J2EE a |
best p ac
design pat

R e
Al L

=

LA - - B ! X - . . Lkttt O e - R S o T - Taeny STk . T L e e
=11 e e ) ' i 3 . LS R et b mne = "~ 4










.About the Author

Itm Keogh teaches courses on Java Application Development, including J2EE, at
Columbia University and is a member of the Java Community Process Program. He
developed the first e-commerce track at Columbia and became its first chairperson. Jin
spent more than a decade developing advanced systems for major Wall Street firms.
Jim introduced PC programming nationally in his Popular Electronics Magazine
column in 1982, 4 years after Apple Computer started in a garage. He was also a team
member who built one of the first Windows applications by a Wall Street firm, featurec
by Bill Gates in 1986. Jim is the author of 54 books, several best-selling computer books
He is also a faculty member, Graduate School, Saint Peter's College, Jersey City, NJ.

About the Technical Editors

T X -
=

- Richard V. Dragan is a member of the faculty of Columbia Us iversity where he
helped developed and teaches the Java Application Devel opment lab course. This
course 1s where advanced students build a working J2EE application as part of their
graduation requirement. Dragan is also a Java consultant and frequent contributor to
PC Magazine and Computer Shopper (where he wrote a programming column for
four years) and has published over 120 articles and reviews over the past seven years.
Currently, he also is a contributing editor for programming books for amazon.com
where he writes a monthly electronic mailing of recommended programming titles.
He is completing his Ph.D. at CUNY and writes fiction and plays classical guitar in his
spare time.

Ken Davidson uses J2EE to develop mission critical systems for the Pepsi Business
Support Group. He is on the faculty of Columbia University where he teaches course in
J2EE technologies including EJB, JMS, and JNDI. Davidson was a senior member of the
development team and design and implement the live auction site for eBay using Java
technology. |

Richard Weiss is a member of the faculty of Columbia University where he has

- spent several years teaching Java in the Electronic Commerce Track. Weiss has more
than 10 years experience and is director of support for a software development

- company in New York City. Previously he directed technology projects for an airline
~ and for NYU Medical Center that included WAN /LAN technologies, programming /

- application projects, and Web design and architecture projects. Weiss receive_d__.hiS’_;BQS;

~in applied physics from SUNY Binghamton ml 989-



Jim Keogh

Tata McGraw-Hill Publishing Company Limited
NEW DELHI

- McGraw-Hill Offices

New Delhi New York St Louis San Francisco Auckland Bogotd Caracas
Kuala Lumpur Lisbon London Madrid Mexico City Milan Montreal
San Juan Santiago Singapore Sydney Tokyo Toronto



| Tata McGraw-Hill

J2EE "Y' The Complete Reference

Copyright € 2002 by The McGraw-Hill Companies, Inc. All rights reserved. No part of this
publication may be reproduced or distributed in any form or by any means, or stored in a
database or retrieval system. without the prior written permission of the publisher, with the
exception that the program listings may be entered. stored. and executed in a computer system,
but they may not be reproduced for publication.

Tata McGraw-Hill Edition 2002

Seventh reprint 2004
RZZYCRAIRYDXZ

Reprinted in India byﬁ}irrangement with The MCGraw-Hill Companies Inc., New York
Sales territories: India, Pakistan, Ne pai, Bangladésh. Sri Lanka and Bhutan

ISBN _Q-p_'?_-oszm 2-4

Pubnshed bj, ’l"..ﬁta McGraw-Hill Publishing Company Limited,

7 West Patel Nagar, New Delhi 110 008, and printed at
Polykam Printers, shahdara, Delhi 110093

| The McGraw-Hill Companies ' .. e




Dedicated to Amber-Leigh Christine, the light of our lives






Acknowledgments ......... ... ool

St o o b e B B R AT €S W e

Gl J2EE Basics

Java 2 Enterprise Edition Overview ...
The ABC of Programming Languages .........
The B and C of Programming Languages
Taking Programming Languages Up a Notch
The Beginning of Java .
Tava and U4+ sassrarwssmpnsdapnms =
Java Bytecode .......civsnissiviniiiiiiiaan.
The Advantagesof Java ........... ... ...t
Applets <. :.
Built for a Robust Environment
Built-irt Reliability .....cov0 nen05 000

*
L]
Le]
L]
]
L]
&
L
L1
-
L ]
-
k|
L]
u
*
L]
L]
-
»
-
L

-
-
L ]
-
L ]
-
[ ]
-
L]
k|
=
’
[ ]
o
-
3
n
1]
L]
[
L
L

-
£ 3
i
L ]
L ]
[ ]
L 3
&

"X X111
XXV




viii J2EE: The Complete Reference

PEEand JISE ... i i5c s @i iaimiospiesos sameassmemesmsm 15
The Birth of J2EE .. oo e e e 16
Databases .........iiiiiii 17
The Mattring of Java ... iv v snsnssmsnsvsensons 17
Java Beans and Java Message Service .................. 18
Why JREE? siniservivrsvimimcsmimermimenmamuamnsion s 18

Looking FORWAEEL ......comcsmamscromemeadimis d i@ psds@inssmi 973 |

2 J2EE Multi-Tier Architecture ......covmeiiiimcnnss s 20

Distributive Systems ..........cviiiiiiii i G & 24
Real-Time TransmisSSiOn . ... ..ottt 2
Software Objects ..........oiiiiiiiiiiiiii i 26
Web SBP0i0BE .. .nvnmenii s s S Ei SIS EIGEIRETE R Er e 26

B AT o o L s o G B 0 T B 000 B S B R N R K O R N /
Clients, Resources, and Components .................. 29
ACCeSSING SErVICeS . ... oot 30

[2EE Multi-Tier Architecture .......c:0 iimivierssivivianan. ., A

Client Tier Implementation ...........cvviiiiiiiiiiiiat, 32
Classification of Clients .. ... ... ... 33

