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The Miserable Business of

Hosting Projects

With more companies leaving the business and the survivorsigean intens

war, is the model of free open-source hosting sustainable?

In late April, Oracle announced that it would be
shuttering project-hosting sites Project Kenai

and Java.net at the end of April 2017. The reason
was that there was no desire to compete with sites
such as Bitbucket and GitHub, among others. The
closures continue a long-standing phenomenon:
the exiting from open source project hosting by
companies whose principal business is not closely
tied to hosting code.

Project hosts did not really begin in earnest
until the open source movement took root in the
late 1990s.

By 1999, two principal models for open source
project hosts began to emerge: the open-to-
everyone sites and the more selective hosts. The

PHOTOGRAPH BY BOB ADLER/GETTY IMAGES

latter group included Codehaus, Tigris.org, and
other sites that required approval before a project
could reside there. Typically, the requirements
focused on the kind of license, the seriousness of
the project, and whether it had the potential to
catalyze a developer community.

These sites were viewed as the elite stratum.
They hosted vetted projects that were likely to
succeed. This model worked surprisingly well.
Codehaus became the home of Groovy, Maven,
Sonar, and most of the early loC (inversion of
control) frameworks—not bad for a site host-
ing a few hundred projects. The Apache Software
Foundation and the Eclipse Foundation today
pursue a similar model (although with important

ORACLE.COM/IAVAMAGALMHEITTTIITTIITTTTITTTTTTTTTTT MAY/JUNE 2016
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vwuxfwxudo#gl<huhqgfhyv,1#howeverkdreaed a double bur-

model to truly work, the sponsor-
ing organization must be able to
successfully solicit funds to cover
costs and recruit volunteers to
run operations. Without this kind
of funding support, most of these
curation-based sites have atro-
phied or disappeared altogether.

Idflgj#r<#djdlgvw#wkh p# dRréject Kenai, JavaForge, and oth-

hosts that accept all projects.

For much of the previous

decade, the leader was undeni -
ably SourceForge. If curating
hosts were the cathedrals, then
SourceForge was the bazaar:

dfwlyh/#qrlv|/#=00hg#zlwk #ontinydug investments in the

amounts of low-value projects—
projects abandoned immediately
after setting up the site, class-
room projects, and so on—inter-
spersed with occasional jewels.
The success of this model
inspired competitors—notably
Google Code, which quickly
became the place to go for devel-
oper-oriented projects. And the
model sprouted a hybrid approach
in which sites welcomed projects

li#wkh|#ixo=00hg#vVvrph#pl gprovidad eohtinuous integration,

ria. Java.net was such a site, with
the requirement that projects be
written in Java. Similar language-

vshfl=f#viwhv/#vxfk#dv#U x bdJe agimeéd their places through

followed this approach.
Competition among hosts,

ORACLE.COM/IAVAMAGAUMHEITTIITTTITTTTHTTTHTTTTHTHTTTT

gl?fxow#wr#whoo#zkhwkhu#
of hosting huge numbers of proj-
ects at no cost can be sustained
services for free, but they also long-term. GitHub, for example,
needed to regularly upgrade their has revamped its  pricing due to
r<hulqjv1i#Prvw#vIiwhv{#diwheadto-hgad competition with
eral rounds of investing in new GitLab—with each side progres -
features, decided to throw in the viyho|#r<hulqgj#pruh#xqgolpl
towel. Google Code, Java.net, features at no cost. Obviously,
that's a model that cannot con-
wlgxh#lggh=qlwho|l#

This situation is somewhat
reminiscent of where publishing
zdv#=yh#ru#vl{#|hduv#djr d
zkhg#viwhv#frpshwhg#e|#r<
ever deeper and more-elaborate
content at no cost. Eventually,
the model had to self-correct,

den. Not only were hosts obliged
to bear the costs of providing

ers have closed or are in the pro-
cess of shutting down.

Part of the pressure came from
new companies that have a true
commercial stake in hosting
projects and are willing to make

services: principally, Bitbucket

(part of Atlassian), GitHub, and and now paid subscriptions are

GitLab. emerging as the new norm.
Wkhlu#r<hulqgjv#duh#srolvHegeect that given the long

and deep—websites, wikis, code list of companies exiting project

review tools, and defect trackers, hosting and the intense compe -

in addition to SCM. (Extensive as tition among the survivors, the

wkhvh#r<hulqjv#duh/#L#vk mode #slrdentdally need to

out, they are not as complete as evolve to one in which developers

early sites, such as Codehaus, pay for some of the services they

zklfk#dovr#r<huhg#hpdlo#daqw get for free. Given the high

mailing lists, hosted user forums, txdolw |#ri#wkh#fxuuhqw#r<

it seems fair to me to ask that we

and arranged for free licenses to shoulder some of those costs.

commercial development tools.)
While the new market leaders

Andrew Binstock, Editor in Chie
javamag_us@oracle.co

@platypusguy

admirable products and wise
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A Note on Annotations

In “Annotations: An Inside Look” (March/April 2016,
page 35), Cedric Beust wrote, “Since 2004, there ha
been only one major update to annotations in the JD
JSR 308, which added more locations where annota-
tions could be placed”

However, it's worth knowing that Java 8 improves
brevity by allowing multiple annotations of the sam
type to be written on an element without the need f
a “wrapper” annotation. For example, on page 47 of
“What's New in JPA: The Criteria API,’ the code

@NamedQueries({
@NamedQuery(name-=..., query=...),

-}

could drop  @NamedQueried NamedQuerywas
repeatable, and simply use multiple
annotations directly on the class.

java.lang.reflect. AnnotatedElement
info for interested readers.

or

@NamedQuery
The javadoc for
has more

—Alex Buckley

Vshfl=fdwlrqg#Ohdg/#Mdyd#0dqjxdjh#d g g8/t Berthhgd for the loss of readability

var vs. val
Re: your editorial on JDK Enhancement Proposal 286
(March/April 2016, page 3), | don't agree that

var surprise = new HadynSymphony();

is better than

HadynSymphony surprise = new HadynSymphony();

In the example you provided, you didn't really cut
down on the verbosity in a meaningful way; you just

MAY/JUNE 2016

replaced one token with another that's shorter but
also less meaningful. You went from “here’s a new
yduldeoh#zlwk#wkh#vshfl=hg#w]|sh$#wr##khuh!
yduldeohl$#\hv/#wkh#=uvw#dssurdfk#srwhqwldc
me a few keystrokes, but for whom are those key-
strokes really a problem? I've been coding in Java
awhile and never thought (or heard anyone else say) ,
#Jhh/#L#zIvk#L#glgg!'w#kdyh#wr#gh =fgroftw kh #w |
variable—that would save me so much time and
make debugging easier.”

Also, many type names are shorter—sometimes
vlijgl=fdqwo|#vr vlagdrsSymphonyin fact, |
suspect that the somewhat longish name was delib-
hudwho|#fkrvhg#wr#h{djjhudwh#wkh#vx&#srvhg#e
the proposal. Plus there’s also the fact that somet hing
like this is fairly common:

Symphony surprise = new HadynSymphony();

Using the var approach here would not only elimi-

nate useful information (the type | really care abo ut
versus the implementation that was instantiated), b ut

IS the
wlph#L#vdyhg#qrw#w|slqj#d#zkrsslgj#=yh#fkdu
And that, in a nutshell, seems to be the problem wi th

wklv#sursrvdo=#wkh#orvv#ri#frgh#ahtdgdelolw|?
by a comparable gain in the amount of time it takes

to create or maintain the code. It seems like a sol u-

tion in search of a problem and a desperate attempt to
=gqg#vrph#zd|#wr#fkdqjh#Mdyd#udwkhu#wkdqg#v
wkdw#zloo#dfwxdoo|#eh#ehqgh=fldo#j#uégHlwkhu:
experienced programmers.

Regarding val versus const , | have to disagree
thuh/#wrrl#Lq#doo#quhvw|/#zkh\m#L#:uvw#vl
h{dpsoh/#L#zrqghuhg#zkdw#Iw#zdv#wk#dw#|ghq
constantin val normalTemp = 98.6;

06|
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Then | realized that the earlier example ( Haydn
Symphony used var while this one was using  val .

>]bmhk :glk”p ;bglmh\d k~lihg]I3 Masgldrrhn _hk
mahn am_ne% ]"mZbe”] ghm”' RhnihBdMmI®%f* ~q'

In other words, without careful scrutiny it's easy to

get them confused. Part of the problem is the visua

similarity, but it's also an issue of semantics: th e

name val by itself doesn't imply something that's
constant. From a Java perspective,

var doesn't just

ANonrg mahn a fr ik _~k~rg\*l kng \hngmdK kfth rhnl
B ]h ]blZz k~™ pbma rhnk ]blfbllZe p»kma”® oZen”
drrimkhd”l'" Rhn I*™ ebmme” ["gh®kZfZMkha”™ bghb
Ahp?ro*"k% ZI Z k*Z]1"k h_ \h]*"% [*bgIimbgf\1] pbm.
mazZm K"Ni*"Zm ngg”™]™] mri® bg_hkfZr\bhy bl Z m

phdg#vrphwklgj#wkdw#fdqg#ydu|/#ehfdxvih#erak#rpPTébodkl ebmme” oZen”' PabeZIlrhn ob”p

(that is, in the
about “constant variables”) and informally (in your
editorial), variable is used as an umbrella term that
includes both constants and true variables. That’s
how it's used in the vernacular by Java programmers
making Vvar a poor choice for indicating something
wkdw!v#pxwdeoh#dqgg#qrgq=qdol
The one thing | do think would be an improvement

CZoZ EZg nz ™ Li™)wiedhzatks hg

also

inkihl*er e*g mar mh a”ei fZzd” fr ihbgm% fr \hg
ma” mbf® pZl maZm bm pZl| ngk*ZebHmBlZeer lal
pkbmbg "gm~*kikbI™ Ziil% ~li*"\bZager &A™ mazZm
phkdl% Zk~ ZfbebZk pbma !Zg] mbkMmjzh_" J*"Zel
mri®*l mazZm \Zkkr fnla ehg "k gZfrl'f?ma™qzZfie”
Likbg™ _kZf»AbgtetinterceptorDriven

BeanDefinitionDecorator '"MaZm% B "kZgm rhn% bl
azZil Zzg "gmk~fr \zZI"4 ahp”o"k% ehgmaeZzZll gzf"|

Ilv#vrphwklgj#wkdw#zdvqg!w#hyhqg#suhv|igwhgh kv dlgf s &dhod Ziieb\Zmbhgl'

something like this:

Shorten from the Other End

Regarding your editorial in the March/April issue

about the proposed additions to Java, why is the va ri-

const normalTemp = 98.6;

This provides the abbreviated grammar without the

) ) ability removed from the left side to be inferred f rom
vagueness of val and segms like a no-brainer when the right to mimic dynamically typed language syn-
compared to its current equivalent: tax? Consider your example:
final float normalTemp = 98.6f; var surprise = new HaydnSymphony():

Here the const keyword standsin for  final , and versus my recommendation:

it indicates that the type is to be inferred from t he

assigned value. There’s still a loss of explicit in for- HaydnSymphony surprise = new();
pdwlrg#+wkh#yduldeoh#ehlqfl®ath 3 dbtgt | v#d#

least now you've gone from two tokens down to one | prefer the fact that a statically typed language has a

lgvwhdg#ri#wudglqgj#rgh#wrnhq#iru#dwg | < hgirbpwetatehgetto khe type a variable is declared to
meaningful one. be. The verbosity comes in when you have to repeat it
for the newoperator. My approach also makes it easier

in debugging, and not just in local scope use.

—Brett Spell
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Viploduo|#iru#wkh#qgdwlyh#ru#={hg0ydoxbhonsBooksfaepkearning Java
ohvv#frg>Ifwhg#exw#vwloo#suhihu#wkwid 'sircaritgmplaprdyoécoming a mobile game devel-

be added to the variable declaration:

val normalTemp = 98.6;

would convey more information if it used the litera
vshfl=hulri#

const normalTemp = 98.6f;

From South Africa, thanks for a wonderful magazine.
—Rudolf Harmse

Why Not Left-Side “new”?

Instead of the var keyword, | propose an idea | sub-
mitted a long time ago to Project Coin . It's the use of
newon the left side of assignments. Instead of

HaydnSurprise surprise = new HaydnSymphony();

| suggest

new surprise = HaydnSymphony();

This avoids an additional keyword and is the simple st

statement.

As for val , | think using the reserved const key-

rshu/#dqg#L!p#vwuxjjolqj#wr#judvs#hNhdyd#dv#d
surjudpplqgj#odgjxdjhl#zZk|#Iv#Iw#vr#gIBi#xow#w
The books that | have been studying are more than
1,000 pages long. It's a serious commitment to make
Are most professional Java programmers self-taught?
How should I train my mind for this? What should | be
thinking of?
—Frederick Pifia

>]bmhk :glk”p ;bglmh\d k~lihg]I3 Hdkh Z _kZ\mtk
"kzffrkl Zk™ _hkfZeer mkZbg”]' FZgriZzkKyllhe &mr
A"org mahl” pah Zk™» hkfZeer mkZbgmhtp““gmnZ«
e _&mZn am mh d*”i ni pbma Z]JoZdg¥Hibg Ih_m
fArgm' Pa"g e*Zkgbg Z g”p eZg nZ ~% & \hffhg
bl mh [~ bg [r pkbmbg IfZee ikh kZfrhazdndEm ]h |
:\eZllb\% _hk rgzZfie*% bl Z ikh kZfgmbBZm Z\\"|
"kZ]N mAfirkZmnk”® hg ma” \hffZg] ebmga”~zZg] ]blie
AijnboZe”~gm ?Zak”gabm mAfi*kZmnk”' B_ mabl
e"Zkgbg [r ]hbg fnlbg IfZee% bg\k*fAgmZe ikh
Zii“Zel mh rhn% ma”g Blukaths Beymhing

Java' Bm \hf~Al bg mph Zohkl ]"i*g]bg  hg pab\a ]
fAgm ~gobkhgf*gm rhn ni*f>\ebil® hk G m;~Zglf
prb al bg Zm p~*ee ng]™*k *%))) iZ "MM[hBi ik ob” p"]
bg ma” CZgnZkr(?~[knZkr +)*/ blIn*"% hg iZ ™ *+

zrug#lv#d#ehwwhu#vroxwlrq/#li#lzqqidd#\N#l\/\Cbﬁ)[\alti(U§d#

constant and not just an initial assignment. | thin k
more Java programmers come from the C and C++
languages than from Scala, although for younger pro
grammers, Java or JavaScript is now their initial | an-
guage. In any case, there’s less need for simplifyi ng
constant declarations than object declarations.

—Barry Kleinman

MAY/JUNE 2016

We welcome comments, suggestions, grumbles,

kudos, article proposals, and chocolate chip cookie S.
All but the last two might be edited for publicatio n.
If your note is private, indicate this in your mess age.

Write to us at javamag us@oracle.com . For other
ways to reach us, see the last page of this issue.
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JavaOne Latin AmeritéNE 28-30

SAO PAULO, BRAZIL

The Latin American version of the pre-
mier Java event includes presentations by
the core Java team, tutorials by experts,
and numerous information-rich sessions,
all focused tightly on Java.

PHOTOGRAPH BY DIEGO TORRES SILVESTRE/FLICKR
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GeeCON

MAY 11-13

KRAKOW, POLAND
GeeCON is a conference
focused on Java and JVM-based
technologies, with special
attention to dynamic languages
such as Groovy and Ruby. The
event covers topics such as
software development meth -
odologies, enterprise archi -
tectures, design patterns, and
distributed computing. More
than 80 sessions are slated.

MAY/JUNE 2016

O'Reilly OSCON

MAY 16-19

AUSTIN, TEXAS

The popu lar open source con-
ference moves to Texas this
year, with two days of training
and tutorials before the two-
day conference. Topics this
year include Go unikernels,
scaling microservices in Ruby,
Apache Spark for Java and Scala
developers, and an Internet

of Things (loT) keynote from

conference in Eastern Europe.

The annual conference focuses

on Java technologies for appli-

cation development. This year
r<huv#=yh#wudfnv#dqgg#78#vsh
ers on modern approaches in

the development of distrib -

uted, highly loaded, scalable

enterprise systems with Java,

among other topics.

|Prime
MAY 26-27

ehvwOvhoolgj#vflhqgfh#=fwP@EA, BULGARIA

author and Creative Commons
champion Cory Doctorow.

JavaCro

MAY 18-20

ROVINJ, CROATIA
JavaCro, hosted by the Croatian
Association of Oracle Users

and Croatian Java Users
Association, will once again

be held on St. Andrew Island,
also known as the Red Island.
Touted as the largest Java com -
munity event in the region,
JavaCro is expected to gather 50
speakers and 300 participants.

JEEConf

MAY 20-21

KIEV, UKRAINE
JEEConf is the largest Java

jPrime is a relatively new con-
ference with talks on Java,
various languages on the JVM,
mobile and web develop -
ment, and best practices. Its
second edition will be held in
wkh#Vr=d#Hyhqw#Fhqwhu/#uxq
by the Bulgarian Java User
Group, and backed by the big-
gest companies in the city.
Scheduled speakers this year
include former Oracle Java
evangelist Simon Ritter and
Java Champion and founder of
JavaLand Markus Eisele.

IndicThreads

JUNE 3-4

PUNE, INDIA ’
IndicThreads enters its 10th -
year featuring sessions on the Oi
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latest in software development
techniques and technologies, from
loT to big data, Java, web technol-
ogies, and more.

Devoxx UK

JUNE 8-10

LONDON, ENGLAND
Devoxx UK focuses on Java, web,
mobile, and JVM languages. The
conference includes more than
100 sessions, with tracks devoted
to server-side Java, architecture
and security, cloud and containers,
big data, loT, and more.

JavaDay Lviv
JUNE 12
LVIV, UKRAINE

PHOTOGRAPH BY DAVID HOLT/FLICKR

ORACLE.COMIAVAMAGAHIMTHITTIIITTITTTTHTTTTTTTTTHTT

More than a dozen sessions are
planned on topics such as Java SE,
JVM languages and new program
ming paradigms, web develop -
ment and Java enterprise technol
ogies, big data, and NoSQL.

