainer c al ls

* <c ode>v alueUnbound()</c ode> on the objec t.

*

* @param  name Name of the ob jec t to  rem ove from  th is s es s ion.
*

* @ex c eption Il legalStateEx ception i f th is  method is  ca lled on an

*  inv a l idated sess ion

*/

publ ic  vo id rem ov eAttribute(String nam e) {

s y nc hroniz ed (attributes) {

Object ob jec t = attributes .get(name);

i f (object == null )

return;
attributes .rem ove(nam e);

//      Sys tem .out.prin tln( "Rem ov ing attribute " + nam e );

i f (object ins tanceof HttpSes sionBindingLis tener) {

((HttpSes sionBindingLis tener) ob jec t).v a lueUnbound
(new HttpSes sionBindingEv ent((HttpSes sion) th is , name));

}

}

}

/**

* Rem ov e the ob jec t bound wi th  the s pec ified nam e from th is  sess ion.  If

* the s ess ion does  not have an objec t bound wi th th is  nam e, this m ethod
* does  noth ing.

* <p>

* After th is  method executes , and i f the object implem ents

* <c ode>HttpSes sionBindingListener</code>, the c ontainer c al ls
* <c ode>v alueUnbound()</c ode> on the objec t.

*

* @param  name Name of the ob jec t to  rem ove from  th is s es s ion.

*

* @ex c eption Il legalStateEx ception i f th is  method is  ca lled on an
*  inv a l idated sess ion

*

* @deprec ated As  of Vers ion 2.2, th is m ethod is  replac ed by

*  <c ode>remov eAttribute()</c ode>
*/

publ ic  vo id rem ov eValue(String nam e) {

rem ov eAttribute(nam e);

}

/**

* Bind an objec t to  th is ses sion, us ing the s pec ified nam e.  If an object
* o f the sam e nam e is  a l ready bound to this  s ess ion, the object is

* rep lac ed.

* <p>

* After th is  method executes , and i f the object implem ents
* <c ode>HttpSes sionBindingListener</code>, the c ontainer c al ls

* <c ode>v alueBound()</code> on the ob ject.

*

* @param  name Name to which the ob jec t is bound, cannot be nul l

* @param  v alue Object to be bound, c annot be nu l l
*

* @ex c eption Il legalArgumentEx ception i f an attem pt is m ade to  add a

*  non-s erial izab le ob jec t in  an envi ronm ent m ark ed dis tributab le.

* @ex c eption Il legalStateEx ception i f th is  method is  ca lled on an
*  inv a l idated sess ion

*/

publ ic  vo id s etAttribute(String nam e, Objec t v a lue) {

i f ((m anager != nul l ) && manager.getDis tributab le() &&
!(v a lue ins tanceof Seria l izable))

throw new Il legalArgum entExc eption

(sm .getString("s tandardSes sion.s etAttribute.iae"));

s y nc hroniz ed (attributes) {
rem oveAttribute(nam e);

attributes .put(name, va lue);

i f (v alue ins tanceof HttpSes sionBindingLis tener)

((HttpSes sionBindingLis tener) v a lue).va lueBound
(new HttpSes sionBindingEv ent((HttpSes sion) th is , name));

}

}

// -------------------------------------- ----- - HttpSes s ion Priv ate Methods

/**
* Read a s eria l iz ed v ers ion of this s es s ion object from the speci fied

* ob jec t input stream .

* <p>

* <b>IM PLEM ENTATION NOTE</b>:  The reference to  the owning Manager
* is  not restored by  th is m ethod, and m us t be s et exp l ic i tly .

*

* @param  s tream  The input stream  to read from

*

* @ex c eption Clas sNotFoundEx ception i f an unknown c las s is s peci fied
* @ex c eption IOEx c eption i f an input/output error occ urs

*/

priv ate v oid  readObject(Objec tInputStream  stream )

throws  Class NotFoundEx ception, IOEx c eption {

// Des erial ize the sc alar ins tance v ariab les  (ex cept M anager)

c reationTime = ((Long) s tream .readObject()).longValue();

id  = (String) s tream .readObject();

las tAc cess edTim e = ((Long) s tream .readObject()).longValue();
m ax Inac tiv eInterv a l = ((In teger) s tream .readObject()).in tValue();

is New = ((Boolean) s tream .readObjec t()).booleanValue();

is Val id = ((Boolean) stream.readObjec t()).booleanValue();

// Des erial ize the attribute c ount and attribute va lues
in t n  = ((In teger) stream .readObjec t()).intValue();

for (in t i  = 0 ; i  < n; i++) {

String nam e = (String) s tream .readObject();

Object va lue = (Objec t) s tream .readObject();
a ttributes .put(name, va lue);

}

}

/**

* Wri te  a  s erial ized v ers ion of th is  sess ion ob jec t to  the s pec ified

* ob jec t output s tream .
* <p>

* <b>IM PLEM ENTATION NOTE</b>:  The owning M anager wi l l  not be s tored

* in  the serial iz ed representation of th is Sess ion.  After c al l ing

* <c ode>readObjec t()</code>, you m ust set the ass oc iated M anager

* ex pl ic i tly .
* <p>

* <b>IM PLEM ENTATION NOTE</b>:  Any attribute that is not Seria l izable

* wi l l  be s i lently  ignored.  If y ou do not want any s uc h attributes,

* be s ure the <c ode>distributable</c ode> property  o f our as sociated

* M anager is  set to  <code>true</code>.
*

* @param  s tream  The output s tream  to wri te to

*

* @ex c eption IOEx c eption i f an input/output error occ urs
*/

priv ate v oid  wri teObjec t(Objec tOutputStream  stream) throws  IOEx ception {

// Wri te  the sc alar ins tance variab les  (ex cept M anager)

s tream .wri teObject(new Long(creationTim e));
s tream .wri teObject(id);

s tream .wri teObject(new Long(las tAcc es sedTim e));

s tream .wri teObject(new In teger(m ax InactiveInterva l ));

s tream .wri teObject(new Boolean(is New));

s tream .wri teObject(new Boolean(is Val id));

// Ac c um ulate the nam es  of s eria liz ab le attributes

Vec tor resu lts  = new Vec tor();

Enum eration attrs  = getAttributeNam es();
whi le  (a ttrs.has M oreElem ents ()) {

String attr = (String) a ttrs .nextElement();

Object va lue = attributes .get(attr);

i f (v alue ins tanceof Serial izable)

res ults .addElement(attr);
}

// Seria l iz e the attribute c ount and the  a ttribute va lues

s tream .wri teObject(new In teger(res ults .size()));
Enum eration nam es = res ults .elem ents ();

whi le  (names.has M oreElem ents ()) {

String nam e = (String) nam es.nex tElem ent();

s tream .wri teObject(nam e);

s tream .wri teObject(a ttributes.get(name));
}

}

c ros s c ut inva l idate(StandardSess ion s ): s & (int getM ax Inactiv eInterv al () | 

long getCreationTim e() |

Objec t getAttribute(String) | 

Enum eration getAttributeNam es() |
String[] getValueNam es() |

vo id inv al idate() |

boolean is New() |

vo id remov eAttribute(String) |

vo id s etAttribute(String, Object));

s ta tic  adv ice(StandardSes sion s ): inva l idate(s ) {

before {

i f (!s.is Val id())
throw new Il legalStateExc eption

(s .s m .getString("s tandardSess ion." 