Web Tier Implementation ................ i, 34

Enterprise JavaBeans Tier Implementation .................... 30

Enterprise Information Systems Tier Implementation ........... 36

Challenipes ....ccovssmimes ermrmssmemsmvamismensncsmamnress 37

3 J2EEBestPractices .......icsusssisssssvssssnannen 39

Enterprise Application Strategy ........ G ESRANEAEE AP E L 40
A New Strategy .......... B B KB W R N B E e e e 41

The Enterprise Application ......... ...y 42

B Tt R S I 43
Clert Presotitalion o ..cowvrmemrome s bd 44555 §RBEH 559 5 5 43
Client Input Validation ............. 518 0 7 R 3 e o e 45
Chent Conbrol . .cvnssndmsinss o o e o e o 6 o 3 46
Duplicate Client Requests .............. ...t 48

Sessions Management ................. R T I 11 ] 50
Clierit-Sicle Sessioti State ... coninmssnspismimssginmss oamp 50
Server-Side Session State  ........ ... <

Web Tier and JavaServer Pages .........c.viemmmvncencnnensn. 54
Presentation and Processing ............. ... ... 3D
The Inclusion Strategy .........c.ocinivvcniniinivsns. 56
Style Sheets ..........oviiiiiiiiiiiiiiiiiiiii 57
Simplify Error Handling . .. .. TN . e o § 1 B 57

Enterprise JavabBeans 10 S PR e ity o NPT PP g 58

" Entity to Enterprise JavaBeans Relationship ............ 59
Efficient Data Exchange .. co.ovvinrinniivivisisnnans 59



Contents

Enterprise JavaBeans Performance .................... 60
Consider Purchasing Enterprise Javabeans ............ . 60

The Model-View-Controller MVC) ... it | 61

The Myth of Using Inheritance ........... ... ..ot 62
Interfaces and Inheritance ...... ... 63
Composition and Inheritance ........ SR S — 63
Potential Problems with Inheritance ... ... S T— 64
Maintainable Classes .........cccniviinmsvinserinson. sebderss s s 65
Performance FNRAncements . ....o.oueereneneaneuanennann L 66
The Power of INterfaces . iosevsvswroscnadvanamenes s ssosasss 67
The Power of Threads . i« vssvamsmvmnsunmenisnssobssss s esns 68
The Power of NotHHCAtHON . v ccm v ma v nmeims sl 8@ B 70
P -E Design Patterns and Frameworks .............. 73
The Pattern Concept  ..........covveinnons i R T 74
PatternCatalog .........coovimnniieniiiiiiiiiiienn, to g 0 e i
Handle-Forward pattern  ........ccoivivivinnnnnnnn, 7
Vet PROIIE o oowr iy sw o9 aui s e wm 5 awe w0 n e xme s w0 om0 w 22 i
Distributor Pattern .. ... oo vt 79
Brosdoaster Patlernl oo cu v s v vumnsvumemonas onmesma s 81
Fiorts B Patloril: . o U s o s i wle moss s nont wer o bilhesd § 8105 3 2

Status Flag Pattern ....c..covoiiiiian .. R T 84
Sequencer Pattern ..........iiiiii i, 85
Behavior Separation Pattern  ............... ... .00 37
Consolidator Pattern . ....5: s s 559w P T o 8 g v i 0 2 39
Simplicity Pattern. . .....ooisviiiiimiviiniiiiinina., 91

Stoalth Pattern G2

- J2EE Databases

J2EE Database Concepts ......... Y e W 97
TRES -« .o 0 v s v s s i 3 e B A BT K R 6 L 08
TV RIGBO oo oo s 5w« o i o i 4 S B RN S Py s wan 98
TADIES .. ocnvow w omom o o e 08 %8 58 R e 99
DatabBaso SCBIA . cvnvvwmimamshid i g e P e 99
Identifying Information ........... ..o 100
Decomposing Attributes to Data ............. S s g 104
Decomposing by Example ............ ... oo 107
DefiningData ......civieiiniiiiiiiiiiiiiiininses 107

The Art of Choosinga Name ...............ccoovvonens 108
Normalizing Data ...........ocooiiiiiiiiiiiiiiness 109

The Normalization Process ............. - J . T 110
GroupingData ................ R R S e 110

i



X

J2EE: The Complete Reference

Creating Primary Keys .......... ... ... . ... ... ...,
Funictional Dependency ......:oiacisinssvininaisains
Transifive Dependencies L visuisimsissmepssnspesmewes
FOreiem WY wosmewdihsawrusnmamemenmnmomnemsmesmsm. “
Referential Integrity .......... ... ... ... ... ... ...
Tho Artof Indesing . ...00 v iariniRie s RS E RS AP EN M E 5 5@ 5
AnIndexin Mobon ,sisnssssvssinervimsreseiamssssnes
Drawbacks USiig 8 INGET ... o v vihnmcnevimasniv i e

CIStOrBd KPR, .. ...ovnncmimnnmim bbb s s o g af |

Detived Keys . ....cossnisiniswisiog s 5 ST B B Riliein &t 7
Selectve ROWSE o airmivesnsviesssmyivreiis s eaans o e
Exact Matches and Partial Matches .. ..................
Searchine 16f Phonetic Matches - ... Lo vns e iS5 an a5

