Beginning
Jakarta EE

Enterprise Edition for Java: From
Novice to Professional

Peter Spdth

Apress’




Beginning Jakarta EE

Enterprise Edition for Java: From
Novice to Professional

Peter Spath

Apress’



Beginning Jakarta EE: Enterprise Edition for Java: From Novice to Professional

Peter Spith
Leipzig, Sachsen, Germany

ISBN-13 (pbk): 978-1-4842-5078-5 ISBN-13 (electronic): 978-1-4842-5079-2
https://doi.org/10.1007/978-1-4842-5079-2

Copyright © 2019 by Peter Spidth

This work is subject to copyright. All rights are reserved by the Publisher, whether the whole or part of the
material is concerned, specifically the rights of translation, reprinting, reuse of illustrations, recitation,
broadcasting, reproduction on microfilms or in any other physical way, and transmission or information
storage and retrieval, electronic adaptation, computer software, or by similar or dissimilar methodology now
known or hereafter developed.

Trademarked names, logos, and images may appear in this book. Rather than use a trademark symbol with
every occurrence of a trademarked name, logo, or image we use the names, logos, and images only in an
editorial fashion and to the benefit of the trademark owner, with no intention of infringement of the
trademark.

The use in this publication of trade names, trademarks, service marks, and similar terms, even if they are not
identified as such, is not to be taken as an expression of opinion as to whether or not they are subject to
proprietary rights.

While the advice and information in this book are believed to be true and accurate at the date of publication,
neither the authors nor the editors nor the publisher can accept any legal responsibility for any errors or
omissions that may be made. The publisher makes no warranty, express or implied, with respect to the
material contained herein.

Managing Director, Apress Media LLC: Welmoed Spahr
Acquisitions Editor: Steve Anglin

Development Editor: Matthew Moodie

Coordinating Editor: Mark Powers

Cover designed by eStudioCalamar
Cover image by RawPixel

Distributed to the book trade worldwide by Springer Science+Business Media New York, 233 Spring Street,
6th Floor, New York, NY 10013. Phone 1-800-SPRINGER, fax (201) 348-4505, email orders-ny@springer-sbm.
com, or visit www.springeronline.com. Apress Media, LLC is a California LLC and the sole member
(owner) is Springer Science + Business Media Finance Inc (SSBM Finance Inc). SSBM Finance Inc is a
Delaware corporation.

For information on translations, please email editorial@apress.com; for reprint, paperback, or audio rights,
please email bookpermissions@springernature.com.

Apress titles may be purchased in bulk for academic, corporate, or promotional use. eBook versions and
licenses are also available for most titles. For more information, reference our Print and eBook Bulk Sales
web page at http://www.apress.com/bulk-sales.

Any source code or other supplementary material referenced by the author in this book is available to
readers on GitHub via the book’s product page, located at www.apress.com/9781484250785. For more
detailed information, please visit http://www.apress.com/source-code.

Printed on acid-free paper


https://doi.org/10.1007/978-1-4842-5079-2

To Salome



Table of Contents

About the AUROF ........c.ccccemmismninsnsnssss s n s nnnnnn s xiii
About the Technical REVIEWET .......ccuvesssessssnsssassssassssnsssasssssssssnsssasssssssssnsssassssasnsansas XV
INtroduction ........cccuvemimmnmnmsnmne s ————— xvii
Chapter 1: Java Development, Enterprise Needs........ccccuunnmmmmmmmmmmmessssssssssssssssesssssnas 1
Standardized SPecifiCations ..o ——————————— 2
Multi-tiered ApplICALIONS........cucceeiirerirerre s 6
LT L U T = RS 8
o= (1< 8
Jakarta EE Servers and LICENSING ........ccoouerrenrnnnnnesine s s s sessssessssesessessssssesssnes 8
EXCUISION 10 IMICIOSEIVICES .....cucereeereecreeesesseses e e s e s e se s se e e ses e s e sse e see e senseenssnens 9
Jakarta EE Applications and the Cloud ... s sesessens 10
EXEICISE 2...ueiveeeerreesresesrsese e se s se e se s e r e s e e R p e e e n R nr s 11

The Java Standard Edition JSE 8...........cccvnmns s 12
The Java 8 LANQUAGE ......ccceveeririie st s e s s s sa e s s sa e s s s n e s st e s nne s s ans 13
(=T (T N 13
Chapter 2: Getting a Jakarta EE Server to Work........c..coussumssansssansssnsssansssassssasssansas 15
Getting and Installing GlaSSTiS..........ccoverrerrerre e 16
Glassfish Shell AdMINISIration ..........cccvveevrererrssrn s 18
MUIti-MOAE SESSIONS......coiererrererreserinesrre s r e nnre e nr s 19
T4 1= L0 o) (0 £ RS 19
Administering the Built-In Database...........cccvviervninninininsie e 21
Glassfish GUI AdMINISTIAtioN..........ccocieeererninseserrss s sesessns 22
Glassfish REST Interface AdminiStration...........ccocveerrnererenerssesnsesese e 23



TABLE OF CONTENTS

Chapter 3: Setting Up an IDE .........cccciurmmnmmnmmnsssnnnsmsssssssssssssssssnssssssssssssssssssssssnnnsnsss 27
Installing Eclipse for Jakarta EE Development.............cccocvvnnninvnnnsnsssesess s 27
USING ECHIPSE.....eiirerieriesirse sttt e e bbb e e e b e e e nns 32
Your First Jakarta EE AppliCation ... 32

The Julian Calendar BaCk ENG...........ccoveerneienenennssnrsesssesessssesssssssssssessssesssssssssssssssssssssenens 33
The Julian Calendar Front ENd ...........connsessssss e 40
Summing Up: The Julian Day Calendar..........cccveveererrererenessensesessssessessessessssessessesssssssessesaes 50