+ this Jo inPoint.m ethodName

+ ".ise"));

}
}

}

// --------------------------------- ------ ----- ------ ----- ------ - Priv ate Clas s

/**

* Th is  c las s  is  a  dum m y implem entation of the <c ode>HttpSes s ionContex t</c ode>

* in terfac e, to conform  to the requirem ent that s uc h an object be returned
* when <c ode>HttpSes sion.getSes sionContex t()</code> is c al led.

*

* @author Cra ig  R. M c Clanahan

*

* @deprec ated As  of Java Serv le t API 2.1 wi th  no rep lac em ent.  The
*  in terfac e wi l l be rem ov ed in a  fu ture vers ion of th is API.

*/

fina l  c las s StandardSess ionContext im plem ents HttpSes sionContex t {

priv ate Vector dumm y  = new Vec tor();

/**
* Return the s ess ion identi fiers  o f a l l  s ess ions defined

* wi th in  th is c ontex t.

*

* @deprec ated As  of Jav a Servle t API 2.1 wi th  no replac ement.
*  Th is  m ethod m us t return an empty <c ode>Enumeration</c ode>

*  and wi l l  be rem oved in  a  future v ers ion of the API.

*/

publ ic  Enum eration getIds() {

re turn (dum m y.e lem ents());

}

/**

* Return the <c ode>HttpSess ion</code> as soc iated wi th the

* s pec i fied sess ion identi fier.

*
* @param  id  Ses sion identi fier for whic h to  look  up a s es sion

*

* @deprec ated As  of Jav a Servle t API 2.1 wi th  no replac ement.

*  Th is  m ethod m us t return nul l  and wi l l  be rem oved in  a

*  fu ture v ers ion of the API.
*/

publ ic  HttpSess ion getSes sion(String id) {

re turn (nul l );

}

}

StandardSession

pac k age org.apache.tomc at.s es sion;

im port jav a.io.IOEx ception;
im port jav a.uti l .Enumeration;

im port jav a.uti l .Has htable;

im port jav a.uti l .Vec tor;

im port org.apac he.tom c at.catal ina.*;

im port jav ax .s erv le t.h ttp .Cook ie;
im port jav ax .s erv le t.h ttp .HttpSess ion;

im port org.apac he.tom c at.uti l .StringM anager;

im port org.w3c .dom .NamedNodeMap;

im port org.w3c .dom .Node;

/**

* Standard im plem entation of the <b>M anager</b> interfac e that prov ides

* no s es s ion pers is tenc e or d istributable c apabi l i ties, but does  support
* an optional , configurable, m axim um  num ber of active sess ions  a l lowed.

* <p>

* L i fec y c le  c onfiguration of th is  com ponent ass um es an XM L node

* in  the fo l lowing form at:

* <c ode>
*     &l t;M anager class Nam e="org.apac he.tom cat.sess ion.StandardM anager"

*              c heck Interva l="60" m ax Activ eSess ions="-1"

*              m ax Inactiv eInterv al="-1" />

* </c ode>
* where y ou c an adjus t the fo llowing param eters , wi th defaul t va lues

* in  s quare brac kets:

* <u l>

* <l i><b>c hec k Interv a l</b> - The in terv a l (in  s econds ) between bac k ground

*     thread c heck s for ex pi red s es s ions .  [60]
* <l i><b>m ax Ac tiveSess ions</b> - The m axim um  num ber of s es sions  al lowed to

*     be ac tive at once, or -1  for no l imi t.  [-1 ]

* <l i><b>m ax InactiveInterva l</b> - The defaul t m axim um  num ber of s ec onds  of

*     inac tiv ity  before whic h the s erv let conta iner is a llowed to tim e out
*     a  s es s ion, or -1 for no l im i t.  This  v a lue s hould be ov erridden from

*     the defaul t s es sion timeout speci fied in  the web appl ication deploym ent

*     des c rip tor, i f any .  [-1 ]

* </u l>

*
* @author Cra ig  R. M c Clanahan

* @v ers ion $Rev is ion: 1.1.1.1 $ $Date: 2000/05/02 21:28:30 $

*/

publ ic  final  c lass  StandardManager
ex tends M anagerBase

im plem ents  Li fec y cle , Runnable {

// -------------------------------------- ----- ------ ---- Ins tanc e Variables

/**

* The in terva l  (in  sec onds ) between chec k s for exp i red ses sions .
*/

priv ate int c heck Interva l  = 60;

/**
* Has  th is  com ponent been c onfigured yet?

*/

priv ate boolean c onfigured = fa lse;

/**

* The des crip tiv e in form ation about this  im plem entation.

*/

priv ate s ta tic fina l String info  = "StandardM anager/1.0";

/**

* The m ax imum  number of ac tiv e Sess ions a l lowed, or -1 for no l im i t.
*/

protec ted in t m ax Ac tiv eSess ions  = -1 ;

/**
* The s tring m anager for this  pack age.

*/

priv ate StringM anager s m  =

StringM anager.getManager("org.apache.tomc at.s es sion");

/**

* Has  th is  com ponent been s tarted y et?

*/
priv ate boolean s tarted = fa lse;

/**

* The bac kground thread.
*/

priv ate Thread thread = nul l ;

/**

* The bac kground thread c om pletion s emaphore.

*/

priv ate boolean threadDone = fals e;

/**

* Nam e to regis ter for the bac k ground thread.

*/

priv ate String threadNam e = "StandardM anager";

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

/**

* Return the c hec k in terv al  (in s ec onds) for th is M anager.

*/

publ ic  int getChec kInterv al () {

re turn (th is .chec k Interv a l);

}

/**

* Set the chec k  in terv al  (in  s econds) for this M anager.