JOBCODIEIE vassnsvriemsrry pusassmmsry oo wmmmne s s

TheCormeptof DB iuismigriisvissmagim s imes oums pensnnns
TR DEIVEr THPEE . corcwcmov s iwonm swmns sibim s o oo g oo s fwom s vwon o v s
JOBC Packages .....cccvvmsmmnmimenmimemenmembnnamanssnihis
A Brief Overview of the JDBC Process .o oisivisssmssminss
Lopding the IDBC DBVEE ininirismimovesmgmrsmemonmen
Connecttothe DBMS . ... ..
Create and Execute a SQL Statement ..................
Process Data Returned by the DBEMS ..........000iint.
Terminate the Connection tothe DBMS ... ... ... ..
Database Connection . . ... e
THe CONSECHDN o cmvsmrnms fames 6i@ N §5MEEE5 08 645 §R3
et o ciaesnings e
Associating the JDBC/ODBC Bridge with the Database .........
Connection Pool ... ..
Statemienit Objects .. c..nrnivm s vrmraniss i@ sassRivesnin s @ss
The Statement Object soivsswrnssvamsvisoames y g vy 0
PreparedStatemient Object ... c.x ciifinnllavnvimsmnns
CallableStatemierit . ... v memun mmmommn o n bsd s m 5 b
RBOIEEE & .y o ecr o v s i v 3 ot i o B i 69 5 B0 6 S B BT B S 8 A
Reading The ResultSet «.oivwisimirsrmabipsvpmeverses .
Scrollable ResultSet .................. e » ol a3 222
Updatable KeSBIOEE ...iu v omemimenivamamish mnmnnndsiid
Transaction Processing ............ TV LT GRS IR EE LN
ResultSet Holdability s civiviniasmesmuafovscsmoomon,
JROMWSOES & s v v b b v v s se s s a em e v e ke e e
Auto-Generated Keys SR 0 5on 5 o 8w om 8 e B OB K B

¥ 2 g '. e "'..';
-\;Ieta data tttttttttttttt .I-.- .n. 4 -in._ - -. .;-I-M % ":. ™ ¥ - w8 N & & @ A 8. & B & ® & % & & % W F & & 8 ¥ W ¥
: G A ST ;

ResultSet Metadata _____ ¢ S T SRR o

e o T e R S
11;\:;\.;_1
N s GO

116
118
119
120
1'7’0

128
129
130
130
133
133
134
135
135
138
140
141

-142

'I.Ir_:n.:_i.
JT He= W
=t Q0

e e I e i
(J1 O
] O°

1 N

o
Q0

B




Contentsi?iiir

Data lypes v:vv~. o e e o el R B W LB 0 B g @ 158
EXCOPHONE o yvovvmememsnisdini RERSHEIEFFAE 1R ety e bow v o 160
Quick Reference Guide ......... bk wor ¥ 7 5 55 B g s bl e v s . e 160
JDBC and Embedded SQL  ............ PP TT 183
Model Programs ........civievescnnncnieninens o o o e 184
Model AProgram. s cssversermimscsnmamemancnnr s is a5 489
Biodel DIMOBEAIN opsmserrsomemsbsmmemamemed ik BEELEY 187
TEBIEE cvmsms s s s cm s o nm oo s wom o bl Bom wpos s arn $58 08 585 8 8883 189
CreatingaTable ................... ... R E R e 189
DroppingaTable .........cooiiiiiiinininiiiiininen. 191
Indexing ........c.ovnieiininreiiiiiiiaiiiiiarrrinin e 192
CreafinganIndex s:sisvsvimsmsrsviprovinomimanamns 192
Dropping anIndeX sicssersvmsvvsmsvemismansnamansi 194
Inserting Datainto Tables .............. ...t 192
Inserting a BOW ....vrnvvrvmummmmmesmnmemnnss 1555810 195
[nserting the Systems Date intoa Column  ............. 196
Inserting the System Time into a Column .............. 196
Inserting a Timestamp intoa Column ................. 197/
Selecting Data fromaTable ................... ..o, =7
Selecting All Data fromaTable ....................... 198
Requesting One Column  ..........oooiviiiiiinne. 200
Requesting Multiple Columns . ... v s o o o o o o B 200
Requesting Rows ................. o ol o BB 201
Requesting Rows and Columns ............ P 201
AND, OR, and NOT Clauses ......... e Y 202
Joining Multiple Compound Expressions .............. 204
Equal and Not Equal Operators ...................... 204
Less Than and Greater Than Operators ................ 206
Less Than Equal To and Greater Than Equal Io ......... 207
BETWEEN .5 civmomesssmmebovmenes s aininnesmnms s - 208
EEE - e s Fi 5 s o s et iosaece v e i o ook B B R . <09
ISNULLOperator ...........coiiiieiininniineuann. 210
DISTINCT Motlifier . ..cvinosansraicsaiabiidiesgsass 210
INMOBIHEE . . oo o wvmnemirassiaiasimemsntosmessn pnms 211
MIGIEHARIA o ivnve s mn e m i me b A AR IR EEC IR B A FREE g m g e mva 212
Numberof Columns in Resultbet » cccomvsiosvrvevanunn . 212
Data TypeofaColumn .......coovvivniviiinininnann. 213
B e IO f 5 i o o o o e e 213
COlamnBlER 4 s scrrsnsm e wnsis s s sm emamnmassndshbi 214
Updating Tables .......... ..o, 214
Updating a Row and Column ......... ... ..oy 215

Updating Multiple Rows ...t 216



o — o e o s s s o

Xii

J2EE: The Complete Reference

LIpietisg LOSES IR0 8 10D vy umos mon o0 653 G55 E8 6 5§55 mabbome 8 1

Joining Tables

Deleting a Row fromaTable .........................
Joainine TWO TaDIOE ¢y o i ais im0 s em e msm s mnm o st wmeils o
Parent/Child Join .......... .. ... ... ... ... S ol o B e 3
Multiple Comparisonjoin .......... ... ... ... .. .. ...
Multitable Join ... ...
Creating a Column Name Qualifier ...................
LERatTE & 1able AIBE (o m e m o A B e
Inner and Outer Joins ... ... . . . ..

Calotlabig DIaba il tie by e btimn s oo s o nomie b s a0

vk A T 11 T T LT
AV G
MIN(QO ....... ) s 0 5 o o s D ' R
MAXQO . e e e e e e e e e
BT R P T T RO e T 5 = o R e o B
ourting ALLROWSM a Table ™ « oo oo pmincnisninss damens
Retrieving Multiple Counts .................. ... .
Calculating a Subsetof Rows .........................
NULLSanm Duplicaltes vt e Dirditinn, iimnensmenn
Calculating Without Using Built-In Functions ... ... ...

srouping and Ordering Data ... .. ... L. A

CaPOUD BY- i sa s tn vimbman ot ks n T o con: R
Grouping Multiple Columns ........... ... ... ... .....
Seitoidn SEVRE
Working with NULL Columns . ...... T
COTEIE BIBEA o o 6000 5 2% m kim0 mem s s w3 s e
orhng Using Detived Data . oivisusonsaromrmsmonesais

SubquerieS ................................................