Chapter 4: Building Page-Flow Web Applications with JSF..........cccccossmmmrnsssnnnnnnns 53
SErviets and JSF PAQES .....cccccvrererueririnerire e ses s s se s ses e se e st se e 53
A Sample JSF APPIICALION ....c..coveircre e e e 55

Preparing the JSF ApPliCALioN ... s 55
The Household Accounting JSF Application ........c.cocvrvninnnnnninennsesses s sessessesses 58
About JAVABEAN CIASSES .......cceerrrrssisrsisesesssssssse s s 64
Expression Language in JSF PAQgES ........ccveererererneresesessersesessssessessesssssssessessesssssssessessessssessenaes 66
Value and Method EXPreSSiONS.........ccccevvevvrieereriensesse s sses e s sessee s sessesssessessesssssaessesnens 67
Accessing 0bjects from JSF PAQES ... s e e snes 69
100 [T R0 TSP 73
TSSOSO 75
Operators iN EXPreSSiONS. .....ccuuererisernserrssessssese e srssesss e e s sessessssssssssssssssessssssessssessssesnns 76
Using Collections INSide EXPreSSIONS ........ucrverierererserserersesessessessessssessessessssessessessessssessessens 77
)= (1< T N 78
Lambda EXPrESSIONS ......ccvirriereresinsinesesse s s s e ssssessesse st sss e ssesse st s sessesnessssssesnessssssssnsessens 78
LOCAlIZEA RESOUICES .....c.cerueerneereeeresseesse e se s e s e se e se s sse e see e s e e srs e sessesenns 79
EXEICISE 2....eeeeeeeereeerreeresesesse s sesse e se s e s e s e ae e r e e e e nne e nr s 82
JSF Tag LIDFariES. ... cccevreeerrreserresesssesessese s sss e sss e s se s s s e ssssssesss e sssssssnnssnssssesenses 82
Standard HTML RenderKit TAgS......c.ouvvrerverernninninienessssessese s ssssessessessssessessesssssssessessesssssssesseses 83
HTML TOP-LEVEI TAGS .....eeveereeririenie s rersse s s e s s s se e s s se e s s sae s s s sn e s s nne s 85
HTML Header EIBMENTS ..o e s 85
I g 86
HTML Text Input and OQUEPUL ... 86



TABLE OF CONTENTS

HTML SeleCTaDIES ......c.coceererircecrerin s s 88
(=T (1< T N Cl
(= (1 1
HTIVIL IMAGES ... cereeerreeresenessee e sessesesssses s ses e sss e sss e sessesesss e sssesesssessssessesssensssssssnessanes 92
HTML BUttons and LiNKS.......ccccourenmrmsesrnessnssessssesssssssssssesesssssssssssssssssssessssssssssssssssssssssssssanes 92
EXBICISE 5. s 94
HTML File UPIOQ........ceieeereeeecessssssssssssssssss e e e e e e ss s s s s ssssssssssssssssssesenes 94
HTIMIL GrOUDING c.veeverreerersersesenersessessssessessesssssssessesssssssessessessessssessessessssessessssssnsnsessesssssnsensenes 95
HTIML TADIES ....vvveeererereseseseeseeesssss s s ssssssss s sssss e e e se e s s s s sssssssssssssssassnsnsnsnsnsnsnsnenes 96
Repetition and Conditional BranChing..........c.cccvveerrrenernscsnsesesesesessesesesessesesessesessssessssesessesenns 98
JSF COTB TAUS. . veerreuerersesessesessesesrssesessese s sas e s e rs e e s e e e e s e e s e p e e e e e nnennnne e nrnnis 99
General PUrPOSE COTE TAGS......cuurrrierrnnerrnessssesesssesrsse s s e ss s sessessssssesssssssssesssssssssssessssessnns 99
L2110 (0 0T = o T O 101
CONVEITET COTE TAUS .evververreerersersesessersersessssessessessessssessesssssssessessesssssssessessssssnsssessessensssesseses 106
(=T (1< 2T 110
Selection HEemMS COre TagSs ....coccviiririeiinisire st s e s nne s 110
LiSTENEr COIE TAGS ..eveueeecrerseerreeresesessesessesesesesessssessesesessesessssesss e sesssssssssessesssssssssnssnsssnnes 114
AJAX COTE TAGS.c.veuerreerrrserrrsesersasesssssssssesessasessssesssssssssesessssssssssssssssssssssssssesssssnsssssessnsesssenees 117

[0 T=T 00T = T S 123
The Pass-Through NamESPACE .......c.ccucereririerrir e s s s s s ss e s s e s saesae s 124
Navigation BEIWEEN PAQES ........cocvverriririirirneserser e s s s e e se s s s se s sne s s e s e e saesnenaenns 125
(= (1 T 127
L0 8 1= (T S 127
Overview of the JSF Page FIOW ... 129
EXEICISE 8....eeveerereirree e e e R nr s 132
Chapter 5: Building Single-Page Web Applications with REST and JSON............. 133
A RESTful Server Inside Jakarta EE ... sesssneens 133
Single-Page Web ApPlICALIONS .......c.cccvererereerircrere e 137
ADOUL REST ...ttt bbbttt 140