*
* @param  c hec kInterv al  The new c hec k interva l

*/

publ ic  vo id s etCheck Interv a l (int chec k Interv a l) {

th is .check Interv a l  = c heck Interva l ;

}

/**

* Return desc rip tiv e inform ation about this  M anager implem entation and

* the c orresponding v ers ion num ber, in the form at

* <c ode>&l t;desc ription&gt;/&l t;v ers ion&gt;</c ode>.

*/
publ ic  String getIn fo() {

re turn (th is .in fo);

}

/**

* Return the m axim um num ber of activ e Ses s ions a llowed, or -1  for
* no l im i t.

*/

publ ic  int getMax ActiveSes s ions() {

re turn (th is .max ActiveSes s ions);

}

/**

* Set the m ax im um  num ber of ac tiv es  Ses sions  al lowed, or -1  for

* no l im i t.

*

* @param  m ax The new m axim um  num ber of s es s ions
*/

publ ic  vo id s etM ax Ac tiv eSess ions(in t max ) {

th is .m ax ActiveSess ions = m ax ;

}

// -------------------------------------- ----- ------ ----- --- Publ ic  M ethods

/**

* Cons truc t and return a new s ess ion ob jec t, bas ed on the defaul t

* s ettings s peci fied by  th is M anager' s properties.  The sess ion
* id  wi l l  be as signed by this  method, and av ai lab le v ia the getId()

* m ethod of the re turned s es s ion.  If a  new ses sion c annot be c reated

* for any  reas on, re turn <c ode>nul l</code>.

*

* @ex c eption Il legalStateEx ception i f a  new ses sion cannot be
*  ins tantia ted for any  reason

*/

publ ic  Ses s ion c reateSes sion() {

i f ((m ax Activ eSess ions >= 0) &&

(s es sions .siz e() >= m ax Ac tiv eSess ions))

throw new Il legalStateExc eption

(sm .getString("s tandardManager.c reateSes sion.ise"));

re turn (s uper.c reateSes sion());

}

// -------------------------------------- ----- ------ ----- L i fec y c le  M ethods

/**

* Configure th is c om ponent, based on the spec i fied c onfiguration

* param eters.  This  m ethod s hould be c a lled im mediately  a fter the

* c om ponent instanc e is c reated, and before <c ode>start()</c ode>
* is  c a l led.

*

* @param  param eters  Configuration param eters  for th is c om ponent

*  (<B>FIXM E: What ob jec t ty pe should th is  rea l ly be?)
*

* @ex c eption Il legalStateEx ception i f th is  com ponent has  al ready been

*  c onfigured and/or s tarted

* @ex c eption L i fec yc leEx ception i f th is c om ponent detects  a fata l error

*  in  the configuration param eters  i t was g iven
*/

publ ic  vo id c onfigure(Node param eters )

throws  L i fecy c leEx ception {

// Val idate and update our c urrent c omponent sta te
i f (c onfigured)

throw new L ifecy cleExc eption

(sm .getString("s tandardManager.a l ready Configured"));

c onfigured = true;
i f (param eters  == nul l)

re turn;

// Pars e and proc es s our c onfiguration param eters

i f (!("M anager".equals(parameters .getNodeNam e())))
re turn;

Nam edNodeM ap attributes = parameters .getAttributes();

Node node = nul l ;

node = attributes.getNam edItem ("c hec kInterv al ");

i f (node != nu ll ) {

try  {

setChec kInterv al (In teger.pars eInt(node.getNodeValue()));

} c atc h (Throwable t) {
;       // XXX - Throw ex ception?

}

}

node = attributes.getNam edItem ("m axAc tiv eSes sions ");
i f (node != nu ll ) {

try  {

setMaxAc tiveSes sions (In teger.pars eInt(node.getNodeValue()));

} c atc h (Throwable t) {
;       // XXX - Throw ex ception?

}

}

node = attributes.getNam edItem ("m axInac tiv eInterv al ");
i f (node != nu ll ) {

try  {

setMaxInac tiveInterv a l (Integer.pars eInt(node.getNodeValue()));

} c atc h (Throwable t) {

;       // XXX - Throw ex ception?
}

}

}

/**
* Prepare for the beginn ing of active us e of the publ ic  methods of this

* c om ponent.  This  method s hould be ca l led after <c ode>c onfigure()</c ode>,

* and before any of the public  methods  of the com ponent are util i zed.

*
* @ex c eption Il legalStateEx ception i f th is  com ponent has  not y et been

*  c onfigured (i f requi red for this  component)

* @ex c eption Il legalStateEx ception i f th is  com ponent has  al ready been

*  s tarted

* @ex c eption L i fec yc leEx ception i f th is c om ponent detects  a fata l error
*  that prevents  th is c om ponent from  being used

*/

publ ic  vo id s tart() throws  L ifecy c leExc eption {

// Val idate and update our c urrent c omponent sta te
i f (!c onfigured)

throw new L ifecy cleExc eption

(sm .getString("s tandardManager.notConfigured"));

i f (s tarted)
throw new L ifecy cleExc eption

(sm .getString("s tandardManager.a l ready Started"));

s tarted = true;

// Start the back ground reaper thread
threadStart();

}

/**

* Grac efu l ly  term inate the ac tiv e use of the publ ic  m ethods  of this

* c om ponent.  This  method s hould be the last one c a lled on a g iven

* ins tance of this  c omponent.
*

* @ex c eption Il legalStateEx ception i f th is  com ponent has  not been s tarted

* @ex c eption Il legalStateEx ception i f th is  com ponent has  al ready

*  been stopped

* @ex c eption L i fec yc leEx ception i f th is c om ponent detects  a fata l error
*  that needs to be reported

*/

publ ic  vo id s top() throws  Li fec y cleEx c eption {

// Val idate and update our c urrent c omponent sta te

i f (!s tarted)

throw new L ifecy cleExc eption

(sm .getString("s tandardManager.notStarted"));

s tarted = fals e;

// Stop the bac kground reaper thread

threadStop();

// Ex pi re a ll  active sess ions
Ses s ion sess ions [] = findSes sions ();

for (in t i  = 0 ; i  < sess ions.length; i++) {

StandardSess ion sess ion = (StandardSes sion) s es sions [i ];

i f (!ses sion.isVal id())
continue;

s ess ion.ex pi re();

}

}

// -------------------------------------- ----- ------ ----- -- Priv ate M ethods

/**

* Inv a l idate a l l s es s ions  that have ex pi red.