Java Enterprise Summit
JUNE 15-17

MUNICH, GERMANY

Java Enterprise Summit is a large
enterprise Java training event
held in conjunction with a con-
current Micro Services Summit.

JBCNConf

JUNE 16-18

BARCELONA, SPAIN

The Barcelona Java Users Group
hosts this conference dedicated to
Java and JVM development. Last
year’s highlights included tracks
on microservices and Kubernetes.

JCrete

JULY 31-AUGUST 7

KOLYMBARI, GREECE

This loosely structured “uncon-

ference” will take place at the

Orthodox Academy of Crete. A
MFuhwh7NIgv#frpsrqhqw#Ilgwur
duces youngsters to programming

and Java. Attendees often bring

The Developer’s Conference (TDpir families.

JULY 5-9

SAO PAULO, BRAZIL
Celebrating its 10th year, TDC is
one of Brazil's largest conferences
for students, developers, and IT
professionals. Java-focused content
on topics such as loT, UX design,
mobile development, and func -
tional programming are featured.
(No English page available.)

Java Forum

JULY 6—7

STUTTGART, GERMANY
Organized by the Stuttgart Java
User Group, Java Forum typi-
cally draws more than 1,000 par-
ticipants. A workshop for Java
decision-makers takes place on
July 6. The broader forum will

JavaZone

SEPTEMBER 7-8

OSLO, NORWAY

This event consists of a day of
workshops followed by two days
of presentations and more work-
shops. Last year's event drew
more than 2,500 attendees and
featured 150 talks covering a wide
range of Java-related topics.

JavaOne

SEPTEMBER 18-22

SAN FRANCISCO, CALIFORNIA
The ultimate Java gathering,

JavaOne features hundreds of ses-

sions and hands-on labs. Topics

include the core Java platform,

security, DevOps, IoT, scalable

Wrjhwkhu/#wkh|#ihdwxuh#57&h#kmog#rq#Mxo|#:/#ihdw xu bgjices &and development tools.

shops covering topics such as the
best APIs, new architecture pat-
terns, JavaScript frameworks, and

exhibitors and including lectures,
presentations, demos, and Birds

of a Feather sessions. (N0 English

Java EE. (No English page available.page available.)

MAY/JUNE 2016

Send us a link and a description of I
your event four months in advance N
at javamag_us@oracle.com .
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JAVA TESTING WITH SPOCK

By Konstantinos Kapelonis

Manning Publications

The Spock testing framework
has been around for many years.
It was used originally by devel-
opers who wanted to leverage
Groovy'’s uniquely good support
for scripting unit tests. Over

its lifetime, it has evolved into

a comprehensive framework
that includes a unittest runner
(which drives JUnit), a mock-
ing framework, and a behavior-
driven development (BDD)-style
testing tool. As a result, you

can add Spock to your test-

ing without the need for sepa-
rate mocking/stubbing tools or
behavior-testing add-ons.

But as Groovy has grown in
popularity (driven in good part
by Gradle), this design is seen
increasingly as an advantage.
Correctly written, Spock tests
can work at the unit level (for
test-driven development, for
example), for integration tests,
for doing BDD, and for system-
wide tests. Spock is one of the
few tools that can be used by
both developers and QA teams,
without the excess complexity
such a product would imply.
What Spock has lacked, how-
ever, is good documentation.

principal capabilities and the
advanced options. To overcome
the language barrier for devel-
opers mostly familiar with Java,
Konstantinos Kapelonis provides
a 30-page introduction to Groovy
that presents the basic knowl-
edge needed to write and run
tests, even complex ones.

The author’s style is clear
and rarely lacking. In addition,
the examples he provides dis -
play his deep familiarity with
Spock and the role it plays in
modern development. Although
the book is written for devel -

Hyhg#wrgd|/#Iwv#zhevlwh #dpetsy Kapelonis dips into QA

L#=uvw#vwduwhg#xvlqj# \iemtfin thany ways (despite

years ago because of its excel-
lent support for data-driven

tests (a leadership position it still
retains). Since then, my admi-
ration has only grown. The big
knock on it during the interven-
ing years was the need to learn
Groovy scripting to write tests.

MAY/JUNE 2016

active product development and
fairly active mailing lists). This

perspectives on testing for the
issues raised. He also com-
bines BDD with mocking from

errn#=oov#wkdw#jds1#Lw#sghiahylegdlatdrates an inter-

what you need to get started
(including integration with
IDEs and build tools) and then
pushes onward into exploit-
ing Spock’s features, both its

esting mock-based approach to

design—all of which gives this

book a commendable applicabil -

ity. Recommended.

—Andrew Binstock I
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From Big Data
o Insights

ile batch processing of data has been part of

nterprise computing since its earliest days,
so-called bigdata #eulgjv#wr#lw#wkh#ehqgh=wv#ri#
considerable scale, good performance, and the

ability to investigate data deeply on comparatively inex-
pensive hardware. The core change that makes this w ave
of processing innovation possible is the software t hat can
exploit runtime advances. Not so long ago, the soft WEE
center of the big data universe was Apache Hadoop. Two

years later, other packages such as Apache Spark ex tend
Kdgrrs!v#ruljlgdo#plvvirgl#Rxu#=uvwadedxuh#duwlfoh

explains how Spark works and how comparatively easy it is
wr#xqghuvwdqg#dgg#xvhl#Wkh#vhfrqeggld)foh#rg#Vsdun#
is for nonenterprise developers and hobbyists who w ant to
try out big data on smaller projects.

However, Spark is not the only approach to massive data
sets. Sometimes, you need to do things the old-fash ioned
zd|1#Rxu#duwlfoh#rq#MGEF#iru#ophaelB@)gdwd#yroxph#+
gives handy reminders for not overtaxing the databa se

vhuyhul#Dqg#rxu#=quhgef2b) exilaitmstheéw one
frpsdq|#ghvljghg#dqg#exlow#d#pdvvIyh#kdq@shpru|/#r<O0
gueue. It's open source and written strictly in Jav a, and it
vwruhv#whqv#ri#jljde|whv#rxwvlgh#whi#HW ¥ Pdlgg## Lq#idfw/
share data through this queue.)

There are surely more ways than these to be part of the
big data revolution, but these will get you started and enable
you to do some seriously fun experimenting.

UMHETTTTTTTTT MAY/JUNE 2016
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Apache Spark 101

Getting up to speed on the popular big data engine

In recent years, the amount of data that organizatio ns pro -
cess has grown astronomically—as much as hundreds o f
terabytes a day in some cases, and dozens or even h undreds
of petabytes in total. This “big data” far exceeds w hat can be
stored or processed on a single computer. Handling the vol -
ume, velocity, and variety of data required by mode rn applica -
tions has prompted many organizations to move to di stributed
systems, where clusters of dozens or hundreds of co mputers
work together to solve their data ingestion, proces sing, and
analysis needs.

But distributed programming is challenging: the com plex-
ity involved with keeping data and processes in syn c while
dealing with the reality of limited bandwidth and i ndividual
system failures initially meant programmers were sp ending
more time on the plumbing of distributed systems th an actu-

ally processing or analyzing their data.
One of the most successful approaches to solving th ese

issues has been Apache Hadoop and its principal cor e com-
ponents: the Hadoop MapReduce data processing engin e and
the Hadoop Distributed File System (HDFS) data stora ge plat-
form. Hadoop has been widely adopted and is used to day by
many organizations. But Hadoop MapReduce has limita tions:
it is cumbersome to program; it fully supports only Java (with
limited support for other languages); and it is bot tlenecked by
the requirement that data be read from disk and the n written

to disk after each task.
Apache Spark is designed as the next-generation distributed
computing framework, and it takes Hadoop to the nex t level.

MAY/JUNE 2016

What Is Spark?

Spark is a fast, scalable, general-purpose distribu ted process-

ing engine. It provides an elegant high-level API f or in-
phpru|#surfhvviqj#dqgg#vljql=fdqw#shuirumdqgfh#lpsur)
ments over Hadoop MapReduce.

Spark includes not only the core API but also a ric h set of
libraries, which includes Spark SQL for interacting with struc-
tured or tabular data; Spark Streaming for processi ng stream-
ing data in near real time; MLIib for machine learn ing; and
GraphX for graph processing.

Spark is written in Scala, a scalable JVM language with a
Java-inspired syntax. In addition to Scala, the Spa rk API also
supports Java, Python, and R, making it easy to int egrate with
third-party libraries and accessible to developers with a wide
range of backgrounds.

Spark was originally conceived and developed at Ber keley’s
AMPLab. Now, it is an Apache project and is availab le
directly from Apache or preintegrated with several Apache
Hadoop distributions including those from Cloudera and
other vendors.

Spark Architecture Overview

Although Spark can be run locally on a single compu ter for
testing or learning purposes, it is more often depl oyed on a
distributed computing cluster that includes the fol lowing:

o A distributed data storage platfornis is most often
HDFS, but Spark is increasingly being deployed on o ther
gvauIexwhg#:oh#vwrudjh#v|vwhpv#vxfb##v#Dpdir41
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Storage Service (S3). As Spark emerges as the newd  efault

_e>_<e(_:ution e_ngine? for the Hadoop ecgsystem, support for e

it is increasingly included in new projects such as Apache --master yarn-cluster

Kudu (an Apache incubator project). —class MyClass
2 A cluster resource management platf@itinop YARN MG

(which is part of core Hadoop) is the most common su ch l

platform for enterprise production systems. Spark a Iso

includes a small built-in cluster system called Spa rk

Standalone, which is suitable primarily for small ¢ lusters, \

testing, or proof-of-concept deployment. Spark supp orts

Apache Mesos as well. Because YARN is the most com- T

mon, | have chosen to use it with the examples for this $ spark-shell

article, but the concepts are similar for all three supported --master yarn

cluster platforms.
Spark can be invoked interactively using the Spark shell
(available for Scala or Python), or you can submit an appli-
ce.ltlon to run on the cluster. Both are s.hovyn as opt | ions in Figure ]Spark and YARN Working together
Flgure.ln both cases, when the application starts, it co nnects
with the YARN Resource Manager. The Resource Manage r
provides CPU and memory resources on worker nodes w ithin If you want to work through the examples on your ow n, you
the cluster to run the Spark application, which con sists of a zuvw#qhhg#wr#grzqordg#dqgg#uxq#Vsduurd#Edh#hdv I
single driver and a number of executors. to download the “Pre-built for Hadoop 2.6 and later " package

The driver is the main program, which distributes a nd of the latest release of Spark and simply unpack it into your
manages tasks that run on the executors. The driver and each home directory. Once it is unpacked, you can run th e spark-
executor run in their own JVM running on cluster wo rker shell script from the package’s bin directory. For simpl ic-
grghvi#+\rx#fdg#dovr#frq=jxuh#|rxu##dsaciwdkm i gty thesavinstructions start the shell locally rat her than on
driver runs locally rather than on the cluster, but this is less a Hadoop cluster. Detailed instructions on how to d ownload
common in production environments.) and launch Spark are onthe  Spark website .

You also need to download and unpack the example da ta,

Code Examples from the Java Magazine download area . The code examples
To help demonstrate how the Spark APl works, | walk through assume that you have unpacked the data directory ( weblogs)
two code examples below. While Spark does support J ava, the into your home directory.
vast majority of installations use Scala. The examp les are writ -
ten in Scala and run in the interactive Spark shell . If you dont Example 1: Count Unique Visitors
know Scala, don't worry; the syntax is similar to J ava and my Wkh#h{dpsoh#gdwd#vhw#Iv#d#froohfowjtorrorh# Zhe#vhu

explanations will make the function of the code cle ar. iurp#wkh#fxvwrphu#vxssruw#viwh#ri#ds#ssuiny | gddig# pis
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called Loudacre. This is a typical line from the sa mple data |rx#grzqordg#Vsdun#dv#ghvfulehg#suldxlowwae|o#w k h # ¢

+zudsshg#khuh#wr#=w,= system is simply your computer’s hard drive. If you install
Spark as part of a Hadoop distribution, such as Clo udera’s, the
3.94.78.5 - 69827 [15/Sep/2013:23:58:36 +0100] ghidxow#=oh#v|vwhp#Iv#KGIV1,
"GET /KBDOC-00033.html HTTP/1.0" 200 14417 Resilient distributed data se®®Ds are a key concept in Spark
“http:/hwww.loudacre.com” rogramming. They are the fundamental unit of compu ta-
"Loudacre Mobile Browser iFruit 1" p g. g y P
tion in Spark. RDDs represent a set of data, such a s a set of

Wkh#wdvn#lg#wklvé=uvw#h{dpsoh#lvanteeitskwVEIES'B fhisexample.
site visitors—that is, the number of user IDs in th e data set. RDDs are distributed because the data they represent may be

Xvhu#LGv#duh#lg#wkh#wkiug#=ho g kBB # g d witiDyer aqjgep multiple executors in the cluste r. The tasks
in the example data above. to process that data run locally on the executor JV M where

The Spark contexuery Spark program has a single  Spark that data is Iocatfa.d. _ _
context object, an instance of the ~ SparkContext class. When RDDs are resilient because the lineage of the data is pre-

using the interactive Spark shell, this object is a utomati- served and, therefore, the data can be re-created o nanew
cally created for you and given the name sC. When writing an node at any time. Lineage is the sequence of operat ions that
application, you will create one yourself. was applied to the base data set, resulting in its current state.
The Spark context provides access to Spark function al- This is important because one of the challenges of distrib-
lw|/#vxfk#dvi#gh=qlqj#dqg#ordglqj#g dwﬁwm#vv#d%eéjﬁ?m@ng is dealing with the possibility of n ode failure.
the application. The Spark context is the entry poi nt for all Spark's answer to this challenge is RDD lineage.
Spark functionality. RDDs can contain any type of data, including object s and
nested data, such as arrays and sets. In this examp le, the
scala> val weblogs = weblogs RDD contains strings—each element is a string cor-
| sc.textFile("weblogs/*") uhvsrgglgj#wr#d#viqgjoh#olgh#lg#wkhwkbbgdwdpg#zklf
Is loaded.
(Note that the Spark shell ~ scala> prompt is shown at the RDDs provide many methods to transform and interact
beginning of each line. Line continuation is indica ted with a with the data they represent. Below are two simple examples:
pipe character: | . Do not enter the prompt or pipe character count() , which returns the number of items in the data set ,
in the shell. Also, Microsoft Windows users might n eed to and take(n) /#zklfk#uhwxuqv#dg#duudpstemdsunkh#=uvw#
substitute the full Windows pathname of the example data the data set.
directory, such as C:\Users\diana\weblogs\\*)
Because my code example uses the interactive Spark scala> weblogs.count()
shell, | can use the precreated Spark context SC. The line of Long = 574023

code above creates a new Resilient Distributed Dataset (RDD)

: . scala> weblogs.take(2)
remhfw#lru#wkh#gdwd#lq#wkh#vshflg:hftgﬁﬁk/\lhq/w#rlﬁi—Aor%ay\[?gr#n%%:[3.94_78.5_69827

it to a new immutable variable called weblogs 1#Wkh#=ohv#du ﬁ§/8ep/2013'23'58'36 +0100]
orfdwhg#lqg#|rxu#krph#gluhfwru|#1qg#Wkw#kghbi#dtow #5ah KB8DOC-00033.html HTTP/1.0" 16

HIREITTTTHTTTTTT T MAY/JUNE 2016


http://oracle.com/javamagazine
https://twitter.com/oraclejavamag
https://www.facebook.com/JavaMagazineOracle
mailto:JAVAMAG_US%40ORACLE.COM?subject=

200 14417 "http://lwww.loudacre.com" immutable. Once loaded, the data associated with an RDD

"Loudacre Mobile Browser iFruit 1", does not change; rather, you perform one or more tr ansfor-
mations to create a new RDD with the data you need in the

19.38.140.62 - 21475 form you need.

[15/Sep/2013:23:58:34 +0100] Let's examine one of the most common transformation S

"GET /KBDOC-00277.html HTTP/1.0" o _ _ o

200 15517 "http://www.loudacre.com" map(), continuing with the previous example. map() applies

"Loudacre Mobile Browser Ronin S1"] a function, which is passed to each item in the RDD to pro-

duce a new item:

The character » indicates the result of a command executed _
scala> val userids = weblogs.

in the Spark shell. [The blank line in the output w as added to it S it it ™ (2
I m item => item.spli
highlight the two array elements. — Ed] | ap (ite em.split(* )(2))
Transformations an lonSaddition to th hown in thi : L
a SI 0 s atko S 6; d a(_:tho ?dfd;o ot fose Sho t't S You might be unfamiliar with the double-arrow opera tor (=>)
xam rk provi ri zen ration . .
example, spa , provides arich set o O, ens ot ope a O_S you in the call to the  mapmethod. This is how Scala represents
can perform with an RDD. These operations are categ orized . . .
, ) i lambda functions. Java 8, which also provides lambd a func-
as either actions or transformations. . . : .
, ) tions, uses similar syntax with a single arrow ( ->).
Actions return data from the executors (where data iS pro- : .
, _ In this case, the map() method calls the passed function
cessed) to the driver (such as the Spark shell or th e main . . .
. | b that th count() once for each item in the RDD. It splits the weblog entry (a
rogram). For exam w \ . . o
P 0,9 am). For example, you sa a. ove , atihe String) at each space character, and returns the thi rd string in
action returns the number of data items in the RDD’ s data set. . :
the resulting array. In other words, it returns the user ID for

T his, th i initi . )
0 do this, the driver initiates a each item in the data set.

task on each executor to count S|ng Ie' |tem Ope r'aii@lft]ﬁf the transformation are returned as a new

its portion of the data, and then

D and assigned to the variable  userids . You can take a
| are powerful, bt
it adds those together to produce p ! ok Et the results of the new RDD by calling the a ction meth-

I
V;lkhf#:qdo'#\:V;Wd01'#-Rthu many types Of (j@- ribed above, count() and take() :
pes dracionsielude M0 - “processing and analysis

max() , first() (which returns > ysérids.count()

wkh#=uvw#lwhp#iurp#wkh I'eCIUII'e aggregé X 574023
set), take() (seen earlier), and data aCross mUIt|p e

takeSample which returns a . Note that the total count is the same for the new R DD as
PIe) (ut itenfortunately, me
random sampling of items from it was for the parent (base) RDD,; this is always tru e when
the data set). the Spark API using the mMaptransformation because  mapis a one-to-
A transformation is an RDD prOV|deS a r|Ch geitnction, returning one new item for every item in the

operation that transforms the Of agg reg atl on existing RDD.

data in the base or parent RDDs take(2) #uhwxuqv#dqg#duud|#ri#gwkh#=uvw#wzr#l|lwhpwv
to create a new RDD. This is funCtlonS XVhu#LGv#iurp#wkh#=uvw#wzr#olghu#nbgydwd#Iqg#wk|
important because RDDs are 17
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scala> userids.take(2)
» Array[String] = [69827,21475]

At this point, this example is almost complete; the task was
wr#=qg#wkh# g x peitue itesisitors. So another step

aggregating data across multiple

items. Fortunately, the Spark API Spark IS a powe rfu
provides a rich set of aggrega- hlg h-level API
wirg#ixqfwlrqvl#Wkh#=uv that prOVldeS

accessing these is to convert the

is required: to remove duplicates. To do this, | ca Il another RDD representing your data into prOg fam lﬂ'E’S
transformation,  distinct()  , which returns a new RDD a pair RDD. ab|l|ty to erform
zIwk#gxsoIfdwhv#:owhuhg#rxw#ri#W\k/Ii#wkth#o#gg%qirﬁbbisanRDDconSist - COmp|eX Ig data
only a single action, count() , is needed to complete the ing of key-value pairs. Each ele - .

example task.

scala> userids.distinct().count()
» Long = 12582

And there’s the answer: there are
the data set.