vii



TABLE OF CONTENTS

ADOUL JSON ..ottt et 142
(=T (1< T TN 143
INCIUAING PAQgE ASSEIS.....cccciiririre s s 144
Input, Output, and Action COMPONENTS........ccccoiirirerin s 145
Adding Input t0 the REST CONTIOIIE.........ccoeieriserrrenrrese s s e e sss e sessssessasessanes 145
Adding Front-end LOGIC.......ccveriererininienennsirsese s sesse s sessessessesssssssessessesssssssessesasssssessesnens 148
Data-centric Operations With SPAS.........cccvvrrrrnerr s sese s s s sse s ssessesassessesnens 150
(=T (1 TN 163
Chapter 6: Adding a Database with JPA.........c.ccccurmmmnsmmmsssssmsssssmsssssssssssssssssssnes 165
Abstracting Away Database ACCesS With JPA ... 165
Setting Up @ SAL DALADASE ......cceveerrrrererenerreseresessssesessssesesesesssssssssssessssssssssssssssessssssssssssssssenns 166
Adding EClipSELINK @s ORM ........ccouvenmenmrinennesssesesssse e e ssssesssssssssssesssssssssssessassssanes 169
Adding Data ACCESS DDJECTS ...ccuevriieririrerr s nne s 171
o)< (1 N 176
AdAING ENILIES ...vviviveererererereresesesesesese s seessss s ss s s s e e sn s s ss s s s s snsssssasasnnas 176
(= (1 S 179
Adding Relations .........ccoveeereiereserreserese e s 179
EXEICISE 3..eeerreererisesreserre s e e e e e e e e e R nr s 182
Chapter 7: Modularization with EJBS .........ccccuunmmssmmennmmmmmmmsssssssssssssssssssssssssssnnns 185
TYPES OF SESSION EUBS .....veveerireerie st rere s s e s st s sa e se s s s e e s sne s 185
DEfiNING EUBS.....ooiieiee ittt s s e e e 186
ACCESSING EUBS......cociieiiiircirene st p e e e e nne s 190
(= (1 T S 194
LS o 0] 1= S 194
EJBS With DEPENUENCIES....c..eiriieriereriesinsire st se s s st se s s s be e s s be st s e nne s 196
Adding Dependencies t0 the SEIVEF ... s 196
Creating EARS.......cccrerertererersesseses e ssessese s e ssessesaese s e saesaesa s e s sae s e e s saesae s s e e saesaessenennesneses 197
(=T (1 TN 198
Asynchronous EJB INVOCALION...........ccucreriinininie e s sr e snens 198
L= = TR 200

viil



TABLE OF CONTENTS

Chapter 8: Dealing with XML Data.......ccceemmrmsssnnnnmsssssnnnsssssssnssssssssnssssssssssssssssnnnss 203
SOAP WED SEIVICES.....coerurerreeeerererssseesesesesssssssesesesssssssssesessssssssssssesssssssssssssssssssssssssssessasensans 203
(= (1 T T 210

(= (1 TS 214
Application Startup ACHIVITIES ........ucvivierierrrr s 214
XIVIL PTOCESSING .veveuerueruersessesessessessessssessessesssssssessessessssessessssssssssessessesssssssesaesessssnessessesssssssessenes 216
DOM: In-Memory Representation of a Complete XML Document..........cccovvververiereserseriennes 217
StAX: Streaming PUll Parsing........ccccveerereererserserssessersessessssessessesssssssessessesssssssessesssssssessessens 220

SAX: Event-Based PuSh Parsing.........ccccucmrennnnsnieniess s sessesessssessessesssssssessessens 224
Chapter 9: Messaging with JMS........cccccciiiininnsssssmmmmmmmsssssssssssses s 227
MesSaging Paradigms..........coouecerenmrenernsmsesesesese s sessssesessesessssssssssssssssesssssssssssssssssssessssssssenns 227
Setting Up @ MesSaging ProViter........ccuocvenmrnsennnessssse s s sss e ssssesesssssssssessssssenns 228
Creating QUEUES AN TOPICS....ccvvererererrerrerereeserse s ssese s s s sse e s e s ssese s e s e saessesessesaesaesessesaesaes 229
Submitting and ReCeiVING MESSAUES.....ccceverrrrerreriererersersessessssessessessessssessessessssessessessessssessesses 230
(=T (1< T 234
Managing the Messaging ProVider ... s ssessssessessens 234
Chapter 10: Maintaining State Consistency with JTA Transactions .........cccccureues 239
Modularization in Time: Transaction Demarcation ...........c.cuceervsrnnernnessrssesssesesse s sesesenns 240
Local and Distributed TranSactions.........c.ccuvererisernsmsnsesssese s s sssssse s sesessesenns 240
The ACID Paradigm .......ccceveierienereninsersesessssessessessessssesessesssssssessessessssessesaesasssssessessesssssssessees 241
Transaction MANAQETS........cocvviiriririirrie e a e s s ae s e n e s ae e 242
Container-Managed TranSaCtiONS........cuvvrererrrerserreressssersesesse s ssesssse s e ssessssessessessssessessesas 245
Bean-Managed TranSaCtioNS.........cccvveirnieniennninsse s s se s s s s e s s e snens 248
Observing Transaction for Stateful EJBS.........c...ccovrrenrnnesneserese s 250
Transaction MONITOIING ......cccvveerreierise s e se s e srnne e 251
Chapter 11: Securing Jakarta EE Applications..........ccccinnsmmmmmnnssssnnmnssssssnssssssnnns 257
Securing AdMINISTrAtiVE ACCESS.....ciirirrrrererierersere st s s ses s sre s se e s ss e e s saesaeses e saesnes 257
Securing the ASADMIN TOOL.......ccccvrerrerereesensersersesessersessessesessessessessssessessessesessessessessssessessens 257
Securing the Web Administrator CONSOIE .........cccccvnvrnenninnnnenn e 260