*/

priv ate v oid  process Expi res() {

long tim eNow = Sy stem .c urrentTimeM i ll is();

Ses s ion sess ions [] = findSes sions ();

for (in t i  = 0 ; i  < sess ions.length; i++) {
StandardSess ion sess ion = (StandardSes sion) s es sions [i ];

i f (!ses sion.isVal id())

continue;

in t m axInac tiv eInterv a l = s es sion.getM ax Inactiv eInterv al ();
i f (m ax Inactiv eInterv al  < 0)

continue;

in t tim eId le  = // Trunc ate, do not round up

(int) ((tim eNow - s es s ion.getLas tAcc es s edTime()) / 1000L);

i f (timeIdle  >= m ax Inac tiv eInterv al )
sess ion.ex pi re();

}

}

/**

* Sleep for the duration spec i fied by the <c ode>c hec kInterv al</code>

* property .

*/
priv ate v oid  threadSleep() {

try  {

Thread.sleep(c heck Interva l  * 1000L);

} c atc h (In terruptedEx c eption e) {
;

}

}

/**

* Start the back ground thread that wi l l  periodic al ly c heck  for

* s es s ion timeouts.
*/

priv ate v oid  threadStart() {

i f (thread != nu ll )

re turn;

threadDone = fa ls e;

thread = new Thread(this , threadName);

thread.s etDaem on(true);
thread.s tart();

}

/**

* Stop the bac k ground thread that is period ic al ly  c hec king for

* s es s ion timeouts.

*/
priv ate v oid  threadStop() {

i f (thread == nul l)

re turn;

threadDone = true;

thread.in terrupt();

try  {

thread.jo in();

} c atc h (In terruptedEx c eption e) {
;

}

thread = nul l ;

}

// -------------------------------------- ----- ------ ----- Bac k ground Thread

/**

* The bac kground thread that chec ks  for s es sion tim eouts  and shutdown.
*/

publ ic  vo id run() {

// Loop until  the term ination semaphore is  s et

whi le  (!threadDone) {
threadSleep();

proces sEx pi res();

}

}

}

StandardManager StandardSessionManager
pac k age org.apache.tomc at.s es sion;

im port jav a.io.IOEx ception;

im port jav ax .s erv le t.h ttp .Cook ie;

im port jav ax .s erv le t.h ttp .HttpSess ion;

im port org.apac he.tom c at.catal ina.*;

im port org.apac he.tom c at.core.Contex t;

im port org.apac he.tom c at.core.Reques t;

im port org.apac he.tom c at.core.Res ponse;

im port org.apac he.tom c at.core.Ses sionM anager;

im port org.apac he.tom c at.uti l .Ses sionUti l ;

/**

* Spec ia l iz ed implem entation of org.apac he.tom cat.core.Sess ionM anager

* that adapts  to the new com ponent-based M anager im plem entation.

* <p>

* XXX - At pres ent, us e of <c ode>StandardM anager</code> is hard coded,

* and l i fec yc le c onfiguration is not supported.

* <p>

* <b>IM PLEM ENTATION NOTE</b>:  Onc e we com mit to  the new M anager/Ses sion

* paradigm , I would s ugges t m oving the log ic  im plem ented here back  in to

* the c ore leve l.  The Tom c at.Next "M anager" interfac e acts  m ore l ike a

* c o l lec tion c las s, and has  m in im al  knowledge of the deta i led reques t

* proc es s ing s em antics  of handl ing sess ions .

* <p>

* XXX - At pres ent, there is no way  (v ia the Ses s ionManager in terfac e) for

* a  Contex t to  te ll  the M anager that we create what the default s es sion

* tim eout for this web appl ication (spec i fied in  the deploy m ent desc riptor)

* s hould be.

*

* @author Cra ig  R. M c Clanahan

*/

publ ic  final  c lass  StandardSes sionM anager

im plem ents  Ses sionM anager {

// -------------------------------------- ----- ------ ----- ----- Cons truc tors

/**

* Create a new Ses sionM anager that adapts  to  the corresponding M anager

* im plem entation.

*/

publ ic  StandardSes sionM anager() {

m anager = new StandardM anager();

i f (m anager instanc eof Li fec y cle) {

try  {

((L ifecy cle) m anager).c onfigure(nul l );

((L ifecy cle) m anager).s tart();

} c atc h (L i fec yc leEx ception e) {

throw new Il legalStateExc eption("" + e);

}

}

}

// -------------------------------------- ----- ------ ---- Ins tanc e Variables

/**

* The M anager im plem entation we are ac tua lly  us ing.

*/

priv ate M anager manager = nul l ;

// --------------------------------- ------ ----- ------ ----- -- Publ ic  M ethods

/**

* M ark  the spec i fied s es sion' s  last acc es s ed tim e.  This  s hould be

* c a l led for eac h reques t by  a RequestInterceptor.

*

* @param  s ess ion The s ess ion to  be mark ed

*/

publ ic  vo id acc es s ed(Context c tx , Reques t req, String id) {

HttpSes s ion s es s ion=findSess ion(c tx , id);

i f( s es sion == nul l) re turn;

i f (s es sion ins tanceof Sess ion)

((Ses s ion) s ess ion).ac ces s();

// c ache the HttpSes sion - avoid another find

req.s etSess ion( s es sion );

}

// XXX s hould we throw ex ception or jus t re turn nu l l  ??

publ ic  HttpSess ion findSes sion( Contex t c tx, String id  ) {

try  {

Ses sion ses sion = manager.findSess ion(id);

i f(s es s ion!=nul l )

return s es s ion.getSess ion();

} c atc h (IOEx c eption e) {

}

re turn (nul l );

}

publ ic  HttpSess ion createSess ion(Context ctx ) {

re turn  m anager.c reateSes sion().getSes sion();

}

/**

* Rem ov e a ll  s es sions  because our as soc iated Contex t is  be ing shut down.

*

* @param  c tx The c ontex t that is being s hut down

*/

publ ic  vo id rem ov eSess ions (Context ctx ) {

// XXX XXX a m anager m ay  be shared by  m ul tip le

// c ontexts , we jus t want to  remove the sess ions of c tx!

// The manager wi l l  sti l l run after that ( i.e . k eep databas e

// c onnection open

i f (m anager instanc eof Li fec y cle) {

try  {

((L ifecy cle) m anager).s top();

} c atc h (L i fec yc leEx ception e) {

throw new Il legalStateExc eption("" + e);

}

}

}

/**

* Us ed by  context to c onfigure the ses sion m anager' s inactiv ity  tim eout.

*

* The Ses s ionM anager m ay  hav e som e defaul t sess ion tim e out, the

* Contex t on the other hand has  i t' s  tim eout s et by  the deploym ent

* des c rip tor (web.xm l). Th is m ethod lets  the Contex t c onforgure the

* s es s ion m anager ac cord ing to  th is v alue.