VIEW

Creating a Subquery ..................cccoiiiuiiii...
Conditional Testing .......... ... ... ... .. ... ......
The Existence Test .. ...
MembershIp TOst ... v oo wrwivsmrrpy e S m s E L b
A\‘l lest ... ..o ... .. 21 LR el ores % %= W 8 i B N B B

....................................................

Rules for Using VIEWs ............... A EE R B EE
Creatinga VIEW . ... . i,
Selecting Columns to Appear inthe VIEW .............
Creatifig & DIORZOntal VIEW ocvuinssinsiomsisaomm s
Creatmg A NIULHEAEIE VIBW ... . vimosmrnenwswsmss s 4 5

Grouping and Sm“tmg \fIEW' ......... . T
Modifyi ing a VIEW 0. R o e e x

iy

PN RN PO DD

R I S S B

P
U1

&
~J

J

s
(O

R I BN A
(U

r'JJ



Contents

J2EE Foundation

8 HTML, XML, and XHIML

HIML . coniocsccmmmenmomemibis i3 RidiGInid EIGENIF SFRISFmws
BasicConwepls of HIML civivsvisnsmimpsnsmsmnsnsnas
The Skeletonofa Web Page o ivisvswivrsdimeminnscnn
Creafing a POrm. uvssssmimesswss suwsmensomsmansmnnn
Tables i.civsvsmensmomvnenmemsmennn wamun wnmemnmnms b2
. €., | 5T E
Why Use XML? ..t cnicrcsmimnmemra s a5 5ih
The XMLFEIOW ....covvmrrnemnmspeniodsbinss Phsimans
AMIL PATSEIS v nmp o s m i o i 8 M Em IR S @ 8 3 5@ 8058w e
Browsorsand XML ... c:oisisssmensmssmamsnss ssmen,

The Designofan XML Document ..........c.co0000s.
Nesting FIOMENES o o oo e e e e e e

ProtessingInstrucions . ... ...cocvivvvviscomimimenss

AREIDUIES . v v vsoin wsmamx msmmo s mn e e ane om0
Create a Document Type Definition (DID) .............
Croates i RMU SRS . . s vir s i 55588 G208 WE B8
Referencingan:XMLSchema ........... 000 iiviniee.
e XLl . imih 6 R PW R RN B B A H ER e
Planning an XML Database Program ..................
Concepts of an XML Database Program ...............
Objectives of an XML Database ......... ... nnn,
Types of XML Database 5chemas .....................
XHTML oisinvimsovnvrmamsmus oomnmnmemem s xnmsmsn ormesm o s
B Javaend XME .......ccissesansnvanirs i seannmnm s
Generating an XML Document .............oooiviiiiiiiinn,
JEUA BEIVIEL . v iv s v i msm s s it a R R
 JEVESEIVEr PEEES ...ivcrabaiman i nTEE A8 BREIBAMEE
Parsing XML .....oinimiin i iiisieii s iinannisnn
Docurment Object Model (DOM) < civuivivsnin camencan
Simple API for XML (BAK) s iasyevwvwesssvsmeniswnnons
Ouick ReferpnceGuide sisinisidveivandipiormumens A .

10 Java servlets

Java servlets and Common Gateway Interface Programming

Benefits of Using a Java servlet
A Simple Java servlet
Anatomy of a lava servlet

Deployment Descriptor

iiiiiiiiiiiiiiiiiiiiiii

---------------------------------------

----------------------------------

lllllllllllllllllllllllllllll

ro D2
3 5 g 5 N
~J O W

N
oL

R S R R 0 B AN B S R
GO OO0 =~ O
e L) O QO

L
SERY &
Ji =

I.

285
286
288
289
290
291
292
305
305
307
308
U9
309
314

“d
7O

o W2
| o
OO0

G0 D 1D =
]

(2
-

2 Ld

-

r) oI
i 1 ;J_'.
o O G0

fod

(UJ |
JF v Wl O

(U
Ll
S I oW

X



11

12

Reading Data from a Client

J2EE: The Complete Reference

iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii

Reading HTTP Request Headers .................cooiiiiiiin,
Sending Data to a Client and Writing the HTTP Response Header

Working with Cookies

iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii

Tracling DOASIOIAR ~ . oo caw i mn w2 B Rk 5D
Quick Reference Guide

L] ] &

lllllllllllllllllllllllllllllllllll

iiiiiiiiiiiiiiiiiiiiiiiiiiiiii

ﬁ
iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii

] [} L L

iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii

| e R S A TP gt

Variables and Objects

Methods

Control Statements

iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii

lllllllllllllllllllllllllllllllll

Loops: ....ccommmmamnss T e R,

et L ik EEaES

Request String

lllllllllllllllllllllllllllllllll

llllllllllllllllllllllllllllllllllllllllllll

Parsing Other INformation . ..o it ot e et e et ne s mnais s

User Sessions
Cookies

iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii

llllllllllllllllllllllllllllllllllllllllllllllllll

Sesslon DBJecls s s vrirsmmviminrmesmemenmssmemssmancrmanman
Quick Reference Guide

Enterprise Javabeans

Enterprise JavaBeans

The EJB Container

JB Classes
iB Intertace

el

L ] * L] L

; B i
Deployment Descriptors .
The Anatomy of a Deployment Descriptor

iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii

llllllllllllllllllllllllllll

iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii

lllllllllllllllllllllllllllllllllll

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn

llllllllllllllllllllllllllllllllll

Environment Elements ................. s 5 Dloweron B B §

Referencing |

Reference Other Resources

518

iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii

iiiiiiiiiiiiiiiiiiiiiiiiii

Sharing RESOUTEES ...« oivinmvnsmicamsmensamsmeomniss ;