ix



TABLE OF CONTENTS

Securing the Administrative REST SEIVICE.....cccevvrrrrierieresserserersssessessessessssessessessssessessees 261
Securing the Database ACCESS ... s st sse s 262
Securing the JMS MeSSaQiNg.......c.ccvcererirmnieriernnississese s s s sss e s s e saessssessessens 263
(= (1 T TS 265
Securing Web Applications.........ccvriinni 265
Rendering Dependent on Security CONAItioNS .......c.ccoevvrvnieriennsnienese s sessesaens 279
Importing SSL Certificates for Web AppliCations..........cccvvveerersnnrenesssensessesesessessessesessessessens 279
Preparing EJB SECUKILY ...c.ccvevrererrerereresseressessssesessesssssssessessesessessessesssssssessesssssssessessesssssnsesaens 285
(= (1 3 286
Declarative EJB SECUITY......c.cuocrerererererenesenesesresesessesessese s e sessesesss e sessessssssessesesessssenes 290
EXEICISE 3..eeeireerereesrese e se s s e e e e p e e R nr s 292
Programmatic EJB SECUITY ......cccueeerrererinerineserrese s se s sr s s ss s sessssenns 293
Role Mimic: Propagating ROIES ........cccuvvvercererirrirrenesssessese e sessessessessssesessessssessessessesssssssesnens 293
Chapter 12: Deployment Artifacts .........ccscmmmmmmsnmmsenmssnmsssmssssmsssssssssssssssnsssassssas 295
The Eclipse Plugin’s Deployment PrOCESS ........cccvivrcnineninsinnne s s e sne s 295
Using Deployment ArCRIVES ..o e 297
Web Application ArCHIVES ......ccccviririresinse i s s s 298
Creating WARS With MAVEN .........ccoveviiinnnsi s sss s sessssessssessnss 302
o] (1] T 305
Enterprise Application ArChiVes.........cccucererininnnne s 305
Creating EARS With MAVEN ........ccovverrererenessereresessessessessessssessessessssassessesassssssssessssssssssesaees 309
Deploying Applications from DireCIOMES ... snens 313
Chapter 13: Logging Jakarta EE Applications ........ccccccremmsssssssssnnssmmsssssssssssssssnnnas 317
SYSTEIM SIrBAMS.....ccvieeerreserrre e n e ne s p e e s 317
JDK Logging in GIASSTISN ......covceeereiiriesernessnesens e ss s s ss s e s ssenens 318
GIASSTISN LOG FIlS....cceiueieirere sttt re ettt s e s sne s a e s 319
Adding Logging Output t0 the CONSOIE .......ccecereverierrererererserese s ses s sessesse e ssssessessesnes 319
Using the Standard Logging API for Your Own Projects.......ccccceverrnsennnenennscsnsesesesenenns 320



TABLE OF CONTENTS

(=T (1< N 321
LOQQING LEVEIS......eeceeereee et e s s p s e p e e s 321
The Logger Hierarchy and Thresholds.........cccovviirnnininsnnnsn s 322
The Logging Configuration .........c.cueeeeeeernsenenenerescsssesese s ss e sessssesssnens 323
The Logging FOrMAL .......ccccveierenernsisrnesessse e srs e ss s se s s e ssssesesssssnenens 325
Using JDK Standard Logging for Other SEIVErS ........cuvrvrriinnsnieness s sessessessessssessessens 325
Adding Log4j Logging to Your Application........c.ccccevvrrveriernnensensesessssessesessessssessessessssessessessens 326
Adding LOGA] SEIVEr-WIte ......ceeeerererrerseserserersessssessersesssssssessessesssssssessessesssssssessssssssssensesses 327
Changing the Logging FOrmat ..o s 330
Adding Log4j to Jakarta EE Web Applications ..........ccccovverernenerenersscseseseseseses e 332
Adding Log4j to Jakarta EE EAR AppPliCations.........cccuveernserenesenenessse s s sensesessenens 334
Using Log4j in the COoUiNg........cccucererernenineserinsesssesesss e ses s e e s e s ssssssssssssssanes 337
EXBICISE 2.t 338
Chapter 14: Monitoring Jakarta EE Applications.........cccccuneemnrnssssnsnsssssssnsssssssnnns 339
Monitoring over the Admin CONSOIE .........cccorerererernierre e se s 339
Lo AT T oo B 0] Ty (o g T 342
Using REST to Access Monitoring Data...........cccuveernserennenenesesnsssessesessse e sessesessssessssesessesenns 344
(=T (11 I SRS 346

B 10T (0 3o OO 347
Glassfish’s JMX INTEITACE .........cviccrerirneri e s 347

A JMX GUI ClIENT....ecveverererrtresssrsesesesesessssssssssssssssssssssssssssssssssssssssssesesesssssssssssssssssssssssssssanes 349
Adding Glassfish Monitoring 10 JMX.........ccciiinninnsn e enes 352
Implementing Custom JMX MOGUIES..........corrererenerenernesese s 353
EXEICISE 2...ueiveerereerresesrese s e e ss s e e ne e e p e e ne e nr s 357
APPCNUIXeuuttiisssnnnnrssssnnnnesssssnnmmssssnnnsessssnnnsessssnsnsessssnnneessssnnnsessssnnnesssssnnnesssssnnnesssnnns 359
Standard HTML ReNderKit TAQS........cuverrrrerierennerseresesessersessesssssssessessesessessessessssessessesssssssessesses 359
HTML Tag AFDULE ClaSSES...cccirerererrererrersrseressessssessessessessssessessesssssssessesssssssessesasssssessesses 359
HTML TOP-LEVEI TAUS ...c.cirerriirireresin s s e sae s st s s se s s sas s e snes 364
HTML Header EIBMENTS .........cccoeeeerecreecresese s sese s se e s sss e nenns 365

xi



TABLE OF CONTENTS

o N 367
HTML Text Input and QUEPUL ..o e 369
a1 T=] T P 375
HTIMIL IMAJES ... e eeecerreereeeseeesesse e ses e se s e s sss e ses e sss e sse s sessssesnssesseessssssensssnsssessnns 383
HTML BUttons @nd LiNKS.........ccovenerinmmnsesrsesssssessssessssesssssssssssessssesssssssssssssssssssssssssssssssnses 384
HTML File UPI0AQ........oeeeeereeeeiesssesssssss s ss e ssssssssssssssesees 391
HTIML GrOUDING c.veevevteerersersesersersessessssessessesssssssessessssessessesasssssessessessessnsessessensssessesasssssessesses 392
HTIML TADIES ....vvvererereseseseseeeseess s s st s s e ss s s s s s s ssnsnsnsnsnensnenes 393
SOIULIONS t0 The EXEICISES.....c.eieeeereecrerese s 399
CRAPIEE T .o ———————————— 399
CRAPIEE 4. ———————————— 399
LT 0 1 OSSPSR 407
(81 T (=T OO 408
(81 T (T O 416
L T2 ) 1 g OO 423
CRAPIEE 9. ————————————— 424
CRAPIEE 11 e —————————— 430
CRAPIEE 12— 431
{181 T (=T 1 O 432
(8 1 T (=T O 434
11T - 437