*

* @param  m inutes The ses sion inactiv ity  tim eout in  m inutes .

*/

publ ic  vo id s etSess ionTim eOut(int minutes) {

i f(-1  != m inutes ) {

// The manager work s  wi th  seconds ...

m anager.s etM ax Inactiv eInterv al (m inutes  * 60);

}

}

}

ServerSessionManager

pac k age org.apache.tomc at.s es sion;

im port org.apac he.tom c at.uti l .*;

im port org.apac he.tom c at.core.*;

im port jav a.io.*;

im port jav a.net.*;

im port jav a.uti l .*;
im port jav ax .s erv le t.h ttp .*;

/**

*
* @author J am es  Dunc an Davidson [duncan@eng.s un.com ]

* @author J as on Hunter [jc h@eng.sun.c om]

* @author J am es  Todd [gonzo@eng.sun.c om ]

*/

publ ic  c lass  Serv erSes sionM anager implem ents  Ses sionM anager {

priv ate StringM anager s m  =

StringM anager.getManager("org.apache.tomc at.s es sion");

priv ate s ta tic Serv erSes s ionManager m anager; // = new ServerSess ionManager();

protec ted in t inac tiv eInterv al  = -1 ;

s ta tic  {
m anager = new ServerSess ionManager();

}

publ ic  sta tic  Serv erSes sionM anager getM anager() {

re turn m anager;
}

priv ate Has htable s es sions  = new Hashtable();

priv ate Reaper reaper;

priv ate ServerSess ionManager() {

reaper = Reaper.getReaper();

reaper.setServ erSes sionM anager(th is);

reaper.start();
}

publ ic  vo id acc es s ed( Context ctx , Reques t req, String id  ) {

Appl ic ationSes s ion apS=(Appl ic ationSess ion)findSes sion( c tx, id);

i f( apS==nul l ) return;

Serv erSess ion serv S=apS.getServ erSes sion();

s erv S.acc es sed();

apS.acc ess ed();

// c ache i t - no need to  com pute i t again

req.s etSess ion( apS );

}

publ ic  HttpSess ion createSess ion(Context ctx ) {

String s es sionId = Sess ionIdGenerator.generateId();

Serv erSess ion ses sion = new Serv erSess ion(ses sionId);

s es s ions.put(s es sionId, s es s ion);

i f(-1  != inac tiv eInterv al ) {

s es s ion.s etM axInac tiv eInterv a l(inac tiveInterv a l );

}

re turn s es sion.getAppl icationSes sion( c tx, true );
}

publ ic  HttpSess ion findSes sion(Contex t c tx, String id) {

Serv erSess ion sSess ion=(ServerSess ion)s es sions .get(id);

i f(s Ses sion==nul l ) re turn nu l l;

re turn s Ses sion.getAppl icationSes sion(c tx, fals e);

}

// XXX

// s y nc ' d for s afty  -- no other thread s hould be getting som eth ing

// from  th is whi le we are reaping. Th is isn ' t the m os t optim al
// s o lu tion for this , but we ' ll  determine s om eth ing els e later.

s y nc hroniz ed vo id reap() {

Enum eration enum  = s es sions .keys ();

whi le  (enum .hasM oreElem ents()) {

Object key  = enum .nextElem ent();

Serv erSes sion s es sion = (Serv erSess ion)ses sions .get(k ey);

s ess ion.reap();

s ess ion.v a lidate();

}

}

s y nc hroniz ed vo id remov eSess ion(ServerSess ion sess ion) {

String id = ses sion.getId();

s es s ion.inva l idate();

s es s ions.remov e(id);
}

publ ic  vo id rem ov eSess ions (Context context) {

Enum eration enum  = s es sions .keys ();

whi le  (enum .hasM oreElem ents()) {

Object key  = enum .nextElem ent();

Serv erSes sion s es sion = (Serv erSess ion)ses sions .get(k ey);

Applic ationSess ion appSess ion =
sess ion.getApplic ationSess ion(c ontex t, fals e);

i f (appSes sion != nu l l) {

appSess ion.inv al idate();
}

}

}

/**
* Us ed by  context to c onfigure the ses sion m anager' s inactiv ity  tim eout.

*

* The Ses s ionM anager m ay  hav e som e defaul t sess ion tim e out, the

* Contex t on the other hand has  i t' s  tim eout s et by  the deploym ent

* des c rip tor (web.xm l). Th is m ethod lets  the Contex t c onforgure the
* s es s ion m anager ac cord ing to  th is v alue.

*

* @param  m inutes The ses sion inactiv ity  tim eout in  m inutes .

*/
publ ic  vo id s etSess ionTim eOut(int minutes) {

i f(-1  != m inutes ) {

// The manager work s  wi th  seconds ...

inac tiveInterv a l  = (m inutes  * 60);

}
}

}

SessionInterceptor
pac k age org.apache.tomc at.request;

im port org.apac he.tom c at.core.*;

im port org.apac he.tom c at.uti l .*;

im port jav a.io.*;

im port jav a.net.*;

im port jav a.uti l .*;
im port jav ax .s erv le t.h ttp .*;

/**

* Wi l l  proc es s  the request and determ ine the s es s ion Id , and set it
* in  the Reques t.

* It a ls o m ark s the sess ion as  ac cess ed.

*

* Th is  im plem entation on ly handles Cookies ses sions , p lease ex tend or

* add new in terc eptors for o ther m ethods.
*

*/

publ ic  c lass  Ses sionInterc eptor extends  BaseInterc eptor im plem ents RequestIn terc eptor {

// GS, s eparates the s es sion id from the jvm  route
s tatic  fina l  c har SESSIONID_ROUTE_SEP = ' .' ;

in t debug=0;

Contex tM anager c m;

publ ic  Ses s ionInterc eptor() {

}

publ ic  vo id s etDebug( in t i ) {

Sy s tem .out.println("Set debug to  " + i );
debug=i ;

}

publ ic  vo id s etContex tM anager( Contex tM anager c m ) {
th is .cm =c m;

}

publ ic  int reques tMap(Reques t reques t ) {

String s es sionId = nul l ;

Cook ie cook ies []=request.getCook ies (); // ass ert !=nul l

for( in t i=0; i<c ook ies .length; i++ ) {

Cook ie cook ie = cookies[i ];

i f (c ookie.getNam e().equals ("JSESSIONID")) {

sess ionId = cook ie.getValue();

sess ionId=v al idateSes sionId(reques t, s es sionId);
if (s es sionId!=null ){

reques t.s etReques tedSes sionIdFrom Cookie(true);

}

}

}

String s ig=";jsess ion id=";

in t foundAt=-1;

i f( debug>0 ) c m.log(" XXX RURI=" + reques t.getRequestURI());

i f ((foundAt=reques t.getReques tURI().indexOf(s ig))!=-1){
s ess ionId=request.getReques tURI().s ubs tring(foundAt+sig.length());

// rewri te URL, do I need to  do anyth ing m ore?

reques t.s etRequestURI(reques t.getReques tURI().s ubstring(0, foundAt));

s ess ionId=v al idateSess ionId(reques t, ses sionId);
i f (s es sionId!=null ){

reques t.s etRequestedSes sionIdFrom URL(true);

}

}

re turn 0;
}

// XXX what is  the c orrec t behavior if the sess ion is inv al id  ?