Security Elements

Query Element

B oW ® o e W & @ & @ m % 8. A .8 & A4 ® ® # & & ¢ ®* E % F & ® & & =*= T 3

L] + 4 'S w & % B & #& ®m # & & & & ®w & # K ¥ E B ¥ ¥ & ¥ & F ¥ & ® * » ¥ 2

Relationship Elements .. .... g o iy g
Assembly Elements - . L iy 5§ ol o w8 b 5 e P e B B
Exclude List Element . ... ..ot e e
Session Java Beon. . i e pei i iR FIvIEIres menmyms s
S elons Vol IR . o s s oy e g g oy s s m w mnw n e v

Creating a Session JavaBean .........................
Entity JavaBean ......... .0 ... . i,

iiiiiiiiiiiiiiiiiiiiiiiiiiiiii

iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii

!!!!!!!!!!!

354

330
33y
364
367
369

380
380
381
382
384
385
387
389
390
391
392
392
394
396

406
407
407
407
409
411
417
4183
420
420
421
421
423
424
431
431

432

432
434



13

14

15

Contents

Container-Managed Persistence ....o.owhiiwswswswss i 00

Bean-Managed Persistence .. ::csmissvisssvrssvimeven 439
Message-Driven Bean ...cccvmvsusdvvsnvvirviminsnsorsvcncs 440

Behind the Scenes ....... < AR RPLT T  J —H —— 441

Crealitil A AL oo ooxve s o wonn o wioe o e s e e o o e o o 441
The JARFIE < .vivvuvuwswimsmin i s mm s s o nom b o g ot w s e 6 443
Quick Reference Guide 444

- J2EE Interconnectivity

JavaMail APL ... .. 449
TavalMail csivvisvnenimsmapiausnsmemspasmemeumywey 5mun wumsm s 450

JavaMail APl and Java Activation Framework .......... 450
PIrotOCOlS & o i v wem oo s sion n wwm s s mon s s s o m om b w b e b 45
EXERPHIONE oo u oo it s bl n  gars ses B R1se 55 1 WAIN WS CHE 5 B B2 8 W 451
Send Email Message .......... e o . s o i v . s o, s e B 452
Retrieving Email MESSAZES .. nvvvoviwsmsoms s abmnns sinis ITHE. .
Deleting Email Messages .« oxivs crsrlidnssiimsswanpnsnangwin 455
Replying to and Forwarding an Email Message ................ 456
Forwarding an Email MeS8Bge ..ixiurwsssscrasmsvsmonioe o 458

BT ARECHMEIE ... ocvimvim i m s ma s e d s 460
RECEIVIRE ARTHEDETBIN . . v vvmvwom o wu e 0 cimn o g o s o n o v 5 b 462
Searching an Email Folder ......... ... ... .. ... ... ........ 463
Quick Reference Guide ... . o e 464
Java Interface Definition Language and CORBA .. ... 477
The Concept of Object Request Brokerage .................... . 478
Java IDLamd CORBA. s isessmimvaivsisimonispnisas avainims 478
The DL Interiaee "o oo v vovvnsmrminrpesalibesdaen arapas game 479
ThellientBide . v ivivistinisivrsenisgri B lapspepran eyt 480
The Server Side s uiwevowss 'y ST T [ Ly —— 482
Runing B A O0E * o v« s wie mienn o om Do a o e i n o' x o8 w se mws mw m om0 s 484
Java Remote:Method Invocation ................... 485
Remote Method Invocation Concept ......................... 486

Remote Interface ......... .. . iiiiiiiiiiininnnns 486

Passing ObleCis ... iavaiatsesmis P 487

TheRMIProcess issviwisisessenisswomanas ssmemsnss 487
Server il s vrusrEi R M PR e RO I NN B P e 487
0 ST=3 5% e : U < P Ut 489

Quick Reference Guide . ... .. . 491



xvi JZEE: The Complete Reference

16 Java Message Service ............iiiiiiiiiiinn 497
Messaging Service ................... o g e e s s 498
Java Messaging Service ......cocvvsesnerasnnunananaraness, 499
IMS Fundamentals .:..svservvmivienriennrensinniiiiiness 499

Flosibilly ssrvvomemiomrmnsms s imisiErmese ey 500
Components of a JMS Program ......... ..o 500
BB . i g S W e s e o e ek s B B 3 502
Acknowledgement Modes ............ SRR g e 502
Message Transactions .............oovvieornrneaannn. 503
Message Producer ............o.oooeiiniieiaiiiniennns 504
Message CONSUIMET . ... .uvvtruureannneeeanars s 25
Message Listener .......c.ccovviiiniiniriisiinimane & 0
MESSAPEE. . .ooismimaprsmemromemeo e nm a R E AR RS RRW S 506
Message Belecior o crrvamrmmsa s iR RIEREY TR m v S 508
Sending Messages to a Quete ... 5UY
Receiving Messages from a CMIBUE o ovvsenmmmn s Gam BT 65T 511
Compiling and Running Queue Programs ............ooveny i
Creating a Publisher ........ ... .o, 514
Creating aSubseriber ....ccoviiivsrvmivminininnnniaasins 516
Creating a Message Listener .................oo0o0nn 518
Compiling and Running the Publisher and Subscriber - .civ v wans 518
Quick Reference Guide ...ty 520

I7 Securily ..spswssssvvornnases B SO - . 3D
J2EE Security Concepts ......cooiiiiiiiiiiiiiiiiiiiiiiinees 526
VM SECurity s csssssveowsmirmmmenmrinn S EIEIRF g R wsm oo Vet
Security Management ... e o e e v 527
Java API SECUIEY s mrdes s vaw s s s ke s acs won § B AR 523
Browser Securily ssiwssasevvermiminnnnmnad s tREREAEI Y o0 529
Web Services Security .............on, O 529