12,582 unique site visitors in

Note the use of chaining in the previous code snipp et.
Chaining a sequence of operations is a very common tech-
nique in Spark. Because transformations are methods on an
RDD that return another RDD, transformations are ch ainable.
Actions, however, do not return an RDD, so no furth er trans-

formations can be appended on a chain that ends wit h an
action, as in this example.

Example 2: Analyze Unique Visitors
I'll move on to a second example task to demonstrat
additional Spark features using
all the IP addresses for each site visitor (that is
user ID) who has visited the site.

e some

Pair RDDg.W kh#suhylrxv#h{dpsoh#+=qglqj#wkh # qxdoednbéctighge how the code executes; it is simply

distinct user IDs) involved two transformations: mapand
distinct . Both of these transformations work on indi-

vidual items in the data set, either transforming o ne item

into another ( map,/#ru#uhwdlglgj#ru#=owhulqj#rxw# ddetlentdd the array that is returned from the spli

(distinct ). Single-item operations such as these are power-
ful, but many types of data processing and analysis require

HIREITTTTHTTTTTT T MAY/JUNE 2016

pair RDDs1#W kh#wdvn#I|v#w nhée the tivo calls to

processing and an:
e (A t i tasks on a distribut
lection similar toaJ_avallst that C|US'[€I‘, WlthOUt na\
frgwdlqv#d#={hg#qxpehu#| tO be Concernec Wl
lg#gwklv#fdvh#h{dfwo|#wzr » . '’
the “plumbing” that
makes distributed
processing di cult.

ment in a pair RDD is a two-item
tuple. (A tuple in Scalais a col -

element in the pair is the key, and
the second is the value. For this
second example, you need to con -
struct an RDD in which the key is

the user ID and the value is the IP
address for each item of data.

scala> val userlPpairs = weblogs.
| map(item => item.split(" ")).
| map(strings => (strings(2), strings(0)))

Several things are going on in the code snippet abo ve. First,
mapin the same line. This is another

, each unique example of chaining, this time the chaining of mult iple
transformations. This technique is very common in S park. It
a syntac-

tic convenience.

W k h # =nmnapc#ll splits up each  weblog line by space, simi-
odu#wr#wkh#=uvw#h{dpsohl#Exw# udwkhu#dwkd q #wlnb |
t, the whole
duud|#Iv#uhwxughg#frqwdlqlqj#d o o#Hwkih#gwhiagwed ¢ #w
lwhpl#WKkhuhiruh/#wkh#uhvrapcal istan RDD=<ans w #
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sisting of string arrays, one array for each item ( weblog line) 190.196.39.14, 67.250.113.209,

in the base RDD. 67.250.113.209, ...))

The input to the second map#fdoo#lv#wkh#uhvxomapi#wkh#=uvw#
call—that is, the RDD consisting of string arrays. The second In the snippet above, the  groupByKey transformation results
mapcall generates a pair (tuple) from each array: a ke y-value in a new pair RDD, in which the pairs key is the s ame as it
pair consisting of the user ID (third element) as th e key and was before, a user ID, but the pair’'s value is a co llection of all

wkh#LS#dgguhvv#+=uvw#hohphqw,#dv#wkh#y d offfvalues (IP addresses) for that key in the data s et.
Use first() #wr#ylhz#wkh#=uvwalsenpPpaigstwkh#

RDD: Conclusion

As you can see, Spark is a powerful, high-level API that
scala> userlPpairs.first() provides programmers the ability to perform complex big
» (String, String) = (69827,3.94.78.5) data processing and analysis tasks on a distributed clus-

ter, without having to be concerned with the “plumb ing”
Qrwh#wkdw#wkh#=uvw#lwhp#lv/#|qlgjfwH#ddxs & Wl gQVAY Y nhv#glvwulexwhg#surfhvviqgj#igbhikow 1 #WkIv3
ID and an IP address. The userlPpairs  RDD consists of the has barely scratched the surface of Spark’s capabil ities and
same number of items as the base RDD, each paired w ith a those of its add-on libraries, such as Spark Stream ing and
single IP address. Each pair corresponds to a singl e line in the Spark SQL. For more information, start at the Apach e Spark
weblog #=0h 1_ website. To explore Spark and the Hadoop stack inde pen-
Data aggregatioNow that the RDD is in key-value form, dently, download the Cloudera QuickStart Virtual Ma chine or
you can use several aggregation transformations, in cluding Docker image . </article>
countByKey (which counts the number of values for each
key), reduceByKey (which applies a function you pass to sum Diana Carrall a senior curriculum developer at Cloudera. She h
or aggregate all the values for akey), ~ join (which groups been working with and teaching about Spark since version 0.9 |
ydoxhv#dvvrfldwhg#zlwk#nh|v#iurp#wzr#d g hdate 20k3y Carroll wrote and taught one of the rst commercially
mapValues (which applies a function to transform the value available courses on Java in 1997, and has also produced more
of each key). To complete the task for the second e xample, use 20 courses for software developers, system administrators, dat
the groupByKey transformation, which groups all the values analysts, and business users on subjects ranging from ecomm
for each key in the RDD into a single collection: to business process management.

scala> val userlPs=userlPpairs.groupByKey()

scala> userlPs.first()

» (String, Iterable[String]) =
(52427,CompactBuffer(241.216.103.191,
241.216.103.191, 70.50.111.153,
70.50.111.153, 174.222.251.149, Wikipedia entry for Apache Spark

174.222.251.149, 20.23.59.237, Another introductory article on Spark
20.23.59.237, 190.196.39.14,
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Using Spark and Big Data
for Home Projects

Create a small personal project using big data pipelines.

Ineveryapplication,thereisaneedtomovedataa round, and idflolwdwhv#h{shulphgwlqgj#zlwk#elj#gowd¥gDbgKrxjk?
the larger the application, the more data is involv ed in this for me, in many use cases, a common requirement is doing
process. A mandatory step before using any kind of d ata is analysis in real time with a massive amount of inpu t.
to prepare it. You need to clean the data by removi ng useless In this project, | show how to ingest this unstruct ured,
sduwv#dqg#wkhqg#vkdsh#ru#vwuxfwxyh#uw & wr# w kdinyAbomthaseparated values (CSV) data into NoSQL using
cesses. This could include adding a default value f or missing Frxfkedvh#dqg#surfhvv#lw#lqg#uhdo#wuphBtxdflgh#U {Md
data, trimming the whitespace from strings, removin g dupli - Spark, so it can later be used in my application.
cates, or anything else. There are many things that can be
done, all tied to what you want to do with the data . The Elements of the Big Data Pipeline

Often, the format of the data you're working with i S sub- Dv#d#Mdyd#ghyhorshu/#|rx!oo#riwh qiphdglgwr#ordg#
mhfw#wr#fkdgjhl#Ehlqj#deoh#wr#uhpidwdbdMothedg#gaidedvhl#FVY#gdwd#Iv#udz#ddoawdwlr#dqg#h{w
layer is critical in these scenarios because, as a developer, you fdoo|#pxvw#=uvw#eh#surfhvvhg#wr#pdwdk#|rxu#gdwd
should not spend your development time maintaining data- The baby name data that | am using is raw CSV data. There
base schemas. A NoSQL database is particularly helpf ul due duh#vhyhudo#gdwd#=ohv#lq#wklv#guwdyo/|#w/#exw#p
wr#lwv#delolw|#wr#uhpdlqg#>h{leoh f#xwbdrqg#fj*|mwegavd How many times each name was used every year . This
code and work with data instead of worrying about h ow the information can be found in NationalNames.csv, whic his
gdwd#h{lvwv#lg#wkh#gdwdedvhl vwuxfwxuhg#dv#iroorzv=

Lg#wklv#duwlfoh/#L#suhvhqw#d#shuvrgsokh{dpsddhl#Dv#d
h{shfwlgj#wkhlu#=uvw#fklog/#p|#zlih#d#d#tf = ghNadiu r
wilrg#wkdw#hyhu|#h{shfwlgj#sduhgw#hjgwxgallin¥=¥apahhglq

a name for our baby. Being the software developer t hat | am, e Gender

it made sense to write an application that could su pply ideas e Count

for a name that my wife and | might both like. Ehiruh#wklv#gdwd#fdqg#eh#txhulhg#dyggwHdqudao#le o HHLw
A data set on the Kaggle data science website contai ns a processed into a more manageable format. There are several

list of baby names that have been chosen in the US for almost zd|v#wr#wudqgvirup#lwl#lru#wkliv#h{dw&ketfIMdyd#lq|#

a century. This data set—one of many on the interne t—qgreatly and Apache Spark. 20
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What is RxJavafhis is vwréh#frpsoh{#gdwd#xvlqj#MVRQ/#wkh##fvrqbph#gdwd#i|

[rxu#=uvw#wlph#khdulc Spark O ers In_mem |r;#yvhg#lq#sxeoIfOideqj#DSLvl#Irir#@tm{rdpqud#w/#wkf
Uhdfwiyh#Mdyd/#rwkhu dlata StOrage and zrxog#en#frqvighuhg#d#MVRQ#grixphqw=

known as U {Mdyjtis processmigich makes

gh=qhg#wklv#zd|#Ig#w

.t sigm'ntly faster  -st_name" "ic',
fldo#grfxphgwdwlrg=# . o .
“RxJava is a Java VM imple- th an COmpet|ng b|g§gﬂt&{ Raboy",

mentation of ReactiveX teCh nO|Og IES : "city": "San Francisco",

(Reactive Extensions): a library "state": "California”,

for composing asynchronous "country": "USA"

and event-based programs by }

using observable sequences.” }
Zkdw#grhv#wklv#phdgB#U{Mdyd#Ilv#uhdiwlyh#surjudpplqj

which in this case means programming with asynchron ous Notice that nested objects and arrays are fair game ina

data streams. These data streams can be anything fr om vikhpdohvv#gdwdedvh#vxfk#dv#wklvi#dwtehgh=w#r

application variables to data structures. It doesn’ t matter. You vikhpdohvv#gdwdedvh#lgvwhdg#ri#d#bkodiwingdo#gdv

can listen for these streams and react appropriatel y when ibility in how the data is stored. You dont need t o declare any

they come in. constraints beforehand, and if the data is irregula r you can
Lag#wkh#h{dpsoh#ri#surfhvviqj#d#FVYi#wd&h#hdB@ad P lw#=hogv#dv#qghhghgl#Udz#grldwdg#fdg#eh#c

FVY#=oh#frxog#eh#d#gdwd#vwuhdpl#8gk#yfmdp EYNefHEs e gasier to store it without forcing | tinto a rela-

reacts and transforms it as necessary. tional schema.

What is Apache Spawgiche Spark is a data-processing NoSQL document databases are not the only type of N oSQL

engine designed to handle massive amounts of data. While database platforms, and NoSQL is not the only type of data-

U{Mdyd#zrunv#zhoo/#Iw#zdvq!'w#phdqwé&e|vhd# JEPEARENDs h
ri#lgirupdwlrg#lg#dg#hgqwhusulvh#dssehfuwirga # Vv 5dieNoSQL database market segment, there are sev  eral
phpru|#gdwd#vwrudjh#dqg#surfhvviqj/#zkjlfk#pdnhh\Ewri#rswirgv=#grfxphqw/#nh|0ydoetli#wd8Eqdé#gc

cantly faster than competing big data technologies. Il use specialized products such as graph databases—all of which
it for that purpose. [An accompanying article in th is issue, vwruh#gdwd#gl<huhqwo|l1#Xqgolnh#uhb@mWTddo#gdwde
“Apache Spark 101" (page 14), presents a deep dive i nto using databases store data in an unstructured way, as dem onstrated
Apache Spark. —Ed] lg#gwkh#MVRQ#h{dpsoh1l
Before querying and analyzing the loaded and transf ormed Couchbase is distinguished by its memory-centric ar chitec-
data, the goal is to get the unstructured data into a NoSQL ture. It is composed of a RAM layer and a persisted disk layer.
gdwdedvhl#lru#twklv#h{dpsoh/#L!o o# ok h# Q BAR & wytigrkto and read from the memory layer a nd asyn-
database, Couchbase. chronously written to disk. This makes Couchbase ve ry quick
What is Couchbaseduchbase is an open source NoSQL and a good resource to use with big data.
document database. Document databases such as Couch base Couchbase Apache Spark Conngptohe Spark also does
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new CSVReader(new FileReader("PATH_TO_CSV_FILE") ;

most of its data processing in A h S k
memory, using hard disk only pac e par was
when necessary. Couchbase uses a de S|g rmd)m S SBecause the data will eventually be written to the database,

Spark connector to move data into m aSS|Ve am OlJ Wonnect to my server and open the bucket, wh ichis a

and out of the database directly. f d t collection of NoSQL documents.

This uses a feature of Spark called O a a

Bucket bucket =
CouchbaseCluster.create("http://localhost:8091").

openBucket("default”, ");

resilient distributed data sets, most
often referred to as RDDs.

Loading and Transforming the CSV Data into COUChb%?code assumes that Couchbase is running locally

and the

As mentioned a few times earlier, the CSV data for the baby data will be saved in the default bucket without a password.
gdphv#=uvw#qhhgv#wr#eh#ordghg#lqwr#digadandve Ay hF e NIFMy y #wkh#FVY#gdwd#vhw/#L#mptvw#fuhdwh#d
to process it. There are many ways to do this, but when work- Observable =
ing with potentially massive amounts of data, it wo uld make
wkh#prvw#vhqgvh#wr#ordg#wklv#gdwddndw ki #w DbseikBll { M
Apache Spark. from(reader)

Frplqj#iurp#d#Mdyd#edfnjurxqg/#|rx#p|jkfw#qrw#f‘éékpﬁidp
iar with big data tools such as Apache Spark, and t hat's not a csvRow -> {
problem. This CSV data set, with roughly 2 million records, JsonObject object = JsonObject.create();

. . object
fdg#eh#ordghg#vxffhvvixoo|#xviqj#Mdyd1 put("Name", csvRow[1])

The requirements for loading with RxJas@.are a few put("Year", csvRow[2])

ghshqghquhv#wkdw#vaw#eh#quoxghg#\lvc#évhlkhm\#dyd_iﬁgw-@‘gnderu’ csvRow([3)])
dwwhpswlqgj#wr#ordg#wkh#FVY#gdwd#lgwr#Frxfkedvhsput("Count", csvRow[4]);

2 A CSV reader such as OpenCSV return JsonDocument.create(
e U{Mdyd csvRow[0], object);

e Wkh#Frxfkedvh#Mdyd#VGN }

You can obtain all of these dependencies through Ma ven by )

.subscribe(document -> bucket.upsert(document),

lgfoxglgj#wkhp#lg#wkh#surmhfw#srpl{po#=0hl error -> System.out. printin(error));

Developing an RxJava CSV laddedate a class—it doesn't

pdwwhu#zkdw#L#fdoo#lw Wde#uhsuhwqqu##W”(hL%{‘é{d\qlgéf%ﬁaﬁ% happening in the Observable . The CSV

fhvvlqj#wkh#FVY#=ohl#Lloo#dovr&huitsdtt#1o qy il U fWes an Iterable<String[]> . The Observable

Spark way later. will use the Iterable<String[]> as the source of data for
Wr#ordg/#exw#qrw#uhdg/#wkh#FVYh#z#oh/#L!oo#ﬁeu rfl%\“ﬁ?)#drﬁé{hod

CSVReadewremhfw/#dv#iroorzv= The data that is read will be an array of strings, not some-

CSVReader reader = thing that can be stored directly in the database. Using the
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.map() function, the array of strings can be transformed ? Couchbase Apache Spark Connector

into whatever | decide. In this case, the goal is t 0 map each You can obtain all of these dependencies through Ma ven by
olgh#ri#wkh#FVY#=oh#wr#d#gdwdedviwkdvixphqgwh#oxgllppwkhp#lg#|rxu#srpl{po#=0hl
pdsslqgj#surfhvv/#L#frxog#gr#vrph#gdvnddpohdqxdevelaping an Apache Spark CSV loagkerApache Spark in

ple, while | don't do it here, | could use somethin g such as wkh#Mdyd#surmhfw/#L#pxvw#=uvw#Olg=jxuh#lw#lq#w
csvRow[*].trim() to strip out any leading and trailing

whitespace in each CSV column. SparkConf conf = new SparkConf()

.setAppName("Simple Application")

Finally, | must save to the database each read line that's pro -
. _ _ .setMaster("local[*]")
cessed. The .subscribe()  method from the previous snip - " R
_ .set("com.couchbase.bucket.default”, ");

shw#ri#frgh#vxevfulehv#wr#qrwl=fOndeyable kdW#Wj&K‘/ﬁSparkContextjavaSparkContext _
emits—in this case, the manipulated data record. new JavaSparkContext(conf);