// We m ay  sti l l s et i t and jus t re turn s es sion inv a lid .

/** Val idate and fix the sess ion id. If the ses sion is not va l id  re turn nu ll .

*  It wi l l  a ls o clean up the s ess ion from  load-balanc ing strings .

* @return s ess ionId, or nu ll  i f not v al id

*/
priv ate String va l idateSes s ionId(Request reques t, String s es sionId){

// GS, We p iggybac k the J VM id on top of the ses sion cookie

// Separate them  ...

i f( debug>0 ) c m.log(" Orig  s es sionId  " + ses sionId );
i f (nu l l  != ses sionId) {

in t idex  = s ess ionId.las tIndex Of(SESSIONID_ROUTE_SEP);

i f(idex  > 0) {

sess ionId = sess ionId.s ubstring(0, idex);
}

}

i f (s es sionId != nu l l  && s es sionId.length()!=0) {

// GS, We are in  a problem  here, we m ay  ac tua l ly  get
// m ul tiple Sess ion cook ies  (one for the root

// context and one for the rea l c ontex t... or o ld s es sion

// cookie. We must c heck  for v al idi ty  in  the c urrent c ontext.

Contex t c tx=request.getContext();
Ses sionM anager sM  = ctx .getSess ionM anager();    

i f(nul l  != s M .findSess ion(c tx , s ess ionId)) {

sM .ac ces sed(c tx, request, s ess ionId );

reques t.s etRequestedSes sionId(s ess ionId);

if( debug>0 ) c m .log(" Final  s es sion id " + s es sionId );
return s es s ionId;

}

}

re turn nul l ;

}

publ ic  int beforeBody ( Reques t rreques t, Res pons e res pons e ) {
String reqSess ionId = respons e.getSes s ionId();

i f( debug>0 ) c m.log("Before Body  " + reqSes sionId );

i f( reqSess ionId==nul l )

re turn 0;

// GS, s et the path attribute to the cook ie. This  way

// m ul tip le s es sion c ookies c an be us ed, one for each

// c ontext.
String s es sionPath = rreques t.getContex t().getPath();

i f(s es sionPath.length() == 0) {

s ess ionPath = "/";

}

// GS, p iggy back  the jv m  route on the sess ion id .

i f(!s es sionPath.equals("/")) {

String jvm Route = rreques t.getJ v mRoute();

i f(nul l  != jv mRoute) {

reqSes s ionId = reqSes s ionId + SESSIONID_ROUTE_SEP + jv m Route;
}

}

Cook ie cook ie = new Cookie("JSESSIONID",
reqSes s ionId);

c ook ie.setMax Age(-1);

c ook ie.setPath(ses sionPath);

c ook ie.setVers ion(1);

res pons e.addHeader( Cook ieTools .getCook ieHeaderNam e(c ook ie),

CookieTools .getCook ieHeaderValue(cook ie));

c ook ie.setVers ion(0);

res pons e.addHeader( Cook ieTools .getCook ieHeaderNam e(c ook ie),
CookieTools .getCook ieHeaderValue(cook ie));

re turn 0;

}

/** Noti fic ation of c ontex t s hutdown

*/

publ ic  vo id c ontex tShutdown( Contex t ctx  )

throws  Tomc atEx c eption
{

i f( c tx .getDebug() > 0 ) c tx.log("Rem oving s es sions  from  " + c tx );

c tx .getSess ionManager().rem oveSes s ions (c tx);

}

}

ServerSession

pac k age org.apache.tomc at.s es sion;

im port org.apac he.tom c at.core.*;
im port org.apac he.tom c at.uti l .StringM anager;

im port jav a.io.*;

im port jav a.net.*;

im port jav a.uti l .*;

im port jav ax .s erv le t.*;
im port jav ax .s erv le t.h ttp .*;

/**

* Core im plem entation of a s erv er sess ion
*

* @author J am es  Dunc an Davidson [duncan@eng.s un.com ]

* @author J am es  Todd [gonzo@eng.sun.c om ]

*/

publ ic  c lass  Serv erSes sion {

priv ate StringM anager s m  =

StringM anager.getManager("org.apache.tomc at.s es sion");

priv ate Has htable v alues  = new Hashtable();
priv ate Has htable appSes s ions = new Has htable();

priv ate String id ;

priv ate long c reationTime = Sys tem .currentTim eM i l lis ();;

priv ate long th is Ac cess Time = creationTim e;
priv ate long lastAc cess ed = creationTim e;

priv ate int inactiv eInterv al  = -1;

Serv erSes s ion(String id) {

th is .id = id;
}

publ ic  String getId() {

re turn id;
}

publ ic  long getCreationTim e() {

re turn c reationTim e;

}

publ ic  long getLas tAcc es sedTim e() {

re turn las tAcc es s ed;

}

publ ic  Appl icationSes sion getAppl ic ationSess ion(Contex t c ontex t,

boolean c reate) {

Appl ic ationSes s ion appSess ion =

(Appl ic ationSess ion)appSes sions .get(contex t);

i f (appSes sion == nul l && c reate) {

// XXX

// sy nc to ens ure va l id?

appSess ion = new Appl ic ationSess ion(id, this , c ontex t);

appSess ions.put(c ontex t, appSess ion);

}

// XXX

// m ak e s ure that we hav en ' t gone over the end of our

// inactive in terv a l  -- i f so, inv al idate and create

// a  new appSess ion

return appSes sion;

}

v o id  rem oveAppl ic ationSess ion(Contex t c ontex t) {
appSess ions.rem ov e(c ontext);

}

/**
* Cal led by  c ontex t when reques t c om es in s o that ac cess es and

* inac tiv ities can be deal t wi th  ac cord ing ly.