Web Services Security Classifications .................. 530
Security Within a Web Services Tier ................... Bl
Programmatic Security ....... ... .o 532
Outick Reference Guide oo cocininminincbangrmsngsvsn e, 532

18 Java Naming and Directory Interfaae F R P .. 553
Naming and DHTEEEOTIOS - i s vt s ms w s moamrmam yh 6358585 554
Java Naming and Directory Tiii o 110 - ST G R T 233

Compile and Run the Listing ...y 556
Retrieving Attributes from an Object

Using Directory Services ..............ccoovieines S0/

Naming Operations ..........ooiimucnieneiiirrnre, 558

Add Binding to a Directory Service ................... 560

Remove Binding to a Directory R . o e o 55 GE B S 561



19

20

21

Contents

Replace Binding to a Directory Service ............. say ik
Renaming a Name in the Directory Service ... .. e v s 3 563
Quick Reference Guide 564

2 8§ 71 2 I gy ol PP o R 579
SOAP BasiCS . .vvvvvivinnnnnnn o i g FRE R F T Y D 576
SOAP Functionality ......icssesuisssnsvininsswnvrnnes N7
The SOAP Message and Delivery Structure ............ 577
Java API for XML Messaging ........ ..o connne. 578
The Connection .............. e b A R TR T @ 579
Create, Send, and Receive a Point-to-Point SOAP Message ...... 580
Create and Send a SOAP Message Using a Messaging Provider .. 582
Creating a SOAP Attachment ....... ... ..., 585
Accessing a SOAP Attachment ....................... 585
Quick Reference Guide ........ ity 586
Universal Description, Discovery,
and Integration (UDDI) ..............c.oonnnnn. 597
Inside the Universal Description, Discovery, and Integration .... 598
ATookattModals ..... . comsnisibisds@iBEmpprasngmss 599
LIV ArrBiinearn . . om0 e mums@en & oms wnm wm e s s 600
UDDI Application Programming Interface .................... 602 -
Inquiry Application Programming Interface ................... 602
Coareh OallierE . .ovomrmimbsinis s BTkEs SIREBEH IS 611
Response Messages .......... PR T Prep I 612
Publishing Application Programming Intertace ................ 614
Electroriic Business XML . i consasnavssissersevvns 625
Electronic Data Interchange ........ e bk R R Y SN EAEE PO 626
Floctroniie Biginets XML oo v enns 5808 pin a5 G085 15 55w ym s w « o x 627
Extensible Markup Language Arrives ................. 627
Electronic Business XML Arrives ........... ... 623
The Technology S BB XML o e e s AR B R TR EY R 629
The Inner Workings of ebXML . ........ .o, 631
Message SEIVICE s isvasvssivencavsmrmencanvmenens ... 631
Business ProcesSses ... .vaveomvenrseescsnsssa e d el 632
CPP . .cicavsnun e o o 3 B A ity R e s e 634
o, e U P R e SRy o v S g s 642
Ouick ReferericeGuide ioisssvrmwemen came s Btk o mssm s 644



=}

.-_ _-:-_.-_._ .-:\-;":I_-_..:_.:__- x -. ".-_ 5

e e e

e o L [ o e

R e e e

R R ¥ T

S, " gt 0 : T 2

F:'F.!:.: -.:: - .. E:. -.\..-: -..:-.\... -. J E E . T e c ] t E f r E I ! E e
AL ; 4 B ! I .

)
T4,
5
-
o

22 The Java API for XML Registries (JAXR) ............ 653
frisicde TANR «vinesnrmamrwrmememeinpmakonsbd 8 0MEFERT 400w s 654
JARR CHOnE 1umsrervrmscimimimennmunibibiigamomssvamesome 654

The PPOGEES «.vovivvrmi s ia SR A MEBEME S oo w s msoiemnsmam 655
Making @ QUEIY ....:ivossissensassrmrmcsvnmancasssis 656
Publishing a Service to an XML Registry ..., 660
The connect{) Method ......... .. ..ot 660
The publish() Method ................oovvvniienen. 661
Removing a Published Service from an XML Registry ....... ... 666
The inquire() Method ...............coovinnn, ... 667
The delete() Method  ...... ... i, 668
Quick Reference Guide ..., . 672

23  Web Services Description Language (WSDL) ........ 633

Trngitte WSTI. i v wm nmin ns o ms i § WM 3 EEHES S ¥ ¥ R T 1T 684
The WSDL Document «..ivisssvsvmcncsasscssansnsses 685
TypeElement .c.visivisimivimoninnsssnssnnassnsne 687
Message Element ..........cooioiiiinieniinnnnn, 688
PortType Element ...........coovmiicinicinnriainns 688
Binding Element ........c.ccciiiminorinsrniananane. 689
PortElement .......cccevevensniisssnssesssnnmnsannss 690
Service Element . .....ccocivisgimsnsmenssmsismnamnnss 690

WEDIL anitlGOAP . .v v vn s sims@iMimsmamsmsmes vememynms s fnid 691
SOAP One-Way Transmission Primitive ............... 691
SOAP Request-Response Transmission Primitive ....... 693
SOAP Binding Element ...ty 694
SOAP Operation Element ..., 695
SOAP Body Element ............ccooviiiiinemneaee.ny 695
SOAPFault Element ... .cioimemsvsnsamemenmnmannnsss 696
SOAP Header Element ......ccocvemvemenoncsnsnssss. 696
SOAP Address Element .......... AN B N T I ] 696

WSDL and HTTPBinding  .........oiiiiiiiiiiiin, 696

WSDLand MIME Binding  ....... ..o, 699

W] SR e v S
-------

A HTTP Reterences 703
HTTP Request Headers ..., 704
MIME TYPES .. ivovvrrnvenovsmennmnnnsanasansnsninss 704
HTTP1.1Status Codes ..o ivmsmammsssasmdsabasass 706
HTTP 1.1 Response Headers ...............c.oovnnnn, 708
Java Servlet Request . ....... ... . ..o 710