xii



About the Author

Peter Spéth graduated in 2002 as a physicist and soon afterward became an IT
consultant, mainly for Java-related projects. In 2016, he decided to concentrate on
writing books on various topics, but with the main focus set on software development.
With two books about graphics and sound processing and two books on Android app
development, the author continues his effort in writing software development-related
literature.

xiii



About the Technical Reviewer

Manuel Jordan Elera is an autodidactic developer and
researcher who enjoys learning new technologies for his

own experiments and creating new integrations. Manuel

won the Springy Award—Community Champion and Spring
Champion 2013. In his little free time, he reads the Bible

and composes music on his guitar. Manuel is known as dr_
pompeii. He has tech reviewed numerous books for Apress,
including Pro Spring, 4th Edition (2014), Practical Spring
LDAP (2013), Pro JPA 2, Second Edition (2013), and Pro Spring
Security (2013). Read his thirteen detailed tutorials about many
Spring technologies or contact him through his blog at http://www.manueljordanelera.
blogspot.com, and follow him on his Twitter account, @dr_pompeii.



http://www.manueljordanelera.blogspot.com
http://www.manueljordanelera.blogspot.com

Introduction

Software development is about telling computers what has to happen if some kind

of input arrives. This is the most salient quality of computer programs, from the very
beginning of computer history up to today. Other and more detailed qualities emerged
as computer programs more and more showed their ability to handle everyday

tasks. While the practical applicability of computer programs increased, two early
discriminations for different kinds of computer programs showed up: the first is the
place where data live, and the second is the place where programs get stored and run.
With the rise of networks and personal computers (PCs), developers had two options
concerning the program storage place:

o programs could be stored and run locally on PCs,

e orthey could be stored and run at some central place on a network,
with the PCs serving as mere input-gathering and presentation-
offering units at software operators’ desks.

The data soon was handled by specialized programs called databases, which could
be tailored to store huge amounts of data and which offered fast access to data by virtue
of specialized data-access languages.

The delegation of computer programs away from the users’ desks so as to favor
central program storage at some network node led to a really powerful software
development paradigm: the client-server architecture. Here, clients basically are units
accessing services offered by servers running at central network nodes. In this context,
we use the term "service” in a very general manner; in modern architectures,
services often show up in combinations like web services or service-oriented
architecture, which often means specialized-access technologies. See Figure 0-1 for a
bird-view plot.

The advantage of such a client-server architecture is clear: new software versions
with updated or new service program features need to be installed at just one place.
The presumably many client program installations need to be updated only if the input
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INTRODUCTION

or presentation logic changes. In addition, the installation programs for different client
software versions could be provisioned by the server too, such that other than the client
software installation procedure, the complete program logic concerning services and
client software installers could be managed at just one place—the server node in the
network. In one way or another, this client-server paradigm prevailed over all other
evolutionary steps in the history of IT.

Client 1 Client 2 o0o
A Y ')
. ’
. ’
*s Network ,'
A ’

Figure 0-1. Java client-server architecture

Note that clients are not restricted to input and presentation units like terminals
or browsers. Clients can also be other servers that, in their functioning, need to access
services from a server. This frequently happens in a corporate environment, where
different servers are responsible for different aspects of a business. Think of a factory,
where one server could hold process instructions, another one could handle human
resources, a third one would deal with invoices, a fourth one could serve the company’s
website, and so on.
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In this book, we will be talking about such server programs. We will capitalize on
Java®! as a programming language and the set of Java enterprise edition specifications
known by Jakarta EE (formerly JEE or J2EE). The services in question include the
following:

— Web access

This comprises various formats and protocols used for browser

access to resources.
— Web services

These are for a standardized access to resources. They get primarily
used by other servers, so web services are for machine-to-machine
communication purposes.

— Messaging services

These handle asynchronous processing of messages. Messaging
plays an important role in large architectures where message
producers can send messages to message brokers and after that can
immediately resume their work, while message receivers can fetch
messages after some delay.

Under the hood, several other technologies play a role. This includes access to
databases, transaction control, special objects for remote access, and more.

Java enterprise server technologies are closely coupled with a specific version of the
underlying constituent technologies. The target Java enterprise server version addressed
in this book is Jakarta EE 8, exemplified by the open source edition of the Glassfish
reference implementation (version 5.1). During the course of this book, we'll talk more
about the details of Jakarta EE sub-technologies at use.

For development, an integrated development environment (IDE) comes in handy
and helps with everyday development tasks. It is a program run on a developer’s desktop
machine (or laptop, of course), and it can be used to build Jakarta EE programs, which
can be run both locally on the developer’s machine or be transported to a real server
somewhere in the network. We will be using the Eclipse IDE, which is freely available and
free to use for any development stage, including production.

'Both Java and Oracle are trademarks or registered trademarks of Oracle Inc. The author is
independent of Oracle Inc.
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Note The Java programming language, the underlying Java runtime engine, and
its enterprise variant form just one option for a computer language and technology
capable of running servers. There are many more. The reason we talk about Java
is that it is modern and quite versatile, can be freely used, has Oracle as a big
supporting company, and is widely adopted by a huge community of developers.