Diwhu#h{hfxwlgj#wkh#U{Mdyd#fodvv#vdi#ordglqj#FVY#gd
there should be almost 2 million documents created con- The application name will be Simple Application , and the

wdlglqgj#ede|#qdphv/#frqwdlqlqj#wkh#=crogk## s hflaseephrk cluster will be the local machine, bec ause Spark
Observable 1#Dqg#h{dpsoh#ri#trqh#ri#wkh#grfxphqwy #ipd ket uxqqlgj#orfdoo|#lq#wklv#h{dpsoe %M kniF rx

eh#wklv= | will use is once again the default bucket.
To proceed, | need to create a Spark  DataFrame . DataFrames
{ _ are distributed collections of data that are organi zed similarly
"Name": "Nicolas", . ,
"ear™ "1988" to a relational database table and are particularly useful
"Gendér"' "\ ’ when it comes to CSV data because CSV data closely resembles
"Count": 400 a table.
} To create a Spark DataFrame, | need to createa  SQL

Context . I can do this by using the ~ JavaSparkContext .
Transforming raw data into JSON using Apache#$pavidy d # The JavaSparkContext represents a connection to the

works great, but what if youre working with hundre ds of mil- Spark cluster, which in this case is being run loca lly. With
lions of CSV records? Apache Spark was designed to process the JavaSparkContext , a SQLContext can be created
massive amounts of data. that allows for the creation of DataFrames and the usage of

Xvigj#wkh#vdph#vdpsoh#gdwd#dv#Ilg#wikhi#) {M¥gdérnWjiphgw
give Apache Spark a try.
The requirements for loading with Apache Spaskinclude SQLContext sqlContext =
d#ihz#ghshqghqflhv#iq#wkh#Mdy d#shps fw# g b rogh@l 29 hgntextfavasparkContext);
wkh#FVY#gdwd#lgwr#Frxfkedvh=
e Spark Core

e Spark CSV DataFrame dataFrame = sqglContext.read()
@ Spark SQL format("com.databricks.spark.csv")

Using the SQLContext/#wkh#FVY#gdwd#fdg#eh#uhdg#olnh
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.option("inferSchema", "true") wklqgj#olnh#wkh#iroorzlqj=

.option("header"”, "true")

Jdoad("PATH_TO_CSV_FILE"); /path/to/apache/spark/bin/spark-submit \
--class "com.app.Main" \
The read process will use the Spark CSV package and  preserve target/project-jar-with-dependencies.jar
wkh#khdghu#lgirupdwlrg#wkdw#h {|vwnFIWESNKAO W s # 1i # w K
When read into a DataFrame, the CSV data is now something Querying the Data for a Perfect Baby Name
Couchbase can understand. There is no need to map t he data, Until now, the raw CSV data containing the baby nam es has
dv#zdv#grgh#zlwk#U{Mdyd1 ehhg#wudqviruphg#dqgg#vdyhg#dv#MVRQ#hdwd#1q#wl
| must make an adjustment to the ID data. Spark wil | rec- The goal of this project hasn't been met yet. The g oal was to
ognize it as an integer or numeric value because th is data set come up with some nice baby name options. The proje ctisin
has only numeric values in the column. Couchbase, h owever, a good position at the moment, because the data is now in a
h{shfwv#d#vwulqj#LG/#vr#wklv#elwtwikhvdisdizfr fermaithatican be easily queried.
DSL#vroyhv#wkh#sureohps= Choosing a great name with RxJairethe naming data
loaded into Couchbase, it can now be queried. In th IS
dataFrame = dataFrame.withColumn( lgvwdqgfh/#L!p#jriqgj#wr#xvh#U{Mdy d ##w#tahw| #amrkih # g

"Id", df.col("1d").cast("string")); come up with a good baby name.

_ _ Ohw!v#vd|/#iru#h{dpsoh/#wkdw#L#zdghwaWapgdph#p|
| can now prepare the  DataFrame#iru#vdylqj#wr#wkh#g d‘&%%ﬂt}‘.@ most popular names. | could create the f ollowing

DataFrameWriterFunctions U{Mdyd#ixqfwlrg=

dataFrameWriterFunctions =
new DataFrameWriterFunctions(
dataFrame.write());
Map<String, String> options =
new Map.Mapl1<String, String>("idField", "Id");

public void getPopularNames(
String gender, int threshold) {
String queryStr =
"SELECT Name, Gender, SUM(Count) AS Total " +
"FROM 'default WHERE Gender = $1 GROUP BY * +

. L _ "Name, Gender HAVING SUM(Count) >= $2";
With the DataFrame data piped into the appropriate Data JsonArray parameters = JsonArray.create()

FrameWriterFunctions  object, | can map the ID value to a .add(gender)
grixphgw#LGl#Dw#wklv#sriqgw/#L#fdg#vdyh#wkh#gdad{treshold);
ParameterizedN1qglQuery query =

dataFrameWriterFunctions. ParameterizedN1qlQuery.parameterized(
couchbase(options); queryStr, parameters);
this.bucket
By calling the Couchbase function of DataFrameWriter .query(query)
Functions , massive amounts of Couchbase documents will forEach(System.out::printin);
now be saved to the bucket. }

L#fdg#h{hfxwh#wkh#surmhfw#diwhugfj¢#spghndjh#lw#e|#grl 24
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In the previous function, two s.couchbaseSparkContext

sdudphwhuv#fdg#eh#sdvvh By USIng ApaChg.couchbaseQuery(query)
gender | am looking for and a Spark and COUCh‘bﬁ‘S@J’eWRGSU“ ->

- . System.out.printin(queryResult));
threshold to determine popular you can prOCe$S

Iw|1#Ohw!v#vd|/#iru#h{dpsc

zlih#dgg#L#=qg#rxw#zhluhj massive amoun"[ts t the setup and parameterization is the s ame. The
boy (I don't know yet), and we want Of Faw da.ta q u 'gtlg IO ; .

hgfh#frphv#lg#zkhuh#wkh#txhu|#twhdfwixdoo|#h:

to choose from a list of names that eVven ON SYSIeMS whdg#ritwkh#exiowdlq#U{Mdyd#ikdwwhMeéyidikh
have been used more than 50,000

times. | could pass  Mand 50000 dGSlgned or pg}l‘(g@p]tal,&.pache Spark Connector, which makes it pos-

- sible to use Spark to run our application.
into the function and the param - Scale prOJeCtS . P PP
hwhul}hg#txhu|#zrxog#eh#t o=

Hdfk# #wkdw#vdwlv=hv# # ) Conclusion
ld“brz _Wt dtwthv WIVERVHEWERR Ohw#ph#eh#fohdul#L#kdyhqlw#dfwxdodp] b ngd#q.
querylwcl)u © printed fo the born child, but if | wanted to make a decision in a statistical
console fogs. zd|#wkurxjk#wkh#xvh#ri#U{Mdyd#dqg#Redikh#Vsdun/
Ehfdxvh#wkh#Frxfkedvh#Mdyd#VGN#vxsds#lVW@#)U{BldL}/d#g. 8# . ,
ke | led N1OL. th i H y using |8 ata tools such as Apache Spark combin ed with
llke language called NIQL, there are many more opti  ons when d#QrvTO#gdwdedvh#vxfk#dv#Frxfkedvh/#pkuflo#r<huv#
it comes to querying the name data. . . .
Choosing a great name with Apache K the data set centric architecture, you can process massive amoun ts of raw
| ' data quickly even on systems designed for personal- scale

z_h u h#lq#wkh_#.kxqg uhgv#ri#pl ooIrqv#n#tg#tk{nwmyvdﬁ#%jgcSl.<lc<)/artiC|9>
might perform well, it is probably best to use some thing such
as Spark because it was designed for massive amount s of data.

_ Nic Rabof@nraboy) is a developer advocate for Couchbase in |

To use Spark to get a list of popular baby namesba ~ sedona San Francisco Bay Area. He has released several native and h
jhgghu#dag#d#wkuhvkrog/#L#plikw#grkiwephwklqifighiid Applications to iTunes and Google Play and writes abou
development experiences with a focus on making web and mol

public void getPopularNames( app development easier to understand.

String gender, int threshold) {

String queryStr = "SELECT Name, Gender, " +
"SUM(Count) AS Total FROM 'default' " +
"WHERE Gender = $1 GROUP BY Name, " +
"Gender HAVING SUM(Count) >= $2";

JsonArray parameters = JsonArray.create()

.add(gender)
.add(threshold);

ParameterizedN1glQuery query = Code download fromJénea Magazirdownload area

ParameterizedN1glQuery.parameterized( OpenCSV. a Java parser for CSV les
qgueryStr, parameters); ’
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Building a Massive Off-Heap
Data Queue

How one company built a data queue that scales to more than 100 GB
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- Big Data Best Practices
for IDBC and JPA

Focus on the fundamentals so you're not overwhelmed by large amounts of dat

Wenitcomestohandlingbigdatainapplications, there frgwdlq#d#ydulhw|#ri#exlowOlg#ixqfwuhovHdgg#surfhg
are several pitfalls to avoid. An application that runs performing processing of data directly within the d atabase,

shuihfwo|#=qh#rq#d#vpdoo#ru#phglxpOy#jdiagtlwdeldivinkdd#pdq|#QrVTO#gdwdedvhv#grqg!w#rghwhwiv uhg?
rqfh#wkh#gdwdedvh#kdv#lqgfuhdvhg#llg#w#hduw#d d | aknehgydru /#pd g | #QrVTO#gdwdedvhv#r<hu#MOph#w |sh#rij

applications working with large amounts of data can encom O tion or stored code capability, although they’re no t often as
pass a broad spectrum of areas, including memory, p oor data O fdsdeoh#dv#wkrvh#r<huhg#e|#d#vwdqgdigpigdlwdedvh:
base transaction performance, and bad architecture. Whether base solutions also contain a language that enables you to
|[rxu#ghyhorsphgw#whdp#fkrrvhv#wr#xvh#WM0G E F # devetbg proeedures that can be executed directly wi thin the
relational mapping framework, the architecture of y our appli 0 gdwdedvhl#lru#h{dpsoh/#Rudfoh#Gdw#drezduwhs@ifrqwdlqV:
fdwlrq#fdg#phdg#wkh#gl<huhqfh#ehw zhdlpkwhfI i \ceduwa guage known as PL/SQL, which safely exte nds the

In this article, | cover some best practices to be used for SQL language. When working with big data, you can a chieve
working with data via JDBC or the Java Persistence API (JPA), huge performance gains by allowing the database, ra ther than
so that your application does not fail under the pr essure of big the application, to perform analytical processing—u nless, of
data. | don't delve into any proprietary APIs or fr ameworks course, there is an analytical processing requireme nt that can
for working with big data or target any particular database only be performed outside of the database.
options available via standard RDBMS or NoSQL. Rath er, | The JDBC API and JPA both contain solutions for call ing
surylgh#edvif#vwudwhjlhv#iru#frq=jxulg##dlgagyl urggoh qdatabase’s stored procedures. It's also easy to pass or
tuning code, as well as best practices for working with large retrieve values with stored procedures, and the bes t part is
amounts of data via a Java application. that a single connection can be made to call upon t he proce 0

dure, which can in turn process thousands of record s. Listing 1

First Things First: Stored Procedures demonstrates how to call a database stored procedur e using
Ask yourself this question: Why am | pulling this | arge either JDBC or JPA.
amount of data into my application? If the answer i s that you o
are trying to perform some calculations, analysis, or other Listing 1.

. : // ' Using JDBC to call upon a database stored
processing on a very large result set, you might wa nttorecon 0O 1 procedure

vlghu#|rxu#whfkqItxhl#Prvw#gdwdedvh‘:\E#PN/\s,r#fl:f/doo|#U 30
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CallableStatement cs = null;

try {

cs = conn.prepareCall("{call DUMMY_PROC(?,?)}")
cs.setString(1, "This is a test");
cs.registerOutParameter(2, Types.VARCHAR);
cs.executeQuery();

// Do something with result
String returnStr = cs.getString(2);

} catch (SQLException ex){
ex.printStackTrace();

}

/I Utilize JPA to call a database stored procedure
/I Add @NamedStoredProcedureQuery to entity class
@NamedStoredProcedureQuery(

name="createEmp", procedureName="CREATE_EMP",

parameters = {

@ StoredProcedureParameter(
mode= ParameterMode.IN,
type=String.class,
name="first"),

@StoredProcedureParamter(
mode = ParameterMode.IN,
type=String.class,
name="last")

)

I/l Calling upon stored procedure
StoredProcedureQuery qry =

em.createStoredProcedureQuery("createEmp");
gry.setParameter("first", "JOSH");
gry.setParameter("last","JUNEAU");
gry.execute();

Many database solutions also support stored procedu res writ O
ten in Java. What better way to make the most of yo ur Java
programming skills than to put them to work inside the data O
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edvhB#Wkhuh#duh#wudghOr<v/#wkrxjk/zleikftlk&# h# zrun

Java stored procedure still requires connection cod e to access
data, albeit inside the database rather than in an application.
Therefore, coding stored procedures in Java might p rove to
be more cumbersome than doing so with a language th atis

written for the database.
Vxuh/#lg#wkh#hqg#dqg|#gdwdedvhOgulgbg#gdbgaifdwl

to work directly with data in some manner. But be m indful of
wkh#gl<huhqfh#ehwzhhqg#wkh#zrun#w k dgu# oot leh# s h
database and that which truly needs to be performed within a

Java application.

Getting the Con guration Correct
W|slfdoo|/#lg#wkhlu#ghidxow#frq=]xngdwlhgyhdysolfdw
duh#frg=jxuhg#iru#xvh#zlwk#dssolfdwhnogdjsh¥i PR 1 |j#
Dqg|#frg=jxudwlrg#wkdw#pljkw#d<hfw#shg#Hep#qfh#vk
uhylhzhg#dgg#frg=jxuhg#dssursuldwhohpeswi#wh#|rx#d
use it on an application with large amounts of data

Application-speci ¢ con gurationBy default the JDBC driver
zloo#uhwulhyh#d#={hg#qxpehu#ri#urzV#tzlowk#hdfk#ih
h{dpsoh/#wkh#ghidxow#qxpehu#ri#urzvdibtw#khg#iurp

Database is 10. That means if you are trying to ret urn 1,000
rows, your application will need to perform 100 fet ch opera 0
tions to retrieve all rows. Now imagine if you had tomul 0
tiply that by 1,000—that could produce quite a bott leneck.

The JDBC setFetchSize() can
be used tqQ provide a hint as to

If yOU need tQhWLQF of rows that should
Wlth a m O!fe fetched. Listing Zdemon 0

data mul'“ple ﬁrﬁéﬁ to specify the hint. If

#vshfl=hg/#wkhq#wkh#MGI

COnneCtIOnS C:azmwill ignore the value. As
be eaS"y mana t in the code, once thef
by CaChlng dif ment has been created, sim 0

Evhw#wkh#ghviuhg#ihwfk#vli}h
ResultSet #ihwfk#vl}h#qu#dovr#:?]p
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vshfl=hgl#WkIv#ydoxh#r\Statehgeny #itkkik#vIi}hl =wl#Nhhs#lq#plgg#wkdw?

d#odujhu#ihwik#vi}h#zloc MemOry can also

Str:;llstfllrrlg :2'.'select the r?lmo_unt o memory tha_t an ecome a Cd:ncern
CreateConnection Icl)la.td’Properties()' application requires. Be mind OU are CaCh IN
: e ' . ' |xo#zkhq#vhwwlqj#wkh#|h
Itf;lzéilﬁitectigivi?&azusw’ dqg#dovr#eh#vxuh#wr#frc e amount 0 da1
CreateConnection.getConnection(); the amount of memory for your e sure to have
Statement stmt = conn.createStatement(); application server accordingly. enVI ron ment u p tO l
ResultSet rs = stmt.executeQuery(qry);) { Also be mindful of the other
stmt.setFetchSize(300); MGEF#gulyhu#frg=jxudwlrgve vkdw#

might come into play when

while (rs.next()) working with large amounts of data.

) o Connection managemaetinnections can be very expensive,
} catch (SQLException e) { S0 a good practice when working with databases is t o limit the
I/ Log the exception number of connections that are required. This means that an
} application should make the most of each connection rather
than being wasteful and performing only small amoun ts of
Wkh#vdph#frg=jxudwlrg#fdq#eh#vshfl=Hh¢#xdwlloh WagrksiithSeRch connection. If you need to work with aspeO
wkdg#h{solflwo|#vhwwlqgj#wkh#ihwfk#ddpstirykom BIx:f#Mxw#riztgdwd#pxowlsoh#wlphv/#f#dqahiw|#qv#fdq#
a hint to “guide” the JDBC driver to fetch the desir ed number managed by caching data, where possible. If many in serts,
of rows to improve performance. The code in Listing 3em 0 updates, or deletes will be occurring, then you mig ht need to
rqvwudwhv#krz#wr#vshfli|#wkh#ihwfk¥w|# h khou# pgfbsDrnsactions or bulk updates rather than op ening a
xvigj#wkh#HfolsvhOlgn#gulyhul#W kt#hHw pls#Wnl4 vtk dnd disposing of it each time an update IS made.
vshfl=hg#dv#d#Vwulgj#ydoxhl Connection pools that are managed by an application server
o play an important role in management of data, in ge neral.
Listing 3.

W|slfdoo|/#wkhuh#duh#ghidxow#frqodwxw#iq#ws#ro#vIl}h
sodfh#e|#dqg#dssolfdwlrq#vhuyhul#Raeflrgd&degmwkh#frqg
xwlol}hg/#wkh#dssolfdwlrg#vhuyhu#gdgahfuhlrghvaw# pri

public List<Dukelssues> findAllConfigureFetchSize(
String fetchSize){
Query gry = em.createQuery(

"select object(o) from Dukelssues 0"); Olnhzlvh/#li#d#frgqghfwlrq#lv#qrw#éh#gpidilu bodé d g #w

qgry.setHint( lgwr#wkh#srrol#VI}lqgj#d#frgghfwlrq#ef#orudioskinguldw

"eclipselink.JDBC_FETCH_SIZE", fetchSize); gxpehu#ri#tfrgghfwlrqv#wkdw#dq#dssd Mo brigfid Wol 0 # x v
return gry.getResultList(); cal to good performance.