Contents
B CookieReferences .....:::scavaawmi i asssssssiss e 713
| COOKIE AEDUIEE ... vt smamm s bowssm i aine s ihdadids 714
il e o) i P SR Y e 11t 1 714
C Enterprise JavaBeans References ................... ‘17
Enterprise JavaBeans Subelements for the
celbdars Blement .. siscuvsismimsivininesuimsnes 718
Enterprise JavaBeans Subelements for <session>
and <entity> Subelements ............ 5 B v o s 719
Enterprise JavaBeans Subelements for <session>,
<entity> sub?- <message-driven> Elements .......... Lol
Enterprise JavaBeans Subelements for <session>,
<entity> Subelements for the <message-driven>
Pleinent TYanBartioN .. .ocotamemssmibonsimiaid deays 23
Enterprise JavaBeans SessionBean .................... 723
Enterprise JavaBeans Entity Bean ..................... 724
Enterprise JavaBeans Message-Driven Bean ............ 725
Enterprise avabeanS HOMIE . .... vcmecomrminrsmonrasns 225
Enterprise JavaBeans Metadata ....................... 72
D JavaMail References ......... ..., i
Tavaliall 1.5 SPBEIREHLIONS . .. 0nomormememnrmmrmermensss 728
JavaMail Multipart DataSource ...........c. 000000000 729
TaeaMall Part ... ssrnasminiseimereimsgssmsmenanmye: 730
TavaMall MIME BodV 1t .c.xvipvaimomerwrmineslonm 731
JavaMail MIME Message ............... ... ... .. ..... 734
JavaMail MIME Multipart ........ ... ... ... ... . ... 739
TeoaMal] Search. .ossimsnismvneinisrmisrb s N@ LI mEE 709
E Java Interface Definition Language and CORBA ..... 743
Mapping IDLIG JA¥E . ..vovvrcrininrmssmrmenmamnsman 744
F Java Remote Method Invocation ................... 745
Java Remote Method Invocation Naming .............. 746
- Java Remote Method Invocation Registry .............. 747
Java Remote Method Invocation Locate Registry ........ 747
Java Remote Method Invocation Remote Referencing .... 748
Java Remote Method Invocation Client Sockets ......... 748
Java Remote Method Invocation Failure Handler ....... 748
Java Remote Method Invocation Server Sockets ......... 749
Java Remote Method Invocation Server References . ... .. 749



~ J2EE: The Complete Reference

Java Remote Method Invocation Remote Object
Java Remote Method Invocation Remote Server
Java Remote Method Invocation Class Loader

Java Remote Method Invocation Sockets

iiiii

lllllllllllllllllllll

G Java Message Service
Tava Message Service NIE‘&;SH&E?
Java Message Service Queue
Java Message Service Queue Sender
Java Message Service Topic Publisher
Java Message Service Topic Subscriber

lllllllllllll
lllllllllllllll
llllllll

lllllll

llllll

H Java Security
Java Security Domain Combiner
Java Security Guard |
Java Security Key
Java Security Principal |
Java Security Privilege

Java Security Access Control
Java Security Algorithm Parameter
Java Security Permissions
Java Security Code Source
Java Security Streams
Java Security Message
Java Security Domain Protection
Tava Security Provider
Java Security Secure Class Loader
Java Security Randomizer
Java Security Signature

llllllllllllllllllllllllllll

iiiiiiiiiiii

iiiiiiiiiiiiiiiiiiiiiii

iiiiiiiiiiiiiiiiiiiiiiiiii

iiiiiiiiiiiiiiiiiiii

llllllllllllllllllll

iiiiiiiiiiiiiii

lllllllll

llllllllllllllllll

iiiiiiiiiiiiiiiiii

lllllllllllllllllllll

llllllllllllllllllll
llllllllllll
llllllllllllllllllllll
iiiiiiiiii

------------------

llllllllllllllllllll

lllllll

| Java Naming and Directory Interface
Java Naming and Directory Context
Java Naming and Directory Naming
Java Naming and Directory Attributes
Java Naming and Directory Directory Context

iiiiiiii

iiiiiiii

iiiiii

.............

J Slmple Object Access Protocol
Simple Object Access Protocol Detail

Simple Object Access Protocol Name

Simple Object Access Protocol Node

Simple Object Access Protocol Body

Constants

Simple Object Access Protocol

iiiiiiiii

llllllll

. [ ] L] &

iiiiiiii

iiiiiiii

llllllllll

IIIIIIIIII

iiiiiiii

iiiiiiiiii

llllllllll

iiiiiiiiii

1111111111

llllllllll

iiiiiiiii

rrrrrrrrrrr

llllllllll

iiiiiiiiii

iiiiiiiiii

llllllllll

lllllllllll

iiiiiiiiii

1111111111

iiiiiiiiii

- ] L] = i L] L] ] u ¥

iiiiiiiiii

iiiiiiiiii

llllllllll

iiiiiiiiii

llllllllll

iiiiiiiiii

llllllllll

llllllllll

lllllllll

llllllll

1111111111

;;;;;;;;;;

llllllllll

------------------

IIIIIIIIII

749
750
/50
/ol

754
756
rof
P
758

wollles
2N

- »
<] O

'w__il '-a] H] HI

0
W

794
795
s
/796
796



Contents
Simple Object Access Protocol Element ............ . ... 797
Simple Object Access Protocol Envelope . .......00..... 798
sitfipie (Jbject Access Protocol Fault ....o.civivwsvvsess /799
Simple Object Access Protocol Header .......... ... ... 800
Simple Object Access Protocol Text ................ ... 800
sunple Object Access Protocol Attachment .50 0060 05045 801
Simple Object Access Protocol Message .............. .. 802
Simple Ob'ect Access Protocol MIME Header .......... 804
Simple Ob]ect Access Protocol Connection ............ . 805
Simple Object Access Protocol Part ........ 5537 a8 By b 805
K Universal Description, Discovery, and Integration 807
Universal Description, Discovery, and Integration
SOAP EITOYS & oo v w565 0 66 5555 085586t ot osamnmen 808
Universal Description, Discovery, and Integration
Search Qualifier Values ........... ... . ... .. .. ... .. 810