The Book’s Targeted Audience

This book is for beginning enterprise software developers with knowledge of Java
standard edition version 8 or later programming. Profound Java programming is
surely helpful, but the author tries to explain advanced language constructs wherever
necessary. Also, online Java documentation is available, including tutorials, which can
help to fill in knowledge deficiencies.

As a development platform, the Linux operating system gets used, although
Windows instructions will be presented as well, and Java can run on several platforms,
which can be used interchangeably without major adaptions. This book does not talk
about hardware issues, except for maybe some cases where hardware performance has a
noticeable impact on the software.

The readers will in the end be able to develop and run Jakarta EE 8 programs of
beginning to mid-level complexity.

Source Code

This book’s source code can be accessed by clicking the Download Source Code link
located at www.apress.com/9781484250785.

How to Read This Book

Reading this book sequentially from the beginning to the end gives you the maximum
benefit. If you already have some basic enterprise Java development knowledge, you
can skip sections and chapters at will, and you can of course always take a step back and
reread sections and chapters while you are advancing inside the book.


http://www.apress.com/9781484250785

CHAPTER 1

Java Development,
Enterprise Needs

In a corporate environment, a programming language and software platform like Java
has to fulfill a couple of needs that are important to running a business. It has to be
able to connect to one or more databases, reliably establish communication with other
IT-based systems in the same company or connected businesses, and be powerful
enough to consistently handle input and perform calculations based on both input and
database data, as well as present the appropriate output to clients. As a cross-concern,
security also plays an important role: an authentication process needs to be established
that forces users to identify themselves, and an authorization needs to be achieved to
limit the amount of resources a particular user is allowed to access. In addition, activities
need to be logged for technical maintenance and audit purposes, and the platform
should be able to present monitoring data for technical sanity checks and performance-
related investigations.

For all of these elements to work in a desired way, a language and platform must
be stable with respect to future changes and enhancements. This has to happen such
that new language and platform versions can be appropriately handled by the IT staff.
Jakarta EE follows this trail and by that largely augments its usefulness for corporate
environments.

In this chapter, we will talk about standardization issues that help Jakarta EE to
achieve its goals. And we will deal with licensing and the relationship of Jakarta EE
to other technology stacks. The chapter closes with a short survey about Java 8 as a
platform and as a programming language.

© Peter Spath 2019
P. Spéth, Beginning Jakarta EE, https://doi.org/10.1007/978-1-4842-5079-2_1
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Standardized Specifications

Specifications are important—they tell us what a software can do and how it does it, and
they keep track of new versions. The main specification we use in this book reads Jakarta
EE 8, and it includes sub-technologies also closely described by exact version numbers.
We give a list here and a short description of what each technology does. If you don’t
understand it yet, don’t worry. We will give thorough introductions to most of them in
the course of this book. Note that the list is not exhaustive—it does not include some
more advanced APIs, which we won'’t cover in this beginning Jakarta EE book.

— Enterprise Java Beans (EJB)—Version 3.2

EJBs represent entry points for business logic. Each EJB plays
the role of a component in an overall Jakarta EE architecture

and signs itself responsible for a dedicated business task. EJBs
allow one to add security, transactional features, JPA features for
communication with databases, and web services functionality,
and they can also be entry points for messaging (JMS; see later
bullet item).

— Java Server Faces (JSF)—Version 2.3

JSF is the dedicated web front-end technology to be used for
browser access. It superseded JSPs (Java Server Pages), although
the latter is still part of the Jakarta EE specification. In this book,
we will concentrate on JSF for front-end work. JSFs usually
communicate over EJBs with the business logic.

— Unified Expression Language (EL)—Version 3.0
An important means for JSF pages to communicate with the
application logic.

— RESTful Web Services (JAX-RS)—Version 2.1
REST (REpresentational State Transfer) is about the original HTTP
protocol, which defines reading and writing resources. It recently
gained increased attention for single-page web applications,

where the front-end page flow gets completely handled by

JavaScript running in the browser.
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JSON Processing (JSON-P)—Version 1.1

JSON (JavaScript Object Notation) is a lean data format that is
particularly useful if a considerable amount of the presentation
logic gets handled by JavaScript running in the browser.

JSON Binding (JSON-B)—Version 1.0

This technology simplifies the mapping between JSON data and
Java classes.

Web Sockets—Version 1.1

Provides a full-duplex communication between web clients
(browsers) and the Jakarta EE server. Other than “normal” access
via HTTP, web sockets allow the server to send messages to a
browser client as well!

JPA—Version 2.2
The Java Persistence API. Provides high-level access to databases.
Java EE Security API—Version 1.0

A new security API that didn’t exist prior to Jakarta EE 8. It
includes an HTTP authentication mechanism and an identity
store abstraction for validating user credentials and group
memberships, and also provides a security-context API to
programmatically handle security.

Java Messaging Service (JMS)—Version 2.0

This is about messaging, which means messages can be produced
and consumed asynchronously. A message sender produces and
issues a message and can instantaneously continue its work even
when the message gets consumed later.

Java Transaction API (JTA)—Version 1.2

JTA makes sure that processes that combine several worksteps
acting as a unit can be committed or rolled back as a whole. This
can become tricky if distributed partners are involved. JTA helps
a lot here to ensure transactionality, even for more complex
systems.
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Servlets—Version 4.0

Servlets are the underlying technology for server-browser
communication. You usually configure them only once at the
beginning of a project. We describe servlets where necessary to
get other technologies to run.

Context and Dependency Injection (CDI)—Version 2.0

CDI allows one to bind contexts to elements that are governed
by a dedicated lifecycle. In addition, it injects dependencies into
objects, which simplifies class associations. We will use CDI to
connect JSF elements to the application logic.

JavaMail—Version 1.6

This provides facilities for reading and sending email. This is

just an API; for an implementation, you can, for example, use
Oracle’s reference implementation: https://javaee.github.io/
javamail/.

Bean Validation—Version 2.0

This allows for restricting method call parameters to comply with
certain value predicates.