} Wkhuh#duh#vhyhudo#zd|v#wr#frg=jxuhe&d#bDrag# hfwlk

_ dssolfdwlrg#vhuyhu#frgghfwlrg#srro#fdgpxwxg®o|#eh:
LW#|V#|pshudWth#Wr#WhVW#d#eIJ#lgidgvmk#]dmg‘m“#d‘yllagt%ﬁl#vdgplqvaudwlyh#frquoh/#[PO/#qh#dWiorﬁ)pdng

ydoxhv#wr#ghwhuplgh#wkh#ydoxh#wk dwresortydg yAWKNERIY v wdqfh/#1q#wkh#fdvh#riddedyVill#k/#]|rx
g g #¥pdy %
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frgghfwlrg#srro#frg=jxudwlrqv#xviqj#wKly# dgplqlAwtherthing to keep in mind is the isolation leve |, which

console or the asadmin command line utility. Listing 4dem 0 is how a database helps maintain data integrity. Th e lower
onstrates how to create a JDBC Connection Pool and JDBC the isolation level, the less uniform the system wi [l become.
Connection Pool Resource via the utility. Gl<huhgw#lvrodwlrg#ohyhov#kdyh#wlkhdgg#zqph#h#fd
o also provide better performance than others. Study the
LIStan 4. _ _ impact of each isolation level on the application t o determine
asadmin create-jdbc-connection-pool \ the one that is best suited.  Table #olvwv#wkh#gl<huhqw#Ilvrod\
--datas.ourceclassname \ levels, from least consistent to most consistent, a long with
oracle.jdbc.pool.OracleDataSource \ ’ ’
--restype javax.sql.DataSource \ their performance impact.
--property user=dbuser:password=dbpassword:url= A full overview of each isolation level is out of th e scope of
"jdbc:oracle\:thin\:@localhost\:1521\:MYDB" \ this article, but | mention this because it could b e a factor in
jdbc_conn-pool performance and data integrity.
asadmin create-jdbc-connection-pool \ Best Practices for Data Access Code

--connectionpoolid myjdbc_oracle-pool jdbc/resource Rqfh#wkh#frq=jxudwlrq#iru#dq#dssolfdpliqwéqg#hqy!

_ _ Is correct, the query and statement code is the nex t place
[The —property user= line and the one after it should be . :
_ _ to look for signs of potential trouble. There are s everal best
entered as a single item. —  Ed] . . "
_ _ : practices to follow when coding an application, and any code
To obtain connections from a pool, the javax.sql

. hfl=fd #ghdolqj#ziwk#gdwd#fdqg#ktwh kKl e u # |
.ConnectionPoolDataSource #Iqwhuidfh#fdq#eh#xwlolvﬁfgl#Wkot}ol gnuoiglwziwksgdw q \y # Fp N

) . errormance o
ConnectionPoolDataSource returnsa PooledConnection

. of data.
hfw/#zkIfk#fdg#wkhqg#eh#xwloIphrettionrewd | q# 4
remniwrz ffdg#wkhag#eh#xwlolp N R ah#rigwkh#=uvw#wkIqjv#wr#nhhs#| qdptdg# | v#idik]
Typically a ConnectionPoolDataSource is implemented by

_ _ _ _ Li#dg#dssolfdwlrg#zloo#eh#xwlol}lgji#dHhddwgh#qgxpeh
a Java Naming and Directory Interface connection ob ject, and .
: ) _ _ _ iru#uhdgOrqo|#sxusrvhv/#wkhqg#lw#pdmiwivigvh#wr #f
a PooledConnection object can be retrieved by invoking the

. _ . data so that it can be quickly accessed from memory rather
getConnection()  method, as shown in  Listing SIf you're _ _ _
_ : _ S wkdg#ihwfkhg#iurp#wkh#gdwdedvhl#Rid§wdonhr/#phpri
using JPA, the EntityManager will handle obtaining connec 0

wlrgv/#dowkrxjk#wkhuh#pljkw#ghhg#wr#evh fa# p h itk

# e .
an application if it deals with larg e amounts

made within the Persistence Unit. ISOLATION LEVEL PERFORMANCE IMPACT
Listing & TRANSACTION_NONE MAXIMUM SPEED
|St|ng L s s
ConnectionPoolDataSource cpds = JIRANSAENIOINL RS-0 _AINICOMIBINTIRD WAl = Sy
(ConnectionPoolDataSource) TRANSACTION_READ COMMITTED FAST SPEED
initialCtx.lookupGndiName); b T
PooledConnection pooledConn = JIRPRSAOION RSFIEN RELE e VI
ConnectionPoolDataSource.getConnection(); TRANSACTION_SERIALIZABLE SLOW SPEED

Connection conn = pooledConn.getConnection(); Table Tfransaction isolation levels 33
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become a concern if you are It - t t t IS ﬁ f containing the query. If the object will be used for
caching a very large amount of IS 1M por an Om E pdates, then the primary keys of the table need to

data, so be sure to have your the corrdéloBC dresersnsi=n gl#Odvwol|/#wkh#vwdwh ph gwffdquteth #h {hf
environment up to par. Another for your envwonm@rﬁ?a Listing Gdemonstrates how to make use of a

coding practice that is impor 0 CachedRowSet
wdgw#wr#jhw#fruuhfw#lv#xl ol}lqj#
the proper JDBC code for your
application requirements. | will

Listing 6.
RowSetFactory factory;

delve into some pointers to keep in mind when codin g JDBC try {
and JPA queries for large data access. Lastly, manag ing opera 0O /| Create RowSetFactory
tions when performing updates and deletes can be de tri O factory = RowSetProvider.newFactory();
mental to an application’s success, and in this sec tion | touch /I Create a CachedRowSet object using the factory
upon some techniques for performing bulk operations : crs = factory.createCachedRowSet();
Caching data&vhen an application is required to work with /I Populate the CachedRowSet connection settings,
the same data more than once, it makes sense to kee p it Il if needed
lq#phpru|#udwkhu#wkdq#lqfxus#dgglwirqgo#gdwdedyREIsname(username);

_ _ /? crs.setlyassword(password);
trips. There are several ways to cache data that is frequently

/I crs.setUrl(jdbc_url);
dffhvvhg#lqwr#phpru |1#Rqh#vxfk#vro}(h\l#dcq##ll\q;fﬂwy/#pb\ﬁd@ﬂeaquery

phpru[#gdwd#julg/#vxfk#dv#Kd}hofdvwi#Dw#wk#h u#yg eet@dmmand("select id, request_date, "+
pdnh#xvh#ri#texlowOlg#MGEF#fdfklqj#viwhwirqv/#zKpllothity, description from duke issues");

provide a more lean but less robust alternative to a data grid. Il Set key columns
LqOphpru|#gdwd#julgv#pdnh#iw#hdv|#wysvwruh#gdweysigil

wulexwhg#Pdsv/#0Ivwv/#dqg#Txhxhwiwiraiwhkg v # | w S HEREOlUMns(keys);
I/l Execute query

many times without making multiple trips to the dat abase. ers.execute(conn);
This solution, in particular, is easy to get starte d with, yet /I Manipulate the obj(’act contents in a
it's advanced enough to provide an abundance of opt ions // disconnected state
for scaling, partitioning, and balancing your data. To make while (crs.next()) {

wklgjv#qlfhu/#Sd|dud#kdv#exlowOlqg#dudl}hofdvw#vro¥wérform some work on the resultset
Li#|rx#duh#ohdqglgj#wrzdug#eduhOphwxwkoNIGBF#fdfklqj/#
tion of JDBC solutions such as  javax.sgl.CachedRowSet } catch (SQLEXxception ex) {
make it possible to store smaller amounts of data f or repeated ex.printStackTrace();
access. Data withina CachedRowSe#fdq#eh#prgl=hg#dq g}#
dwhu# fk [Yhg#edfn#wr#wka dRareSket h 1 # D
odwhu#viafkurgljhg#edin#wr#wkachg fﬁ JDBC, use PreparedStatemanmntsvw#dqg#iruhprvw/#li#|rx#
can be generated froma RowSetFactory ora CachedRowSet N
. _ _are writing JDBC, use PreparedStatement s rather than
default constructor. A Connection #lv#wkhq#frq=jxuhg#iru#

| Statement s. A PreparedStatement b 0
the CaChedROWSeb#remhfw/#dqg#d#unIquedvhg#VTngrr#Tg rppgqg# S P can be pre 24
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compiled, so if it is executed multiple times, it w ill not need
to be recompiled each time. Not only will your appl ication

e.printStackTrace();
}

jdlgq#shuirupdgfh#ehgh=wv#exw#vh fxulvo|éeth qh=w J&EP#SsHeLIst

PreparedStatement s are advantageous for guarding against
SQL injection.  Listing Bemonstrates the typical use of a
PreparedStatement for retrievinga ResultSet .

Listing 7.
public List<Dukelssues>
querylssues(String assignedTo) {
String qry =

"SELECT ID, REQUEST_DATE, PRIORITY, DESCRIPTION "

+"FROM DUKE_ISSUES "
+ "WHERE assigned_to = ?";

List<Dukelssues> issueList = new ArrayList();
try (Connection conn =
CreateConnection.getConnection();
PreparedStatement stmt =
conn.prepareStatement(qry))
{
stmt.setString(1, assignedTo);
try (ResultSet rs = stmt.executeQuery();) {
while (rs.next()) {
int id = rs.getint("ID");
java.util.Date requestDate =
rs.getDate("REQUEST _DATE");
int priority = rs.getint("PRIORITY");
String description =
rs.getString("DESCRIPTION");
Dukelssues issue = new Dukelssues();
issue.setld(id);
issue.setRequestDate(requestDate);
iIssue.setPriority(priority);
iIssue.setDescription(description);
issueList.add(issue);

}

}
} catch (SQLEXxception e) {

HIREITTTTHTTTTTT T MAY/JUNE 2016

It might be obvious, but make sure that Statement s and

PreparedStatement s are closed once they've been used.

Doing so gives the garbage collector an opportunity to recycle

the memory.

Use bulk operationfsan application is performing many

subsequent updates or deletes, then it might be bes ttoper O

form these operations in bulk. Both JDBC and JPA pro vide

the means for using bulk write and delete operation s when

needed. To fully understand if bulk operations will be help O

ful to your application, it's important to understa nd how they

zrunl#Wkhuh#duh#d#frxsoh#ri#gl<hubkqubmpgb¥#ri#e

parameterized and dynamic.
Sdudphwhul}hg#edwfk#zulwlgj#hvvhqgwhkdxp|wdnhvi#

ber of identical inserts, updates, or deletes and ¢ hains them
together, using bind variables for parameters. In o ther words,
the only thing that changes throughout the bulk of the oper 0

ation is the parameters—the SQL for the operation r emains

the same. The chain of operations is then sent to t he database

lg#d#viqjoh#fdoo#dqg#h{hfxwhg#|q#ededWwf&8dudphwh

writing improves performance twofold because the sa me

vwdwhphqw#lv#xwlol}hg#iru#hdfk#rs Outdw hno HwH #w k h
need to be parsed each time,

Data man ag e @Wydre network connec 0

tion is used because everything is

IS m rSt Step sent in bulk.

toward WI‘ItI ng i@fdmic batch writing allows
appllCatIOI’] tO W‘Pktatement in a bulk

with large amguiits, o reeogemeos.
of data.

statement can be sent in bulk to
the database. Parameter binding is

35
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not allowed with dynamic batch writing, so the SQL must be

parsed for each statement. Therefore, the net gain

on perfor 0

conn.setAutoCommit(false);

pdgfh#lv#rqo|#gdwdedvh#frgghfwlrgOu hjkdwiygwsd q g # PN loop here to add statements to the
eh#dv#ehqh=fldo#dv#wkdw#ri#d#sdudphawnlu bih g # d dRgragransaction, if needed.

Determining which type of bulk operation is being u sed by
your JDBC driver involves some amount of testing an dinves O
tigation. JDBC contains a standard API that allows you to
determine which type of bulk operation you can perf orm. To

stmt.addBatch(insStmt1);
stmt.addBatch(insStmt2);
stmt.addBatch(updStmt);
int[] count = stmt.executeBatch();

xwlol}h#edwfk#rshudwlrqgv#ziwk#udz#M GEppEwHvWHVhwHdX

on the connection to false. By default, each operat

ioniscom O

conn.commit();

plwwhg#dxwrpdwlfdoo|/#dqg#e|#vhww gl frp FPAEEFAUoCommit(true);

the operations will be executed but not committed u ntil an
explicit commit is issued.  Listing 8hows a simple example
of how to perform a group of inserts and updates in a batch
operation. In a big data environment where many row s are

being inserted at a time, the insert statements may be issued

lg#d#orrslqj#frqvwuxfw=#=uvw#rshaqlaf#whkiw#rqgRIWJLE v ne of batching. To enable batch operati

} catch (SQLEXxception e) {
/I Log the exception

}

There is no prescribed standard for performing batc h opera 0

tions using JPA. However, most of the JPA providers dosup O
ons to

orrslgj#wkurxjk#wkh#lqvhuwv/i#dag#=qdae\Wwtheip lyWhadd | wiigud#MsD#hqylurgphgqw/#w|stodeio [#frg=jxu

end and closing the connection.

Listing 8.
List<Dukelssues> issueList = querylssues("JUNEAU");

String insStmtl =

"Iinsert into duke_issues (id, request_date," +
“priority, description) values " +

"(908472, '2016-01-01',0,/QUERY NOT WORKING")";

String insStmt2 = "insert into duke_issues " +

"(id, request_date, priority, description) values "

+

"(908473, '2016-01-01',0,/RESULTS NOT POSTING"";

String updStmt = "insert duke_issues " +
"set status = ? where assigned_to = ?";

try (Connection conn = getConnection();
Statement stmt = conn.createStatement();) {

HIREITTTTHTTTTTT T MAY/JUNE 2016

must be made within the persistence unit. Most JPA d rivers
dffrpprgdwh#sdudphwhul}hg#dqgg#g|qdplf#égdwfk#zulw
[rx#pxvw#frg=jxuh#dffrdgsti@ Aemonstrates how to
frg=jxuh#iru#HfolsvhOlgn#zlwklg#wkh#slhuvlivwhqfh#x

Listing 9.
<persistence-unit>

<property name="eclipselink.jdbc.batch-writing"
value="JDBC"/>

<property name="eclipselink.jdbc.batch-writing.size
value="1000"/>

</persistence-unit>

Consider a specialized driver ontAsRhportant to get the

correct JDBC driver for your environment. Although the data O
base vendor may provide a JDBC driver, it might not be the
most optimal driver for your application’s use case . There are 36
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pdg|#gulyhuv#wkdw#kdyh#ehhqg#vshfl=fdwoloxpw

with large amounts of data. Make sure to choose one of those.
In other words, do your homework with respect to th edata O
base platform and the environment you'll be working in to

ensure you have the best driver for the job.

Conclusion
Ehiruh#gljjlqj#lgwr#wkh#gxwv#dqg#eBdwy#gidw

pdgdjhphqw#lv#wkh#=uvw#vwhs#wrzdubgdhe lulg¥l f

work with large amounts of data. Data management st rategies
lgfoxgh#frg=jxulqj#MGEF#dqg#MSD#hqylgrq|dt

frglqj#iru#wkh#ehvw#shuirupdqfh/#dqogfg Ikl we

the fundamentals of the application working correct ly to
avoid developing an application that doesn't scale or perform
well. In this article, | looked at the basics. But once those
items are in place, it's important that JDBC and JP A environ O
ments constantly be monitored for performance to ge t the
best possible performance for a given data load. </article>

Josh Junea(@javajuneau) works as an application deve
system analyst, and database administrator. He is a tec
writer for Oracle Technology Netwlakaakidgazirteée has
written books on Java and Java EE for Apress and is a
Expert Group member for JSR 372 and JSR 378.

Oracle’s JDBC tutorial
Oracle’'s JPA tutorial
Background on database isolation

“BARCELONA JUG

Barcelona, Spain, has a

vibrant startup ecosystem

and many business

communities related to

software. It's a beautiful

city with lots of places

to visit and some of the

best urban beaches in the

world. It's also home to the

Edufhorqgd#Mdyd#Xvhuv#Jur

(@barcelonajug),anon 0
sur=w#dvvrfldwlrg#exlow#durxqg#d#wbtdp#edWwi#t eurdc
lg#Mdyd#whfkqgrorjlhv1i#VIiqfh#5345/#IMdjkidvdi@innig #ru ]
dgg#rwkhu#jhwOwrjhwkhuv#irfxvhg#rqddbodydéginrsdi /#
month. Most of the meetings are held in English.