L Electronic Business XML

Universal Description, Discovery, and Integration
ISespOnSe MBSBEERS & o5t 60883 055 55 655 6mamnnnnmsns 811
Universal Description, Discovery, and Integration Values for the
completionStatus Argument 813

lllllllllllllllllllllll

815

Electronic Business XML Business Processes Element and UML
Class Conversion Table

llllllllllllllllllllllllll

Electronic Business XML Business Process Elements . . . .. 817
M The Java APl for XML Registries ................... 823
Java API tor XML Registries Public XML Registries ... .. 824
Java API for XML Registries Responses ................ 824
Java API for XML Registries Busmess
Life Cvcle Nlamaper o omimre o 650505 tomnmemnnnmmn e 825
Java APl tor AML Registries QUerY ..:sessswisessinias 828
Java API for XML Reglqtrles Profile ................. .. 831
Java API for XML Registries Catalogue ................ 832
Java API for XML Registries Connection ............... 832
Java AP1 for XML Registries ReSponse .. ... .u:s500 55 00 833
Java API for XML Registries Service ................... 833
Index ... . 835






formed a team of advisers from the Columbia University faculty whose expert

Special thanks go to Kenneth E. Davidson, Rich Dragon, and Richard Weiss who
opinions and suggestions have made this book possible.

XXiii






ava technology has evolved from a programming language designed to create
machine independent embedded systems into a robust, vendor-independent, machine-
independent server-side technology, enabling the corporate community to realize

the full potential of web-centric applications.

Java began with the release of the Java Development Kit (JDK). It was obvious from
the start that Java was on a fast track to becoming as a solution to many corporate
systems problems. More interfaces and libraries were extended the JDK, as the corporate
world demanded—and received—application programming interfaces (API) that
addressed real world situations.

JDK API extensions fully integrated into the JDK with the release of the Java 2
Standard Edition (J2SE). J2SE contains all the APIs needed to build industrial strength
Java applications. However, the corporate world felt J25E lacked the strength required
for developing enterprise-wide applications. ' _

Again the corporate pushed Sun Microsystems, Inc. to revise Java technology to
address needs of an enterprise. Sun then launched the Java Community Program (JCDP),
which brought together corporate users, vendors, and technologists to develop a
standard for enterprise Java APIs. The result is the Java 2 Plattorm, Enterprise Edition
commonly referred to as Java 2 Enterprise Edition (J2EE). |

XXV
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Enterprise systems are traditionally designeq usil}g the client/server model wh‘ere
client-side systems request processing from service-side systems. However, enterprise
systems were undergoing their own evolution. A new model called web services
gradually replaced the client/server model in j:orporations. | |

Application programmers assembled apphcgtwns frﬁom an assortment of pmces;smg
components called web services. Each web service was mdep‘end-ent from othgr we
services and independent from applications. Client-side apphcatwn Cf)mmunlcates
with a middle-tier, server-side application, which in turns interacts with the necessary
web services that are also located on the server-side. | |

With the adoption of the web services model in corporiatlons,‘the JCP rﬁallzed that
J2EE must also go through another evolutionary cycle. Wﬂh the mtr:c-ductmn of J2EE
1.4, the Java community has merged J2EE technology with web services technology.
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This book covers in detail all aspect of J2EE and Web services. The book is divided into
these five parts:

B Partl]2EE Basics

w

B Part Il Java Databases
B Part [II J2EE Foundation
]
e

Part IV Java Interconnectivity
Part V Web Services
B Part VI Appendixes

Part one provides a comprehensive discussion of ]2EE basics. In this part you receive
an overview of J2EE and the foundation of the J2EE arch:itecture and frargework.
You are also presented with the best practices for designing and developing a J2EE

lication. _ o
EippDat.':ﬂ)as'e technology is a critical component of every J2EE application. II? the
second part of the book you learn about database concepts al”ld. Java data object and
how to incorporate basic and advanced JDBC techniques to build even the most
complex and challenging J2EE applications. | . bl

As vou'll discover as you read chapters of this book, IQ}EE embraces many ex;stu:g
Java teéhnolegies. These include Java API of XML Processing (]AXP), Java API for XML
Messaging (JAXM), Java Servlets, Java ServerPages, anc% Enterprise JavaBeans. Each
of these technologies is detailed in Par IlI J2EE Foundatu:):n.

Part IV of this book covers Java Interconnectivity, which shows you how to
communicate to Web services, objects, and other applications througf: the use of an
assortment of Java technologies. These include Java Mail, Java IDL/CORBA Common
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Object Request Broker Architecture, Java Remote Method Invocation, Java Messaging
Service (JMS), Java Security, and Java Naming and Directory Interface.

It is in Part V of the book where you learn web services technology and how to
incorporate web services technology into your J2EE application. Topics include SOAP,
Universal Description, Discovery, Integration (UDDI), Electronic Business XML (EbXML),
Java API for XML Registries (JAXR), and the Web Service Description Language (WSDL).

Part VI is a handy reference guide that I've provided for those moments when
you need some quick information to get you back on track, but don’t want to re-read
the theory you learned in the main part of the book. If you want quick, succinct
information on J2EE classes, methods, and interfaces, look no further.
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A Book for All Programmers

J2EE: The Complete Reference is designed for all Java programmers, regardless of their
experience level. It does assume, however, a reader is able to create at least a time Java
program. If you are just learning Java this book will make an excellent companion to
any Java tutorial and serve as a source of answers to your specific questions. Experienced
Java and J2EE pros will find the coverage of the many new web services features
very helpful.
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Don't Forget ‘Code On The Web

Remember, the source code for all of programs in this book is available free of charge
on the Web at http / /www.osborne.com. Downloading this code prevents you from
having to type in the examples.