Interceptors—Version 1.2

Interceptors allow you to wrap method calls into invocations
of interceptor classes. While this can be done by programmatic
method calls as well, interceptors allow you to do that in a
declarative way. You usually use interceptors for crosscutting
concerns, like logging, security issues, monitoring, and the like.

Batch Processing—Version 1.0

This handles jobs that need to be started based on some
scheduling.

Java Server Pages (JSP)—Version 2.3

JSPs can be used to establish a page flow in a server-browser
communication. JSP is an older technology, but you still can use


https://javaee.github.io/javamail/
https://javaee.github.io/javamail/
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it if you like. You should, however, favor JSFs over JSPs, and in this
book we don’t handle JSPs.

JSP Standard Tag Library (JSTL)—Version 1.2

This is used in conjunction with JSPs for page elements. You could
use it for JSFs as well, but you should avoid it, since confusing side
effects are likely to show up if you combine them. In this book, we
won't talk a lot about JSTL.

Jakarta EE runs on top of the Java Standard Edition (SE), so you can always use

any classes and interfaces of the Java SE if you program for Jakarta EE. A couple of

technologies included within the Java SE, however, play a prominent role in Jakarta EE,

as follows:

JDBC—Version 4.0

An access API for databases. All major database vendors provide
JDBC drivers for their product. You could use it, but you shouldn’t.
Use the higher-level JPA technology instead. You'll get in contact
once in a while, because JPA uses JDBC under the hood.

Java Naming and Directory Interface (JNDI)

In a Jakarta EE 8 environment, objects will be accessed by other
objects in a rather loose way. In modern enterprise edition
applications, this usually happens via CDI, more precisely via
dependency injection. Under the hood, however, a lookup service
plays a role, governed by JNDI. In former times, you'd have to
directly use JNDI interfaces to programmatically fetch dependent
objects. You could use JNDI also for Jakarta EE 8, but you normally
don’t have to.

Java API for XML Processing (JAXP)—Version 1.6

This is a general-purpose XML processing API. You can access
XML data either via DOM (complete XML tree in memory), SAX
(event-based XML parsing), or StAX (see the following bulleted
item). This is just an API; normally you’d have to also add an
implementation, but the Jakarta EE server does this automatically
for you.
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— Streaming API for XML (StAX)—Version 1.0

This is used for streaming access to XML data. Streaming here
means you serially access XML elements on explicit demand (pull

parsing).
— Java XML Binding (JAXB)—Version 2.2
JAXB is for connecting XML elements to Java classes.

— XML Web Services (JAX-WS)—Version 2.2

Web services are for remotely connecting components using XML
as a messaging format.

—  JMX—Version 2.0

JMXis a communication technology you can use to monitor
components of a running Jakarta EE application. It is up to the
server implementation as to which information gets available for
JMX monitoring, but you can add monitoring capabilities to your
own components.

The specifications get handled by a community process, and there will be tests that
have to be passed if a vendor wants to be allowed to say its server product conforms to a
certain version of Jakarta EE (or one of its predecessors, JEE or J2EE). It is not necessary
to study this process if you want to understand Jakarta EE to the level we cover in this
book, but if you are interested, the corresponding online resources give you much
information about it. As a start, enter “java community process jcp” or “java eclipse
ee.next working group” in your favorite search engine.

Multi-tiered Applications

In a corporate environment especially, it is common practice to modularize applications.
On a higher level, the modules usually get called layers, and if there is more than one layer
the application architecture is referred to as multi-layered or multi-tiered architecture.

So far, we've been talking about the client-server model, which is the most common
example of a two-tiered architecture. For web applications and applications with
dedicated client applications instead of browsers, it is, however, more appropriate to
consider a three-tier architecture, which consists of the following elements:

6
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— Client applications

Browsers or specialized programs running on client machines and
containing only input and presentation logic.

— Application server

A server like Jakarta EE responsible for calculating and delivering
data to the presentation layer.

— Data source
A layer that holds the data. Most probably this is a database.

In a multi-tiered or multi-layered model, each layer depends only on the layer
underneath it. So, in a three-tiered model the application tier depends on the data tier,
and the presentation tier depends on the application tier. See Figure 1-1.

Presentation . - vee
Layer

.‘ “

. N

- A

depends on

Application
Layer

depends on

Data
Layer

Figure 1-1. Three-tiered model

There are other models with a different tier demarcation, or even four and more
tiers. For our aim, it is best to think of a three-tiered model as just stated.
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Why Jakarta EE?

The Java enterprise edition was initially developed by Sun Microsystems and had the
name J2EE. In 2006, the naming and versioning schema was changed to JEE, and after
J2EE version 1.4 came JEE version 5. Since then, major updates have happened, and
versions JEE 6, JEE 7, and JEE 8 were released. In 2010, Sun Microsystems was acquired
by Oracle Corp. Under Oracle Corp., the versions JEE 7 and JEE 8 were released. In 2017,
Oracle Corp. submitted Java EE to the Eclipse Foundation, and there the name of JEE 8
was changed to Jakarta EE 8.

In the beginning of 2019, the transition from JEE 8 to Jakarta EE 8 was still ongoing.
So, depending on when you read this book, it could be that for online research on Jakarta
EE 8 you have to consult pages about both JEE 8 and Jakarta EE 8. This is something
you should keep in mind. To not complicate things in this book, we will only talk about
Jakarta EE.

Exercise 1

Which of the following is/are true?
1. Jakarta EE 8 gets maintained exclusively by a single company.
2. Jakarta EE 8 does not depend on the Java standard edition (JSE).
3. Jakarta EE 8 is a successor of Jakarta EE7.