Some past topics include developer tools, testing t echniques,
|0|D_Q§’,L#gthjq/#dqg#kIjkOshuirupdqfh#phvvd;I#qlilj#th#ju
hniedlvhg#wdonv#iurp#Vwhskhq#Fklq#+RoydRodu$rE odx v #

IXvir/#Jdylg#NIqj/#dgg#Pdxulflr#VdodwhMirdg@ hg#Kdw,:
SEAJFRwh#RrRqriuE#+Wdohqg,>#D oh{#Wwtvu#NRdhxyEhhv,
+RVII#Dooldqfh,>#dqg#Qruehuwr#Ohlwh#rwkigyvGE,/#d

Its big event last year was the Java Barcelona Conf erence, a

wzrOgd|#hyhqgw#irfxvhg#rg#Mdyd/#MYRH#dgjdituhtodwh

$4

0V

as well as open source technologies. Developers fro m several
countries came to learn and explore software develo pment in
a unique environment. The talks given at the 2015 e vent can

be viewed online.
Wkh#jurxs#lv#rujdqgl}lgj#wklv#|hdu!v#hothwyad# 2k | Kk #
place June 16 to 18, with even more topics and netw orking

Ideud#Xqglyhuviw|#dqgg#lqfoxgh#kdqgvOrxg#iag#vkrsvi
learn more and buy tickets here .
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opportunities. This year, the event will take place at Pompeu
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Junit 5: A First Look

The long-awaited release of JUnit 5 is a complete redesign with nagyonseful a

J Unit, the widely used Java unit testing framework, has Con guring Tools to Use JUnit 5
mxvw#vhhg#wkh#=uvw#doskd#uhohdM3#|kg vl X 8#HBi#dghs hqghqf|#gh=qglwlrqv#duhk#dl dhdigioh#iru:
onversion4. MXqlw#8#frqvlivwv#ri#d#uhydpshg#frghddyg#dulawkehl#lru#wklv#duwlfoh/#L#ghbygfghlg#dqg?
a modular architecture, a new set of annotations, a n exten - gh=qlwlrg#iru#wkh#MXqlw#8#D SL1#WkkHk#Fodylz e # vk
vieoh#prgho#iru#wklugOsduw |#o0leudqggivihgedod Wwdiftebdw rg#ri#M Xqlw#8=
wr#xvh#odpegd#h{suhvvirqv#lg#dvvhuwVnquE#Wkh#suhghf
MXqlw#8#zdv#wkh#MXqlw#Odpegd#su ion bt/ vaz ¥ | FESRENPIERY R

ideas for the next generation of unit testing and w as crowd- zgr?]:Jplt(liggrg.J.tgut</_ g;outgldjld>
ixqghg#xqwlo#Rfwrehu#53481# artifactid=junito-apis/artitac

. _ <version>5.0.0-ALPHA</version>
Wkurxjk#wkh#|hduv/#M Xq IW#kdv#fdswxmmlgiﬁmﬁ(h#%}%ﬁbg,{&{g/scope>

d#xqIw#whvwlqj#iudphzrun#verog#ehULWFrIZWy/MU%fab\ﬁé/rmghcp
vwd|hg#lgwdfw/#zklfk#pdgh#lw#gl?fydhd# Wk#Vwgwz#hyro
yhuvirg#lv#d#frpsohwh#uhzulwh#ri#wikhdwkip# EMDgIWw#S #qrz#frqvivwv#ri#pxowlsoh#pwdghethv#lqgfoxglg
wr#surylgh#d#vx?flhqw#dgg#vwdeoh# Y& Hsrmusw Junitbadpida #prgxoh/#zkIfk#surylghv#d#wudqviwlyh#ghs
lgj#whvwvl#Lpsohphqgwlqgj#xqlw#whvwVdizve MW ddehéysht ubpentestd] /#zklfk#lv#qdphg#diwhu#wkh#Rshq#
dw#d#plglpxp/#exw#lw#fdg#uxqg#whvwvd#hdirghizgo bywdfd#iru#twkh#MYP#surmhfw1# ndwipd bd g o r # s u
versions of Java. frpprg#irxggdwlrgq#iru#whvwlqgj#oleuduMki#EGHv/#dq¢
Lg#wklv#duwlfoh/#L#ghvfuleh#wkhrigwligiMgtd#oférnosshms#t k#dv#WhvwQJl/#Kdpfuhvw/#Vgohd#tHfolsvh/#
uhohdvh#ri#MXqlw#8/#looxvwudwlqj#mw{khostoh wikim dywid chddg g #pd g |#rwkhuvi
Doo#wkh#frgh#lg#wklv#duwlfoh#|v#ephhIUretM Xqlw#yGgMvIirqg/#MXqlw#8#kdv#wkh#iroorzlgj#prgxohv=
DOSKD/#zkIfk#zdv#uhohdvhg#lq#lheuxdsuq#@:Bl#QJQ#}u/MilGﬁaﬁirp [#dg#DSL#prgxoh#wkdw#frqwdlqv#fodvvhv
vixufh#frgh#iru#wkh#h{dpsohv#Ilqg#wlkddédh#dhohwkmEbhphgqwlqgj#whvwyvi
Java Magazine download area . o junit4-engine  /#d#MXglw#7#hqgjlgh#lpsohphqwdwlrql#
Wkh#MXqglw#whdp#lv#sodqqlqgj#wr#vkdswhd#rusohdy hifghdsgdd qg#uxqv#MXglw#7 edvhg#whvwvi
wkh#iudphzrun#lg#wkh#wklug#txduwhaqh#t ##3 849 1#jBhierengine /#d#MXqlw#8#hqjlgh#lpsohphqwdwlrg#p
rgh#ri#wkh#odvw#vwhsv#ehiruh#MXdI#W 8 IMPIld0&|AwkdsV¥dwhv#dggH#uxqv#MXqglw#80edvhg#whvwyil
vxuho|#eh#rgh#ri#wkh#prvw#frqvhtxhgw#dq#whb kduritéryine-api /#dg#devwudfwlrg#DSL#prgxoh#iru#y
Java ecosystem. Iqj#hqjIqhvl#LW#surnghv#dq#h{whqvlmokm#phfkdcggg
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which current and feature testing frameworks can in tegrate @Test
wkhpvhoyhv#e|#uhjlvwhulqgj#wkh!u#whayjwatigg | g h woig wmplgestisPassing() {
duh#lghqwl=hg#e|#dq#LG#vwulqj/#dqyiekhg# qjlq VG UHIENS.api.Assertions.
y|d#uh>hfw|rq#wkurx1k#wkh#fodvv#ond#gmmjlwwmﬁﬂ?&?{gr}‘&ﬂr“e)
wkhpvhoyhv#yld#w3erviceCoades class.

< junit-launcher /#dq#lqwhjudwlrq#prgxoh#wkdw#l%/#xvhg#e|#

exlog#wrrov#dqg#LGHv#wr#uxq#whvee #WwiHpdmf) ¥ §INFSE¥h#M X qlw#8#whvw#fodvv iz gqefkg#dy#wkh#rq
MXqlw#7#dqg#MXqlw#8#whvwv#lq#d#vigioh#uxqding 14wkhuh#lv#tdoprvw#qré#gli<huhqfh#wr#eh#vhhq#

° junit-console ’#dQ#DSL#prQXOh#”“#“Xqq"”#'\"xq'%#?ﬁﬂgﬁﬁq#frpsduhg#z|wk#d#|v|Xq|w#7pmmw-@modvv1
MXqIw#8#whvwv#|urp#wkh#frppdqg#onhﬂq#Lw#ﬁepeln%gvig%gt{tnére iS No need to have test class es and

results to the console. phwkrgv#gh=qhg#zpubliov kip# gl =hul#D o V@/Festk h#
e junit-commons /#d#frpprq#DSL#prgxoh#Wde#|V#%m6{éﬁoﬁ_g|gﬁ6 with the rest of the annotations—h as
e|#doo#prgxohvl pryhg#wr#d#qhz#sdfndjorggquhitlgers.api :

< junit4-runner /#dq#DSL#prgXOh#”u#uxqqlqj#MXqﬂWl#[@#ﬁf‘Q\/"V\\/"#é&h#lpsruwhgl
rg#EM Xqlw#71#Wklv#hdvhv#wkh#pljudw) #dpgsothM Xqlw#7 edv

phqwdwquv#wr#MXqIw#8/#ehfdxvh#wlorg##uAGHO/\#@agﬁé“&nfbeéh the Power of Annotations

gra!w#vxssruw#MXglw#8#whvwv#|hwl MXqlw#8#r<huv#d#uhylvhg#vhw#ri#daapydwingi##zkit
< surefire-junits , a module that contains  JUnitGen5 surylgh#hvvhgwldo#ihdwxuhv#iru#!psWmhtave loprj #w h v w
Provider /#Zk|fk#|thlUdWhV#Z|Wk#th#dehq#VQ,ﬁ,‘{j%jP&f;?fodﬁ#%#ﬁ#ghfoduhg#lqglylgxdmtcbqp%su#h\g#]|#qu
iru#uxqqlaj#MXqlw#8#whvwv#rg#MXqlw#71 wr#fuhdwh#fxvwrp#dgqrwdwlrqvl#Lg#wah#ittoorzIqj#v
o junit-gradle | a module that contains  JUnit5Plugin ghvfuleh#hdfk#dgqrwdwlrq#dqg#jlyh#gbattb##zIwk#h
Zklfk#|Q_WhJ'UdWhV#Z|Wk#‘]Udg0h#ex'OQV##a#uxo@tﬂéﬁlg{%&me!v#qrz#srvvleoh#wr#glvsod|#d#qdph#ir
tests on JUnit 4. fodvv#ru#lwv#phwkrgv#e@Hisplgyandatinotation.

Rah#ri#wkh#pdlig#jrdov#ri#MXqlw#8# psoxemwenl¥ i\ r# g0 o pisjing 2#wkh#ghvfulswirq#fdq#frqwdig#vsdfh:

DSL#iru#h{htxwlgj#wkh#whvwv#iurp#phkaw DSV # U RS Y c qudfwhuvi#Lw#fdg#hyhq#fégpwedlg#hprmiy#v
the tests.

Listing 2.
Anatomy of a JUnit 5 Test @DisplayName("This is my awesome test class")
Ohw!v#orrn#dw#vrph#MXqglw#8#whvvvifswidaM XefiaeswiaplgRlgmedTest {

test shown in  Listing 1 _ o
@DisplayName("This is my lonely test method")

Listing 1. @Test _
import org.junit.gen5.api.Test; void simpleTestlsPassing() {
assertTrue(true);
class SimpleTest { \ }

39
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@Disabledw k m#Disabled annotation is analogous to the Iv#ghvfulehg#lqg#ghwdlo#ConseleRusriny yo can
@Ignore#dqgqrwdwlrg#ri#MXqlw#7/#dqg#lw#fdb#ehdsetegiwisidglddlewhu#iru#surylglgj#uhtxiuhg#wdj#qgdph
wkh#zkroh#whvw#fodvv#ru#rqh#ri#lwv¥¥whngegV Ehitsdbfdphwhu#iru#h{foxglgj#wdj#qdphvl
uhdvrg#iru#glvdeolgj#wkh#whvw#fdq¥sehl#dgghg#@BetoreAll, @BeforeEach, @AfterEach, and @Afterdl.

the annotation, as shown in  Listing 3 ehkdylru#ri#wkhvh#dgqrwdwlrqv#Ilv#h gdfwlon#wkh#vdp
o ehkdylru#ri#M X@BetoreCiass, @Before, @After, and
Listing 3. @AfterClass /#uhvshfwlyho|1#Wkh#phwkrg#dqqrwdwhg#.
class DisabledTest { @BeforeEach#zloo#eh#h{hfxwh g# e@®ilrashwetobtk #
@Test and the method annotated with @AfterEach #zloo#eh#h{h
@Disabled("test is skipped") cuted aftereach @Test#phwkrgl#Wkh#phwkrgv#dqgqrwdwhgt
void skippedTest() { @BeforeAll and @AfterAll #zloo#eh#h{hfxwhg#ehiruh#dqg:
fail("feature not implemented yet"); after the execution ofall ~@Test#phwkrgvl#Wkhvh#irxu#dgqgrw
} wlrgv#duh#dsso | @ #estmethotstof the class in which
} wkh|#uhvigh#dgg#wkh|#zloo0#dovr#ehwdisks tithdgut w r # w k

| FR|/#1i#dg|#h{Ivwvi#+Vhh#wkh#qh{WhutafKtg#EgEwhvy
@Tags and @Tag_wlv#srvaeoh#wr#wdj#whvw#fodvvwléﬁwlgﬁ\;vl,kﬁa(}wgqqrWd@Bgf@mmﬁnd @AfterAll

rgv/#ru#erwkl#dejIqj#surylghv#d#zdh#vr##me%/hi{bé%jﬁmr#eh#gh:qhg#dV#VWdW”l
fxwirql#Wklv#dssurdfk#lv#dqdorjGategores! X qlw #@Nésted test hierarchies X qlw#8#vxssruwv#fuhdwiqgj#kihu
Listing 4 vkrzv#d#vd psoh#WhVW#deVV#Wde#XVhV#’fWY]%W#fodvvhv#e|#qhvw|qj#wkhp#lW\kIIg/l##thkQ##wkh
Listing 4. hgdeohv#|rx#wr#jurxs#whvwv#orjlfd o o|gdquosikidly# # w k
@Tag("marvelous-test") vdph#sduhqw/#zkifk#idflolwdwhv#dssdiyugenidn#vdphs
@Tags({@Tag("fantastic-test"), tion methods for each test. Listing Stvkrzv#dg#h{dpsohl

@Tag("awesome-test")})

class TagTest { Listing 5.

class NestedTest {

@Test _ | |
void normalTest() { private Queue<String> items;
} @BeforeEach
@Test void setup() {
@Tag("fast-test") items = new LinkedList<>();
void fastTest() { }

} } @Test

void isEmpty() {

\rx#fdgq#=owhu#whvwv#iru#h{hfxwlrq#ryHdhl{fjorwdig#e laggertTrue(ltems.ISEmpty());

gdphv#wr#wkh#whvw#uxqgqhuvl1#W KohsoleRumnerqaqlq] 40
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@Nested assertEquals(2 == 2, true);

class WhenEmpty { }
@Test
public void removeShouldThrowException() { @Test
expectThrows( void assertionShouldBeTrueWithLambda() {
NoSuchElementException.class, assertEquals(3 == 2, true,
items::remove); () -> "3 not equals to 2!");
} }
} }
@Nested W k brg.junit.gen5.Assumptions #fodvv#surgdgumet
C'%STS V\ihenWithOneElement{ True, assumeFalse, and assumingThat static methods.
es

Dv#vwdwhg#lg#wkh#grfxphgwdwlrq/#wklhvh#phwkrgv
items.add("Item"); ixo#iru#vwdwlqj#_dvvxps.wquv#derxw##vﬂdm#lf#qjgﬂwlrqv
assertEquals(items.size(), 1): whvw#lv#phdqlgjixol#Li#dg#dvvxpsWwhrogwdha\g/# | w#

} wkh#frgh#lv#eurnhqg/#exw#rqo|#wkdwgwiobwwhvw#su
} ixo#lgirupdwlrgl#Wkh#ghidxow#M XqIxwfkegxglphu#ljqgrt

} lgj#whvwv1i#WKklv#dssurdfk#hqdeohv#whkhhuddswhngy v #

eh#h{hfxwhgl#

void addingOneElementShouldincreaseSize() {

Assertions and Assumptions

W k brg.junit.gen5.Assertions #fodvv#ri#MXglw#8#fgrouping Assertions
tains static assertion methods—such as assertEquals Lw!v#dovr#srvvlieoh#wr#jurxs#d#o ljhwkhagd# Xk ugy#rqv#
assertTrue , assertNull ,and assertSame —and their cor - the assertAll  static method, which is shown in Listing 7

uhvsrqglgj#ghjdwlyh#yhuvirgv#iru#kdgworigy#wkhfdxkgdv#doo#dvvhuwlrgv#wr#eh#h{hfxwh#gHwe xuvhkku#d
lg#gwhvw#phwkrgv1l#MXqlw#8#o0ohyhudjh#hskh#®xv vt riegbdpegruwhg#wrjhwkhul
virqv#ziwk#wkhvh#dvvhuwlrg#phwkrgv#e|rohry#glgj#ryh

versions that take an instance of java.util.function Isting 7. _

.Supplier 1#Wk|v#hqdeohv#wkh#hydoxdwlrq#ri#Wkchaﬁsd9(/%8%'1A‘rsc?gfrtlons-re5t{
message#od}lo|/#phdqIqj#wkdw#srwhqwldoo|#fqr\p¢50h{@fr%gtfxodwl

are delayed until a failed assertion. Listing Gshows using a void groupedAssertionsAreValid() {
odpegd#h{suhvvirg#lqg#dg#dvvhuwlrql assertAll(
. () -> assertTrue(true),
Listing 6. () -> assertFalse(false)
class AssertionsTest { );
}
@Test }

void assertionShouldBeTrue() {

41
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Expecting the Unexpected "String index out of range: -1");
MXqu#?#surylghv#d#zd|#iru#kdqgoImjwmd{liihswqu}v#e|#g
Iqj#wkhp#dv#dq#dwwu@I&Sh##d/\qrq;tnwldrv#qul#Wklv}#Iv#

dg#hgkdqgfhphgw#frpsduhg#zlwk#suhylrx##yhuvlirgv#wkdw
uhtxluhg#wkh#ryvircardh #eorfnv#iru#kdggokqj#h{arameterized Test Methods

Wirqvl#MXqlw#8#lqgwurgxfhv#wkh#xvdjnl#givio d p é QAN SPHW#8/#lw!lv#qrz#srvvieoh#wwr#kedwh#whvw#ph
iru#gh=qlgj#wkh#h{fhswirg#lqvigh#w kiphdwim wsfdEPLmpuv#iru#wkh#ghidxow#uxqgghu#ilysohphgqwdwl

Listing & vkrzv#wkh#sodfhphqw#ri#wkh#h{fhswlrqEkQVihadeqiy#gladplfdool#uhvroyhg#sdudphwhuv#y
injected at the method level. TestinfoParameterResolver

and TestReporterParameterResolver #duh#wzr#exlowOlqg#
uhvroyhuv#vklsslqj#zIwk#MXqglw#8#wkdw#dfklhyh#wk!

the assertion.

Listing 8.
class ExceptionsTest { Li#wkh#phwkrg#sdudphwhu#!vodgjanivwdqfh#ri#
.gen5.api. Testinfo , then TestinfoParameter
@Test : : : . Resolver #zloo#vxsso|#dqg#lqvwdqgfh#ri#lw#dv#d#sdudp
void expectingArithmeticException() {
Wkh#whvw#qgdph#ru#lwv#glvsod|#qdphafggde h#uhwul

assertThrows(ArithmeticException.class,

() -> divideByZero()); Testinfo instance.