*/

v o id  ac cess ed() {
// s et last ac c es sed to  th isAc cess Tim e as i t wi l l  be le ft ov er

// from  the previous  ac ces s

las tAc cess ed = th isAc ces sTim e;

th is Ac cess Time = Sy s tem .currentTim eM i ll is ();

}

v o id  v a lidate()

v o id  v a l idate() {

// i f we have an inactive interva l , c hec k to s ee if

// we ' v e exc eeded i t

i f (inactiv eInterv al  != -1) {

in t th isInterv al  =

(int)(Sy stem .c urrentTimeM il l is() - lastAc ces sed) / 1000;

i f (this Interv a l  > inac tiv eInterv al ) {

inv al idate();

Serv erSes sionM anager s sm  =
Serv erSes s ionM anager.getM anager();

ss m .rem ov eSes sion(th is);

}

}
}

s y nc hroniz ed vo id inv al idate() {

Enum eration enum  = appSes s ions .key s();

whi le  (enum .hasM oreElem ents()) {

Object key  = enum .nextElem ent();

Applic ationSess ion appSess ion =

(Appl ic ationSess ion)appSes s ions.get(k ey );

appSess ion.inv al idate();

}

}

publ ic  vo id putValue(String name, Object v alue) {

i f (nam e == nul l ) {

String m sg = sm .getString("serv erSes sion.v alue.iae");

throw new Il legalArgum entExc eption(m sg);

}

rem ov eValue(nam e);  // rem ove any exis ting b ind ing

v alues .put(nam e, v alue);
}

publ ic  Objec t getValue(String name) {

i f (nam e == nul l ) {

String m sg = sm .getString("serv erSes sion.v alue.iae");

throw new Il legalArgum entExc eption(m sg);

}

re turn v alues .get(name);

}

publ ic  Enum eration getValueNam es () {

re turn v alues .k eys ();
}

publ ic  vo id rem ov eValue(String nam e) {

v a lues .remove(nam e);

}

publ ic  vo id s etM ax Inactiv eInterv al (in t in terv al ) {

inac tiv eInterv a l = interva l ;

}

publ ic  int getMax InactiveInterva l () {

re turn inactiv eInterv al ;

}    

// XXX

// s y nc ' d for s afty  -- no other thread s hould be getting som eth ing

// from  th is whi le we are reaping. Th is isn ' t the m os t optim al

// s o lu tion for this , but we ' ll  determine s om eth ing els e later.

s y nc hroniz ed vo id reap() {

Enum eration enum  = appSes s ions .key s();

whi le  (enum .hasM oreElem ents()) {
Object key  = enum .nextElem ent();

Applic ationSess ion appSess ion =

(Appl ic ationSess ion)appSes s ions.get(k ey );

appSess ion.va l idate();
}

}

}

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

� Configuration files, XML parsing

� Processing implemented with few classes

� HTTP requests, regular expressions

� Processing scattered everywhere

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

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

� Same processing repeated throughout the application code

� Obscure code

� Code structure is not explicit

� Global code architecture difficult to understand

� Difficult to change/maintain code

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

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

� Very few tools to help...



3
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AOP Principles

� Separate tangled code

� Minimize inter-code dependancies

� All processings should have
� a clear objective

� a well-defined modular structure

� Aspects
� Modular processings that can be 

“mixed”/composed/tangled/organized together

Aspect-Oriented Programming
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Outline

1. Introduction to AOP

2. Introduction to AspectJ

3. Syntax of AspectJ

4. Software Development with AspectJ

5. Conclusion and References
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AOP Definition

� AOP = Aspect-Oriented Programming

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

� A software system comprises:

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

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

� How do we do AOP?

1. Decompose a system into aspects

2. Implement the aspects

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

� Separate the software processings into :

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

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

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

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

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

� Specify rules for composing aspects

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

� Composition process: integration or weaving

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

applicational aspect

system aspect

composition rule
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How to AOP?

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

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

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

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

aspects 
fonctionnels

aspects 
fonctionnels

functional 
aspects 

aspects 
fonctionnels

aspects 
fonctionnels

system
aspects

composition
rules

AOP compiler

final system

Java

Java

AspectJ AspectJ compiler

Java
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Outline

1. Introduction to AOP

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

3. Syntax of AspectJ

4. Development with AspectJ

5. Conclusion and Refs
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Composition in AspectJ

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

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

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

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

operations
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Composition elements in 
AspectJ

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

aspects

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

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

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

� Example

� The Account join points include

� the execution of the credit method

� the access to the balance attribute

public class Account {
float balance;

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

}
}
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Pointcut

� Definition
� A pointcut is used to select a given join point

and access the execution context of that join point

� Example

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

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

the method is called, the method’s parameters

execution (void Account.credit(float))
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Advice

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

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

� Example

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

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

}
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Introduction

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

� Example

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

BankingAccount interface
� add a new attribute _minimalBalance to Account

declare parents : Account implements BankingEntity;

private float Account._minimalBalance;
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Compile-time declaration

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

� Example

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

class is called

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

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

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

� Example

public aspect ExampleAspect {
declare parents : Account implements BankingEntity;

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

}

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

}
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Programming Methodology

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

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

� Implementation
1. Declaration of an aspect: 

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

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

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

� Application

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

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

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

}

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

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

}
}
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Example Hello (2 / 4)

� Compilation Java

� Execution

� javac Communicator.java Test.java

� java Test

Want to learn AspectJ?

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

� Aspect

public aspect HelloAspect {

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

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

}

}

� Declaration of an aspect

� Declaration of a pointcut

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

� Compilation AspectJ

� Execution

� ajc Communicator.java Test.java HelloAspect.java

� java Test

Hello! Want to learn AspectJ?

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

� Initial application

package banking;

public class Account {
float balance;

void credit(float amount) {

this.balance += amount;

}

void debit(float amount) {

this.balance -= amount;

}
}
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Tracing Example (2 / 4)

� Hand-coded modifications

package banking;

public class Account {
float balance;

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

}

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

}
}
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Tracing Example (3 / 4)

� Aspect-based automatic tracing

public aspect AutoLogAspect {

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

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

}

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

} }
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Tracing Example (4 / 4)

initial 
application

tracing 
module

authomatic 
tracing 
aspect

AOP compiler

application with tracing

Java

Java

AspectJ

AspectJ compiler

Java
Account

Logger

AutoLogAspect

Account + Logger
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Outline
1. Introduction to AOP

2. Introduction to AspectJ

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

4. Software Development with AspectJ

5. Conclusion and Refs 
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signature
pointcut type

pointcut name
keyword

access mode

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

� Example

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

Pointcut
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signature
pointcut type

pointcut name
keyword

access mode

Signature of a pointcut

� Example

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

� Signature of a pointcut

� Signature of a type

� Signature of methods/constructors 

� Signature of an attribute
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Pointcut : Type Signature

Signature

Account Type (classe / interface) called Account

Associated types

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

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

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

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

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

Associated methods

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

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

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

Signature

public void 
Collection.clear()

public void 
Account.set*(*)

* Account.*()

public void 
Account.*(..)