4. A multi-tiered model describes a modularization using
independent modules.

5. The access to a database could be handled exclusively by a
dedicated single tier.

Jakarta EE Servers and Licensing

When this book was written, there were not many Jakarta EE 8 servers released. There
are basically the following:

o Glassfish Server, Open Source Edition, from Oracle Corp.

o WildFly Server, from Red Hat
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o JBoss Enterprise Application Platform, from Red Hat
e Websphere Application Server Liberty, from IBM
¢ Open Liberty, from IBM

These servers have different licensing models. Glassfish, WildFly, and Open Liberty
are free. This means you can use them without charge both for development purposes
and production. To run the JBoss Enterprise Application Platform a subscription is
required, although the sources are open. Websphere Application Server Liberty is
proprietary.

In this book, we will talk about the Glassfish server, open source edition, version
5.1. Due to the nature of Jakarta EE 8, a transition to other servers is always possible,
although you would have to spend a considerable amount of time changing the
administration workflow.

Note If you target a proprietary server, it is generally not recommended to start
development with a different product from a different vendor. You should at least
try to develop with a free variant of the same server, or try to get a developer
license. To learn Jakarta EE 8, using Glassfish first and only later switching to a
different product or vendor is a reasonable approach.

Excursion to Microservices

Microservices are currently en vogue. They describe an architecture model where each
module is responsible for just a single fine-grained task. While it is not this book’s goal to
introduce microservices, nothing prevents us from following microservice architecture
paradigms, as follows:

o Each microservice handles just one identifiable and easy-to-grasp
business task.

e Microservices are loosely coupled. Each microservice may easily be
replaced by a new version.

o When releasing a new version of a microservice, the old version
should be made available for some time to allow for transition.
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Microservices must be well isolated from other microservices. That
means each microservice should be functional as independently
from other microservices as possible.

Each microservice may provide its own user interface. This could be
aweb front end, for example.

Communication between different microservices should happen in a
lean message format, like, for example, JSON.

Microservices should be stateless to avoid complex state handling.

If combined with Jakarta EE, each microservice gets deployed using
its own deployment artifact. Under certain circumstances, a single
microservice might be running in its own server instance. It could be
possible, for example, to run microservices all in one server instance,
or to scatter them over many different servers running on different
network nodes.

Microservices often use lean REST interfaces for communicating with
other microservices.

can tailor your Jakarta EE application to adhere to these microservices paradigms.

Jakarta EE Applications and the Cloud

There is an ongoing discussion about whether enterprise applications should be

running on something that is considered a monolithic Jakarta EE server, or in a cloud
environment, which basically means following a microservices architecture and having
the infrastructure for running applications get outsourced to a cloud. If you consider

them opposite poles, there are good reasons to favor one over the other. Some of

the reasons are technical, some stem from marketing perspectives, and some target

licensing and maintenance issues. Instead of contributing to this almost religious

discussion, I leave the final decision to the reader. A couple of points that could be taken

into account are as follows:
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A cloud is not utterly new from a technical perspective; the services
infrastructure gets handled by a cloud product, which could be run
by a third-party company. It still follows the venerable client-server
paradigm.

Jakarta EE servers are nowadays more lightweight than they used
to be a single instance has an infrastructure overhead of less than
100 MB of memory. This is small compared to what modern servers
can provide. A RAM of 64 GB capacity, common today, allows for
hundreds of Jakarta EE instances to run on one computer, and it is
even possible to switch off certain unneeded parts of a Jakarta EE
server to further reduce the memory footprint.

Cloud applications presumably are better scalable compared to
monolithic Jakarta EE applications.

If you rely on cloud infrastructures provided by other companies,
you have to be aware that your business data get handled by foreign
companies. This requires a big amount of trust, and in the worst case
you lose control over valuable business resources.

If you use clouds provided by other companies, you outsource
technical know-how. This is an advantage since you don’t have to
provide appropriate human resources yourself, but you also give
away control and risk a vendor lock-in.

If control over your own applications and your own data is important, having your

own Jakarta EE infrastructure might be the way to go. You could even consider running

your own company cloud either with or without the participation of Jakarta EE. In this

book, we won’t cover cloud issues, but you are free to tailor your applications to mimic

cloud-like behavior from an infrastructure perspective.

Exercise 2

True or false?

Jakarta EE 8 follows a microservices architecture.

2. Torun Jakarta EE 8 you need cloud access.

11
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The Java Standard Edition JSE 8

In this book, we talk about the Jakarta EE 8 server, which entirely runs on and depends
on Java. Java was invented in 1991 but was first publicly released under version 1.0 by
Sun Microsystems in the year 1996. Over the twenty-three years since then, Java has
played an important role as both a language and a runtime environment or platform.
There are several reasons why Java became so successful, as follows:

o The same Java program can run on different operating systems.

e Javarunsin a sandboxed environment. This improves execution

security.
e Java can be easily extended by custom libraries.

e The Java language was extended only slowly. While a slow evolution
means new and helpful language constructs are often missing from
the most current language version, it helps developers to easily keep
track of new features and thoroughly perform transitions to new Java
versions in longer-running projects. Furthermore, with only a small

number of exceptions, Java versions were backward-compatible.

e Javaincludes a garbage collector, which automatically cleans up

unused memory.

Since 1998 and the major rebranding as Java2, the platform was made available in
different configurations, as follows:

e The standard edition J2SE for running on a desktop. Further
separated into JRE (Java runtime environment) for just running Java,
and JDK (Java development kit) for compiling and running Java.

¢ The micro edition J2ME for mobile and embedded devices

o The enterprise edition J2EE with enterprise features added to
J2SE. Each J2EE configuration includes a complete J2SE installation.

For marketing purposes, the “2” was removed in 2006, and the configurations
since then got named JSE (or JDK, which is JSE plus development tools), JME, and JEE,
respectively. In 2018, JEE was moved to the Eclipse Foundation and renamed Jakarta
EE. The Java language substantially changed in the transition from Java 7 to Java 8. We
will be using all modern features of Java 8 for our explanations and code examples.
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