Li#wkh#phwkrg#sdudphwhu#|v#Hdgjhigentgfh#ri#

} .api.TestReporter ,then TestReporterParameter
int divideByZero() { Resolver #zloo#vxsso|#dq#lquvwdgfh#ri#lw#dv#d#sdudp
return 3/0; ydoxh#sdluv#frxog#eh#sxeolvkhg#wrdagfkh#g#hsruwhu#
} rughu#wr#eh#xvhg#e|#LGHvV#ru#uhswhkWw#djHovpsrotv##dyv:
) shown in Listing 10

Ziwk#MXqlw#8/#lw!lv#dovr#srvvleohswlimgdhuw #al#w < f5hihgh10.
yduldeoh#lg#rughu#wr#dvvhuw#frqguwddyw# kg # bwbidsy RexdiversTest {

in Listing 9
@Test
Listing 9. @DisplayName("my awesome test")
class Exceptions2Test { void shouldAssertTrue(
TestlInfo info, TestReporter reporter)
@Test {
void expectingArithmeticException() { System.out.printin(
StringIndexOutOfBoundsException exception = "Test " + info.getDisplayName() +
expectThrows( " is executed.");
StringIndexOutOfBoundsException.class,
() -> "JUnit5 Rocks!".substring(-1)); assertTrue(true);

reporter.publishEntry(
asserteEquals(exception.getMessage(), "a key", "a value"); 42
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} iru#g|gdplfdoo|#uhvroylgj#phwkrg#sdudphWwhuv#dw#u
} Vri#gwkh#sdudphwhu#dggrwdwhg#zlIwk#wkd#pdunhu#dc

@InjectMock #zloo#eh#prfnhg#dqgg#vwruhg#wkurxjk#phw
LgvwdqfhTestiffo or TestReporter #fdg#dovr#eh#lq mp BB G vith @BeforeEachand @Test
into methods annotated with @BeforeAll , @BeforeEach

@AfterEach, and @AfterAll

You can access the source code for MockitoExtension and
@InjectMock online .

The New Extension Model Running JUnit 5

MXqIW#S#SUrylghV#dq#h{thVleOh#DSJU#XM##frpelﬁ)'(‘ﬂijﬁ%'c?wo|/#wkhuh#lv#qr#vxssruw#ir##’l@dqhﬂ#&|#uxqq

h{thV”q#SrquVl#LW#jthV#qhZ#rsmrHV#wu#Wéh@\#ﬁgﬂwhvwv#lq#LGHv#dqg#exlog#w#wvlq##dowerjk#v

grating their own frameworks with the testing mecha nism of zloo#ehl#MXqlw#8#r<huv#wzr#zd|v##nud qwdijfudwlqj#
MXqle#ZIwk#MXqIW#7/#WkIv#ﬂmﬁerr,\@H:thﬂfmhdlwkﬁlquw#8 edvhg#whvwvaarRolaRUANET kiiich is a

@ClassRule/#exw#MXqlw#8#r<huv#d#xql=hg#DSL#gIWk#z kbR AR%EYsso Ifdwirq#irusuxqqlqjaiuwna/#deg # w
wisoh#h{whqgvirqv#fdq#eh#@xtphgWiivlksting 11 the JUnit 4 runner, which handles running tests on JUnit 4—

Iv#dg#h{dpsoh#wkdw#hpsor|v#Prfnlwr#i dwﬂ)munl%'ﬁijj&whg#LGHv#dqg#exlog#wrrovl#wu«ry#g/lwqﬂw#?#
Listing 11. lgwhjudwlrg#zliwk#erwk#Judgoh#dqg#Pdnyhg#exlog#v|
pUb”C interface User{ W k &#nsoleRunner #fdg#eh#h{hfxwhg#zlwk#wkh#Mdyd#:
String getName(); pdqg#vkrzq#ehorz1#Exloglqj#wkh#fodv\hsdghlgi#z |w k #w
} MDU#=ohv#lv#d#suhuhtxlvlwGonsoldRIMNej# w k h #
execute successfully, so ensure that you have corre ct version
@ExtendWith(MockitoExtension.class) of the artifacts.
class ExtensionsTest {
java -cp
@BeforeEach /path/to/junit-console-5.0.0-ALPHA jar:
void init(@InjectMock User user) { Ipath/toljopt-simple-4.9.jar:
when(user.getName()).thenReturn("Mert"); /path/to/junit-commons-5.0.0-ALPHA jar:
} /path/to/junit-launcher-5.0.0-ALPHA jar:
/path/to/junit-engine-api-5.0.0-ALPHA jar
@Test org.junit.gen5.console.ConsoleRunner
void parameterlnjectionWorksOK(
@InjectMock User user) { AQrwh#wkdw#wkh#frppdgg#deryh#vkrxog#kdishéwhdh
assertequals("Mert", user.getName()); command. — Ed]

} ) Lw!v#dovr#srvvlieoh#wr#uxq#M Xqlvkd&#w k g sinutn g #d q
rqo|#MXqlw#71#Wr#h qdarg.junit.gendiuniks #

W k MipckitoExtension ;@H‘odvv#lv#dq#lpsohphqwdwlrq#W\Fufi]e_r"JUnit5 #Ifodvy#.verog#eh#gh:q@l%unIWikf#wkh#
MethodParameterResolver /#zkIfk#Iv#dq#h{whqvlrq#sAPRiaton as shownin  Listing 12

43
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Listing 12.
@RunWith(JUnit5.class)
public class RunWithTest {

@Test

public void simpleTestlsPassing() {
org.junit.gen5.api.Assertions.

assertTrue(true);

}
}

W k jusit4-runner and junit5-engine  #prgxoh#ghshq

ghgf|#vkrxog#eh#gh=ghg#lg#wkh#fodvwkdwk#do!

MXqlw#7#ghshqghqf|l#

Conclusion
Wkh#MXqglw#whdp#kdv#vxffhhghg#lg#r«hjulgg#d
version of JUnit that addresses nearly all the limi tations

ri#suhylrxv#yhuvlrgvl#Qrwh#wkdw# ww hetddX g ew

mhfw#wr#fkdgjh>#wkh#whdp#lv#dqgqrivetw#qj#wk

with the @APhnnotation and assigning values such as
Experimental , Maintained , and Stable .
Jiyh#MXqglw#8#d#vslg/#dqg#eh#suhsldihg#iru

wkdw!oo#klw#wkh#vwuhhwv#Ilqg#odvwhg#HeJA0H #Nnt

always on! </article>

Mert Calisan(@mertcal) is a Java Champion and coauth

of PrimeFaces Cookljostkedition, Packt Publishing, 2013;

second edition, 2015)Eeginning SpriWjiley Publications,
2015). He is the founder of AnkaraJUG, which is the mq

Java user group in Turkey.
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Understanding Generics

Use generics to increase type safety and readability.

In this installment of the “New to Java” series, | wa nt to talk A Bit of History
about generics. Before Java 5 was released in 2004, Java did not ha  ve generic

If you have programmed for a little while in Java, itis types. Instead, it had what are called heterogeneous collections.
likely that you have come across generics, and you have Here is what an example of a heterogeneous list loo ked like in
probably used them. (They are hard to avoid when us ing those days:
collections, and it is hard to do anything really i nteresting
without collections.) If you are coming to Java from C++, you List students = new ArrayList();
might have encountered the same concept as generics under
the name of parameterized types or templates. (Templates in (Knowing this history is important, because you can sl
C++ are not the same as generics in all aspects, bu t they are write this code in Java today—even though you shoul dn't.
closely related) And you might come across these collections in lega cy code

Many novice Java programmers use generics without a full you maintain.)
understanding of how they work and what they can do This In the example above, | intend to create a list of Student
gap is what | address in this article, objects. | am using subtyping—the declared type of the vari-

In Java, the concept of generics is simple and stra ight- able is the interface  List , a supertype of ArrayList , which
forward in principle but tricky in the details. The re is much Is the actual object type created. This approach is a good idea
to say about the corner cases, and it is also inter esting to look ehfdxvh#lw#lgfuhdvhv#>h{lelolw]|l#Lwwaghawkg#dgg#
into how generics are implemented in the Java compi ler and objects to the list:
the JVM. This knowledge_ helps yom_J understand and an ticipate students.add(new Student("Fred")):
some of the more surprising behaviors.

My discussion is spread over two parts. In this iss ue, | When the time comes to get the student object out o f my list
discuss the principles and fundamental ideas of gen eric again, the most natural thing to write would be thi s
w|shvl#L#orrn#dw#wkh#gh=qlwlrq#dbpgxshr#ri#jhqhulfv#
vide a basic, overall understanding. In the next is sue of Java Student s = students.get(0);

Magazine, | will look at the more subtle parts, advanced us es,
and implementation. If you read both articles, you will arrive This, however, does not work. In Java, in order to give the
at a good understanding of how generics can help yo u write List type the ability to hold elements of any type, the add

better code. phwkrg#zdv#gh:qhg#wr#wdnh#d#sd(Dlnljecttwdmmi#ri#w.
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the get method equally returns an Object type. This makes (at runtime, when the application might already hav e been

the previous statement an attempt to assign an expr ession delivered to a customer), but also that the source location
of type Object to a variable of type  Student —which is of the detected error might be far removed from the actual
an error. plvwdnh=#|rx#duh#qrwl=hg#derxw#wk h #slune&etkh#z k h g
Lg#wkh#hduo|#gd|v#ri#Mdyd/#wklv#wdv#={hg# elemkdt ddtfdhile the actual error was made when p utting
wkh#hohphqgw#Ilql#WKklv#pljkw#zhoo# ellhw# gi#advkdl?# huh
Now, writing this cast was always a mild annoyance. You usu- Java and Type Safety
ally know what types of objects are stored in any p articular Java was always intended to be a type-safe language This
list—why can' the compiler keep track of them as w eli? means that type errors should be detected at compil e time,
But the problem goes deeper th_an _mere annoyance. _ and runtime type errors should not be possible. Thi S aim was
Because the element type of the list is declared to be Object , never achieved completely, but it's a goal that the language
you can actually add objects of any type to the sam e list designers strove for as much as possible. Casting b reaks this
goal: every time you use a cast, you punch a hole i n type

students.add(new Integer(42));

students.add("a string"); safety. You tell the type checker to look the other way and
just trust you. But there is no guarantee that you will get

The fact that this is possible—that the same list ¢ an hold things right.

remhfwv#ri#gl<huhqw#w]|shv Iv#wkh #wrhgiwa # tw#1 vMY HiMes, when a cast is used, the code can bere  writ

heterogeneous: a list can contain mixed element types. ten: often better object-oriented techniques can be used to

Kdylgj#olvwv#ri#gl<huhqw/#xquhodw v i ahp REUIFERF|RhInd maintain type safety. However, co llections

useful, but it is easily done in error. suhvhgwhg#d#gl<huhqw#sureohpl#Wkhulh#wéhp¢r#zd|

The problem with heterogeneous ; without casting, and this jarred with the philosoph y of Java.

lists is that this error cannot be It IS userI to That such an important area of programming could no t be

detected until runtime. Nothing u ndel’Stand Ohsei in a type-safe way_/ was_ a real annoyance. Thus in_ 2004,
wkh#Mdyd#odqgjxdjh#whdp#={hg#wklv#gbhgdahpwe |#dg

prevents you from accidentally aspect that Cmgg@| guage.

inserting the wrong element

type into the student list. Worse, Sllghtly When
even if you get the element out of enerics enteI@6 Loss

the listand castittoa  Student , he term fqr the problem with heterogeneous collect ions is
the code compiles. The error sur - t e Java Ian M@gﬁn order to construct collections of any type, th e ele-
faces only at runtime, when the the relaﬂons tpqw#w|sh#ri#doo#froohfwlrqv#zd)xbj%gh.:qubg#wr#eh#
cast fails. Then a runtime type between Clasgtééphwkrg/#iru#h{d psoh/#pljkw#eh#gh=qhg#dvV#iEe04
error is generated.

. and types.  public void add(Object elemen)

The problem with this runtime
error is not only that it occurs late .
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This works very well to put elements—say, objects o f type new ArrayList<Student>()

Student —into the collection, but it creates a problem when Whe n gene”CS
you want to get them out again. Even though the run time Just as with parameters for were |ntr0d uced ,
system will know that the element.ls of type Student , the methods, you have a formeﬂ a useful Shortcut
compiler does not keep track of this. When you late ruse a sdudphwhu#vshfl=fdwlrq#l -
get method to retrieve the element, all the compiler k nows is gh=gqlwlrq#Evakhah actual nOtatlon_the .
that the element type is ~ Object . The compiler loses track of parameter at the point of use d|am0nd nOtatlon—
the actual element type—thus the term type loss. (Student ). Unlike method I

P P parameters, the actual parameter WaS prOVIded to en
Introduction to Generics is not a value but a type. that the _mcreased
The solution to avoid type loss was to give the com piler By creating an  ArrayList read ablllty dOES NG
enough information about the element type. This was done <Student> (which is usually Iead to unnecessal
el#dgglqj#d#w|sh#sdudphwhu#wr#wkh#fdd# r u #eagheu lougfas “an ArrayList of
wlrgl#Frqvighu#dq#+lgfrpsohwh#dqg#vip#ol#dg#Bydentq, e other mentions Verboseness
ArrayList . Before generics, it might have looked like this: of the type parameter ~ Ein the

vshfl=fdwlrg#duh#dovr#uhsodirhg#

class ArrayList { with the actual type parameter

public void add(Object element);
public Object get(int index);
}

Student . Thus, the parameter type of the add method and
the return type of the ~ get method are now both ~ Student .
This is very useful: now only Student objects can be added
as elements, and you retrieve  Student objects when you get

The element type hereis  Object . Now, with the generic _ o
them out again—no casting is needed.

sdudphwhu/#wkh#gh=qlwlrq#orrnv#dv#iroorzv=

class ArrayList<E> { Abstraction over Types
public void add(E element); It is useful to understand one aspect that changed slightly
public E get(int index); when generics entered the Java language: the relati onship
} between classes and types. Prior to generics, each class
gh=qghg#d#w|shl#lru#h{dpsoh/#li#|rKké&xpyegh#d#fodvv.
The Ein the angle brackets is a type parameter: here, y ou can then you automatically get a type called Hexagonto use in
specify what the element type of the list should be . You no yduldeoh#dqg#sdudphwhu#gh=qlwlrqgvwidWdking h#|v#d#

longer create an ArrayList object forthe Student elements one-to-one relationship.

by writing this: Ziwk#jhghulf#fodvvhv/#wkIv#Iv#gl<huhqwl#D#jhghu
fodvv#grhv#qrw#gh=qgh#d#w|sh Iw#ghwhv#d#vhw#ri#
lru#h{dpsoh/#wkA#agldst¥E> #gh=qhv#wkh#

types ArrayList<Student> , ArrayList<Integer>
ArrayList<String> , ArrayList<ArrayList<String>> , .

new ArrayList()

Instead, you now write this:
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dqg#dg|#rwkhu#w|sh#wkdw#fdqg#eh#vgkiWkhgiwe sidsbme dgdrieric types, especially when there is mor
parameter E with a concrete type. one generic parameter, this line can get rather lon
In other words, generics introduce an abstraction o ver

types—a powerful new feature. HashSet<Integer, String> mySet =

new HashSet<Integer, String>();

The Bene ts _ _ o
Rqh#ehgh=w#ri#xvigj#jhqhulf#fodvvhveykrxog#qridsiiy getworse ifatype parameter itself is
improved correctness. Incorrect types of objects ca n no lon- HashSet<Integer, ArrayList<String>> mySet =
ger be entered into a list. While erroneous attempt S to insert new HashSet<Integer, ArrayList<String>>();
an element could previously be detected only during testing

(and testing can never be complete), they are now d etected at In each of these examples, the same lengthy generic
compile time, and type correctness is guaranteed. | n addition, spelled out twice: once on the left for the variabl

if there is such an error, it will be reported at t he point of the and once on the right for the object creation. In t
incorrect insertion—not at the the Java compiler allows you to omit part of the se

point of retrieving the element, tiom Qf the type and instead write this:
which is far removed from the The use Of geneﬁl&§|

e than
g:

generic:

type is
e declaration
his situation,
cond men-

actual error location. can make COde @@@lﬂr&ﬂdﬁrinw mySet = new HashSet<>();

There is, however, a sec - eaS|er 11{0) read .

rqg#ehgh=w=#uhdgdeloly Here, the generic parameters are omitted from the r

explicitly specifying the ele - (leaving the angle brackets to form a diamond shape

ment type of collections,

you are providing useful information to human reade rs of means that the generic parameters on the right are the same

your program as well. Explicitly saying what type o fele - as those on the left. It just saves some typing and makes the

ment a collection is intended for can make life eas ier for a line easier to read. The semantics are exactly the same as

maintenance programmer. they would be had you written out the types in full

The Diamond Notation Summary—3So Far

When generics were introduced, a useful shortcut no ta- This was the easy part. The use of generics can mak e code

tion—the diamond notation —was provided to ensure that safer and easier to read. Writing a simple generic class is

the increased readability does not lead to unnecess ary quite straightforward, and creating objects of gene ric types

verboseness. is as well. You should also be able to read the doc umentation
Consider the very common case of declaring a variab le and of simple generic types, suchasthe  List interface’s Javadoc.

initializing it with a newly created object: page or the Javadoc page of the Collection interface.

However, the story does not end here. So far, | hav e ignored

ArrayList<String> myList = some problems that arise with generics, and underst and -

new ArrayList<String>(); ing the mechanisms to solve them gets a little tric kier. This
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is where things become really interesting. Let’s lo ok at the

sureohp#=uvwl

Generics and Subtyping

Assume that you have a small inheritance hierarchy. To
model people in a university, you have classes Student and
Faculty , and a common superclass Person (Student and
Faculty are both subclasses of Person). So far, so good.

Now you also create types for lists of each of thes e:
List<Student> , List<Faculty> ,and List<Person>

The student and faculty lists are held in the parts of
your program that hold and process the student and fac-
ulty objects. The Person list type can be useful as a formal
parameter for a method that you want to use with bo th fac-

ulty and students, for example:

private void printList(List<Person> list)

The idea is that you want to be able to call printList  with
both the student and faculty lists as actual parame ters.
This will work if the types of these lists are subt ypes of
List<Person> . But are they?

In other words, if  Student is a subtype of Person, is then
List<Student> asubtype of List<Person> ?

ing lists of subtypes and lists of supertypes to be in a sub-
type/supertype relationship themselves. In other wo rds,
List<Student> is not a subtype of List<Person>

Conclusion
There are many situations in which you need subtypi ng with
jhghulf#w|shv/#vxfk#dv#wkh#deryh#dwiwhjhow#wr#gh=
eralized printList  method. You have seen that it does not
work with the constructs | have discussed so far, b ut just
saying it can't be done is not good enough—you do n eed to be
able to write such code.
The solutions entail additional constructs for gene rics:
bounded types and wildcards . These concepts are powerful, but

have some rather tricky corner cases. | will discus s them in
the upcoming installment in the next issue of Java Magazine.
Until then, study the generic classes available in the Java

library—especially the collections—and get used to the
notation discussed in this article. | will dive dee per next
time! </article>

Michael Kollingg a Java Champion and a professor at the
University of Kent, England. He has published two Java textboc
and numerous papers on object orientation and comyputing edu
tion topics, and he is the lead developer of BlueJ and Greenfoc
two educational programming environments. Kolling is also a
Distinguished Educator of the ACM.