* *.*(..) throws 
RemoteException

All methods raising exception of type RemoteException
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Pointcut : 
Constructor Signature

public constructor of the class Account, no parameters

Associated constructors

public constructor of the class Account, one int parameter

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

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

Signature

public 
Account.new()

public 
Account.new(int)

public 
Account.new(..)

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

The private attribute balance of the class Account

Associated attributes

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

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

All attributes of all classes

Signature

private float 
Account.balance

* Account.*

public static * 
banking..*.*

* *.*
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� Unary Operator : !

� Binary Operators : && (and) || (or)

Pointcut Operators

All public and non final attributespublic !final *.*

All types different from Vector!Vector

Type Vector or HashtableVector || Hashtable

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

pointcut name

keyword

access mode

� Example

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

� Type of a pointcut

� Call of a method, constructor

� Execution of a method, constructor

� Access to an attributed in read, write mode

pointcut Type

© S. Bouchenak Adaptive Computing Systems 46

Types of pointcuts

SyntaxPointcut Type

call(signature_method)method call

execution(signature_method)method execution

call(signature_constructor)constructor call

execution(signature_constructor)constructor execution

class initialization staticinitialization(signature_type)

read access to an attribute get(signature_attribute)

write access to an attribute set(signature_attribute)

exception handler handler(signature_type)
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� Example

Call vs. Execution (1 / 5)

public class Account {
float balance;

void credit(float amount) {

this.balance += amount;    
}

}

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

Account account = new Account();

accout.credit(100);    
}

}

execution

call
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� Aspect using the call

Call vs. Execution (2 / 5)

public aspect AutoLogAspect_Call {

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

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

}

}
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� Application of AutoLogAspect_Call

Call vs. Execution (3 / 5)

public class Account {
float balance;

void credit(float amount) {

this.balance += amount;    
}

}

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

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

}
}
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� Aspect using execution

Call vs. Execution (4 / 5)

public aspect AutoLogAspect_Execution {

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

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

}

}

© S. Bouchenak Adaptive Computing Systems 51

� Application of AutoLogAspect_Execution

Call vs. Execution (5 / 5)

public class Account {
float balance;

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

}
}

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

Account account = new Account();

accout.credit(100);    
}

}
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Control Flow Pointcuts

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

Description

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

All join points in the control flow of the pointcut creditMethodCall

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

Pointcut

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

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

cflow(
creditMethodCall())

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

cflow / cflowbelow 

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

Account account = new Account();

accout.credit(100);    
}

}
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cflow / cflowbelow 

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

float getBalance() {

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

}

void setBalance(float b) {

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

}

void credit(float amount) {

setBalance(getBalance() + amount);    
}

}
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cflow / cflowbelow : 

public class Database {

float query(String sqlQuery) {

… reading data from the database

}

void update(String sqlQuery) {

… writing data to the database

}

}
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� Control flow

cflow / cflowbelow 

Test.main

Account.credit
new 

Account

Account.getBalance Account.setBalance

Database.query Database.update
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� Aspect using cflow

cflow 

public aspect AutoLogAspect_CallF {

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

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

}

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

cflow

Test.main

Account.credit
new 

Account

Account.getBalance Account.setBalance

Database.query Database.update
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� Example

cflow

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

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

}
}
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cflow

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

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

}

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

}

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

}
}

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

cflowbelow 

public aspect AutoLogAspect_CallFB {

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

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

}

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

cflowbelow

Test.main

Account.credit
new 

Account

Account.getBalance Account.setBalance

Database.query Database.update
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� Example

cflowbelow 

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

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

}
}
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cflowbelow

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

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

}

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

}

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

}
}



17

© S. Bouchenak Adaptive Computing Systems 65

Pointcuts related to lexical 
structure

All join points in the class Account 

Description

All join point in the class Account and in its subclasses

All join points in the method credit of the class Account

Pointcut

within(Account)

within(Account+)

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

Example with within

public aspect AutoLogAspect_Execution {

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

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

}

}
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� this(Type) or this(ObjectIdentifier)

� target(Type) or  target(ObjectIdentifier)

Pointcuts related to execution 
object

DescriptionPointcut

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

this(Account)

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

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

Pointcuts arguments

DescriptionPointcut

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

args(String,..,int)
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pointcut name

specification of advice

Advice

� Advice : 

� Code to execute at a join point

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

… advice body
}

� Example
before () : printCall () {

… advice body
}
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pointcut type

advice specification

signature

Advice : Syntax

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

… advice body

}

� Example

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

… advice body
}
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� Advice before

� executes before join point

� Advice after

� executes after join point

� Advice around

� surrounds execution of join point

Types of advice
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� Example

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

… authentify the user
}

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

executed

� Examples
� Tracing, authentification, etc.

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

… trace all terminations
}

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

… 
}

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

… trace the exception
}

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

… new implementation of the method
}

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

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

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

}

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

� Parameter passing

before (Account account , float amount  ) :

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

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

� Get the result

after returning (Object object ) :

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

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

� Get the exception 

after throwing (RemoteException except ) :

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

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

1. Introduction to AOP

2. Introduction to AspectJ

3. Syntax of AspectJ

4. Software Development with AspectJ

5. Conclusion and Refs

© S. Bouchenak Adaptive Computing Systems 79

AspectJ Compiler

� ajc command

classes and 
aspects Java 

(.java) 

library (.jar) 

final system 
(.class ou .jar) 

compiler 
AspectJ 

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

� AOP: what for?

� EXtend an existing system so as to integrate new 
behaviors 

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

� AOP / AOSD
http://www.aosd.net 

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

� AOP in C, C++
http://www.aspectc.org/ 
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Agenda
Lecture, Monday, 14:00 – 17:00 Lab, Monday, 14:00 – 17:00

Introduction to adaptive computing systems

Java Management eXensions – JMX

AOP-based adaptive systems

Introduction to AspectJ

Interruption week

Non-functional aspects of computing systems (logging, 
security, dependability, etc.)

Logging with AspectJ

Autonomic computing 
(case studies)

Security with AspectJ

Self-adaptive systems 
(case studies)

Dependability with AspectJ

-

Interruption week

Summary and future directions

Evaluation