Intuitively, you might say yes. Unfortunately, the correct
answer is no.
You can see the problem when you imagine that the
printList  #phwkrg#qrw#rqgo|#sulqwv/#exw#dovr#prgl=hv#wkh#

list passed as a parameter. Assume that this method inserts
an object of type  Faculty into the list. (Because the list is
declared in the parameter as  List<Person> , and Faculty
is a subtype of Person, this is perfectly legal.) However,

the actual list passed in to this method might have been a

List<Student> . Then, suddenly,a Faculty object has been

inserted into the student list! This is clearly a p roblem.
The only way to avoid this problem is to avoid cons ider-
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Ceylon Language: Say More,
More Clearly

A low-ceremony, high-productivity JVM language that intetdyaigit dava
ERARDAED also runs on JavaScript VMs

Gylon is a modern statically typed JVM language, de signed About Modularity

or readability and maintainability, while at the s ame Ceylon has featured a modular architecture from the start.
wlph#ehlgj#h{suhvviyh#hqrxjk#wr#doorn#hw¥ Vith qwB/eryg Ceylon package belongs to a module. If you de clare your
with very little boilerplate. People familiar with Java or C# will module, you can import other modules. If you do not , your
have an easy time getting used to Ceylon because it S syntax code will be part of the default module. This code is what you
is familiar. need to write to start a trivial “Hello World” web a pplication:

When I joined the project (led by Gavin King and Re d Hat)

doprvw#=yh#|hduv#djr/#L#zdv#eorzq#tagd#eldow PRPYkRd¢lo "1"{
import ceylon.net "1.2.2";

Finally, here was a new language made with the same philos -
ophy that | loved in Java when it was created: a ne w language )
made to be familiar, yet more powerful, more expres sive, with shared void run() {
higher-level abstractions, leading to less and clea rer code. But /| create the server
on top of that Ceylon also promised great tooling, a brand- value server = newServer {
new modern SDK, and features (at the time) missing f rom my Endpoint {
rwkhu#idyrulwh#odgjxdjh/#Mdyd prgxodeiwd/ft=uvwoforpih = startsWith("/");
wirqv/#dgg#uhl=hg#jhqhulfvl#D qg#|w#duredwh ¢ #iwr# uteprce(Request request, Response response )
other frustrations. => response.writeString("hello world") ;
Since that time, thanks to the many contributors wh 0 ) J
joined the project, the Ceylon team has delivered o nits b
surplvhvl#lLwv#=uvw#surgxfwlrqOuhdg|[sfaveingl# h# zdm#iren port 8080
two years ago, with two new releases since then, an d server.start(SocketAddress("127.0.0.1", 8080));
improvements and new features keep coming steadily. }
It is impossible to cover the entire language in th is article,
so | highlight only a few important features to giv e you a The module descriptor is simple: I'm declaring vers ion 1 of a

sense of the language. module called hello , and I am importing the ~ ceylon.net .

HIREITTTTHTTTTTT T MAY/JUNE 2016



HIREITTTTHTTTTTT T

module from the Ceylon SDK.
The rest is the run function,
which creates a web server with a
single endpoint and starts it. The
shared annotation means that
this function is visible to clients
that can view its container pack-
age (note that in Ceylon, func-
tions can belong to packages, not
just to classes and interfaces). The
value keyword means “infer the
type of that value by looking at
the right side of the assignment.”
This greatly reduces verbosity
while remaining statically typed.

In Ceylon, functions can be
invoked either with parenthe -
ses and ordered arguments, as in
Java, or with curly braces, which allows you to spe cify argu-
ments by name ( path and service , in this code). In this
case, the service argumentis passed a trivial function that
writes hello world  to the client.

Something unique to Ceylon is that out of the box,
know how to compile and run this module. The

JavaSciipts

the tools
IDE and even

the command-line version know how to deal with modu les;
resolve and fetch dependencies; set up classpaths; compile
and package modules—ocally or even to remote modul e
repositories; and all the tasks that other language s usually
need many tools to perform. This is all you need to do on the
command line to compile and run your module:
$ ceylon compile,run hello
The tools are smart enough that you don’t need buil d tools for
trivial matters.

When it comes to interoperability with other module Sys-
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-1 e
Ceyl On CO m p | Ié(%en Service Gateway initiative) metadata (soon

They even support the Java 9 Jigsaw project (althou

to both Java
bytecode and

supports Java 9 modules. On JavaScript, Ceylon modu
compatible with the

mu It' plat orm SUﬂp@ﬁtmodularity, the Ceylon distribution ships with
enables yOu to Ortlaw(t)m Ceylgj:!?:ni,g:r?dethe metamodel, which i
Ceylon prOg rarﬁélﬁ@ﬁes from the: SDK are automatica’tlly obtai
JUSt On the JVMrﬁn%f@cHtories when they are imported, and the y are
are used to, butalisg"geater

b_rowsers an_d Islq)\g\%ljlsriendIy Type System
Vi rtu al maCh N eSonn features a powerful type system based on the follow-

d OSGi
npm too).
gh cur-
uhgwo |#d#>dj#Iv#uhtxluhg#wr#wxu g|#®Ing#dp UHhelyfdx v h:
les are

s, Ceylon modules include the necessary Maven an

Require.js  module system.

module, which contains the basic

S pretty
ned from

ing parts:

2 Most types will be inferred (you've already seen th is with
the value declaration).

e lru#>rz#w|slqj/#rqfh#|rx#kdyh#fkhfnhg#wkidw#d#ydo
certain type or is not null, the type checker will remember
it and allow you to treat it as such.

e The type of null and of object values should be distinct.

D g@bject can never be null , and its type is distinct from
Null (the type of null ).

2 Union types allow you to specify that a value shoul d be of
one of several types. For example, you can say that a value
is of type String or of type Null with the String|Null
union type. You can access members common to both
w|shv/#ru#qduurz#wkh#w|sh#wr#rqh#mzavkh#fdvhv#
typing: if(is String foo) then foo.lowercased
else "<null>"

@ Intersection types let you describe a value that sh ould
lgkhulw#iurp#vhyhudo#w|shv1#DAppendadle #ri#w [ sh#
& Closeable will be guaranteed to have all methods of
each interface, no matter if it is a File ora Logger.

These features, along with some syntax sugar, allow you to .



prevent NullPointerException  sin Ceylon. If you have a

value of type String , it cannot be null. If you have a value of h
type String|Null  (sugared as String? ), you cannot access
lwv#phpehuv#xqwlo#|rx#kdyh#xvhg#>raddi hsiloy ¢ WPy afid ovr#grhv#dzd|[#zIwk#wkh#yh ug# Midw|d#i#=hog;
existence. (In Ceylon,  existence refers to whether a data item is bean property accessors with a single attribute con struct that

message = "gee";

non-null as determined by using the

Optional Parameters

There are many great reasons to love Java. However,
ture | miss is the lack of optional parameters. Con
Java code:

void log(String message){
log(message, Priority.INFO);

}

void log(String message, Priority priority){
log(message, priority, null);

}

void log(String message, Priority priority,

Exception exception){

exists predicate.)

one fea-

sider this

fdq#eh#=qdo#ru#g|qgdplf=

class Counter(){

/I starts at zero, does not change on access
shared variable Integer count = O;

// increments count every time it is accessed
shared Integer increase => ++count;

}

// no need for "new":

/Il classes are functions in Ceylon
value counter = Counter();
print(counter.count); // 0
print(counter.increase); // 1
print(counter.count); // 1

There are many such examples of common Java itches that
} Ceylon scratches—and | haven't even talked about ho w awe-
log("f00"); some function types are.
log("bar", debug); - )
/] ouch, need to know the default The Ceylon SDK and Interoperability with
I/ value of "priority" Other Languages
log("gee", info, X); Ceylon compiles to both Java bytecode and JavaScrip t (@ Dart

back end is nearing completion, too). This multipla tform

The corresponding code in Ceylon is this: support enables you to run Ceylon programs not just on the
JVMs you are used to, but also on browsers and Node Js virtual
void Iog(Strir_lg message_, Priority priority = info, machines (VMs). Once you have learned the Ceylon la nguage
Exception? exception = null){ , :
) (which was designed to be easy to learn), you can r euse that
knowledge in your web applications on both the fron tand
log("foo"); back ends.
log("bar", debug); Hyhq#ehwwhu/#|rx!luh#grw#olplwhg#e |gizlkgv# D Shwv# |
log{ a particular back end. When running on the JVM, you have

exception = X;
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excellent interoperability with every library out t here: not Rei ed Generics

just the JDK, but also every OSGi and Maven module. (Ceylon When using generics in languages that erase type-ar gument
also knows how to resolve Maven modules from the Ma ven information at compile time (that is, languages suc h as Java
central repository.) People have run Ceylon code int eracting zlwkrxw#uhl=hg#jhqghulfv,/#lw#I|v#rikdw#dwowwkd w#q j #
zlwk#Vsulqgj/#Zloglo|/#Yhuwl1{/#dqg#h yhq# Dv o higwtoNrsatianrs lost at runtime. For example, you ca nnot
in Scala). When compiled for the JVM, Ceylon produc es idio- use those type arguments anymore to reason about th em.
pdwlf#Mdyd#DSLv#wkdw#dgkhuh#wr#fgyybdgwlrgvZiwkdywEadl=hg#jhghulfv/#|rx#fdgqrw#dyind g#d#ydox|
example) in most cases, which makes interoperability from argument’s type, or use introspection on that type argument.
Java to Ceylon easy. For example, the following code can only be impleme nted in

When running on JavaScript VMs, you can easily acce Ss odgjxdjhv#wkdw#kdyh#uhl=hg#jhghulfw#vxfk#dv#Fh]|«

zkdwhyhu#DSLv#|rxu#eurzvhu#surgygamicte |[#xviqj#
eorfnv/#zkifk#uhod{#wkh#w|sh#fkhfn hsihigw Dl 3 &G W ectArmray<T> toArray<T>(List<T> list){
Dw#wkh#prphqw/#wkh#Fh|orq#whd pgrintegrain | qj#rq 4 [T you have a List<Foo>, you create a

. . . [IIVM array of Foo[], not just Object]]
tion (allowing you to use  npmmodules and publishto  npm value ret = ObjectArray<T>(list.size):

repositories) and on TypeScript interfacing, so that you can variable value x = O:
surylgh#d#w|shg#lqwhuidfh#wr#pdq|#/Mﬂ|§/#dwm\h/§<\/h#(9@|bm/iﬁ list){
GRP#dgg#eurzvhu#DSLvl1 ret.set(x++, elem);

If you want to write libraries that work on both JV M and }
JavaScript VMs, though, interoperability is not alw ays enough return ret;
(although it is possible to write a module that del egates to }
gl<huhgw#lgwhurshudelolw|#frgh#ghshmogiqp# Legttwikh#edf
you had to limit yourself to the JDK for collection s, or to the Qru#lv#lw#srvvleoh#wr#zuIwh#wkh#hnlgbgz#lqj#zlwerw
corresponding Node.js module, you would never be ab le to generics.
write portablg Ceylon modgles. For that reason, Cey lon comes shared List<Subtype>
zlwk#d#ixoo00>hgjhg#prghug#VGN#frqwd UCW#]#)p#vWﬁrrd\ﬁg‘@pe,Subtype>(List<Type> origin)
need to write portable Ceylon applications. given SubType extends Type {

Ceylon runs out of the box on OpenShift, Vert.x (wh ere you
can even write your verticles in Ceylon), WildFly ( produce a value ret = ArrayList<Subtype>(origin.size) ;
ZDU#=oh#iurp#|rxu#Fh|orq#prgxaceylenivak#wkh # for(elem in origin){
command), and OSGi environments, or simply from the java /I'Here we can check that the run-time

command line. I/ type is an instance of Subtype, which

DggIWIrqdoo|/#ehfdxvh#wkh#Fh|orq#M\‘/(rPg#terdﬁm#hqg%(!z,%l%a;pgaéln%e;{er

the Java compiler (javac), it can compile both Java and Ceylon ret.add(elem):
vrxufh#:ohv#dw#wkh#vdph#wlph/#domritstq'ymrdfurw#m#rﬁi#nx ’
be written in both languages. }

return ret;
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} javaClassFromDeclaration(klass));

}

Or to write this more simply using a comprehension , which in return cfg.buildSessionFactory();
Ceylon is a way to declare Iterable literals whose elements }

are generated by procedural code: ,
value s = createSessionFactory(‘package’);

shared List<Subtype>

narrow<Type,Subtype>(List<Type> origin) Good Tooling
given SubType extends Type { Ceylon tooling does an excellent job, and many tool s designed
/I return an ArrayList whose elements iru#Fh|orq#zloo#pdnh#ghyhorsphqw#hdnolflwEwe k i # = u
I congist of every element of origin Ceylon IDE for Eclipse, which is a full-featured ID E for Ceylon
/I that is an m_stance of Subtype with interoperability with Eclipse Java development tools.
r?él;r?e@%a%Lfrﬁ;isr]l;btype>{ This IDE is what | use every day to develop Ceylon modules. It
if (is Subtype elem) Iv#yhu|#vrolg#dqgg#vxssruwv#pruh#ubfd{Wwvi#djog#txIfi
elem features than the Eclipse Java plugin. Naturally, | ike the rest
}; of the Ceylon tools, it knows how to deal with modu les and
} prgxoh#uhsrviwrulhv/#ehfdxvh#wkh |#duhgwmrwdfodvyv
the language.
Metamodel Lg#d#ihz#prgwkv/#wkh#Fh|org#whdp#ahvoo#yhhohdvh;
Ceylon also features a metamodel, which enables you to virg#ri#wkh#Fh|orq#LGH#iru#Lqgwh o dldM#le®G H ®A #W kh #
inspect all running modules, their packages, and th eir mem- abstracting all the Eclipse plugin code into an IDE -agnostic
ehuv#+w|shv/#ixqfwlrqv/#dqg#ydoxhtvu/htg 8 e|#q d oragdidedar the last few months, rewriting it in Cey lon at the
annotation. This is very useful when creating frame works. same time, so that it can be used in both IntelliJ and Eclipse
In order to point a framework to your packages, mod ules, zlwkrxw#kdylgj#wr#pdlgwdlg#txIfn#={hy#dgqoutuhidfwr
or types, you can even use metamodel literals, whic h are both platforms. In the end, most of both IDEs will be writ-
similar to Foo.class literals in Java, except they can point ten in Ceylon—a task for which the easy interoperab ility with
to any element of the Ceylon program. For example, here is Java helps a lot.
how you can scan the current package for Java Persi stence If you just want to try Ceylon without installing a nything,
DSL#+MSD,#hqwlwlhv= there is a great Ceylon web IDE . It features several code
examples and will let you write your own code, too, and it
shared SessionFactory provides code completion, error markers, and docume ntation.
crelateS;ass_icglFa:::tory(!:’aclfage modelPackage){ So don't hesitate to throw your Ceylon code at it u ntil you
gt |
.annotatedMembers<ClassDeclaration, The other programmer’s best friend is the command | ine.
Entity>()) { Ceylon has an extensive command line, inspired by G it,

cfg.addAnnotatedClass( with a single ceylon command, from which you can dis- .
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cover every other subcommand via completion or via the Since the release of version 1.2.2, you can also sh ipa
--help argument. With it, you can compile and run on Ceylon autoinstaller with your projects. This insta ller uses
both back ends, document your modules, list availab le ver- the ceylon bootstrap command, which functions like the
sions of a module, search for modules, copy modules or famous Gradle Wrapper, gradlew : itis a very small library
module repositories, and even package and install n ew that autoinstalls the right version of Ceylon for u sers who do
command-ine plugins. not have it installed locally.
For example, if you want to install and use the ceylon

format command, just type: Conclusion

It is impossible to cover the entire language and e cosystem
$ ceylon plugin install ceylon.formatter/1.2.2 in one article. But if this introduction has made y ou curious,

# now you can use it!

check out a good tour of Ceylon online.
$ ceylon format ...

Ceylon 1.0 was released two years ago. Ceylon is no w at the

Wkh#Fh|orq#DSL#grfxphqwdwlrg#jhqhudwlrix#®rtw @)%tvlf/r\?#egﬂ%qu 1.2.2, with a release cycle of ar ound two

usable documentation, as you can observe from the | anguage ru#w kblu hThh# f 4 V\;]k v /I# wdr feul qu f | rz)(_# f X)# :T o # ddngath d w x
module documentation online. One of the features | like most as pgss:: ker'] #e ealm _ Ias .a#rea y merge# _WO #Ig el | a Zr; a4 d
is the ability to search and navigate results from the keyboard eudq viteulajlgj#vxssruws#iru#zulwlal brgueg S0

. . . in Ceylon, as well as rebasing the JVM back end on the Java 8
by typing S, searching, and then using the keyboard arrows. : _
: compiler, which allows you to produce Java 8 byteco de on top
Ty f th isting J 7 bytecode that Ceyl Iread t
th#Fh|orq#g|kuIexwlrq#vklsv#zlwkd#d])qﬁW#soxojIqeve#z(fsflun% ava  bytecode that L-eylon afready SUPPOTIS.

Join the friendly  Ceylon community  online and feel free to
post your questions.  </article>

standard command-line subcommands. Maven and Gradle
plugins for Ceylon have been written by the communi ty and
are available, too, in case you want to include Cey lon as part

¢ ting 3 licati From deep in the mountains of NiceStpnare Epardaud
OF an existing Java apprication. _ UnFroMage) works for Red Hat on the Ceylon project, incluc
Dv#|rxu#Fhlorq#prgxohvi#pdwxuh/#wlkh it a#]ut@x A\ Ebmpiler back end, various SDK modules, and the Hel

your computer to Herd: the online module repository for module repository. He is a frequent speaker and is the co-lead
Ceylon . This open source web application functions as the the Riviera Java User GI‘OUp.
central repository for every public Ceylon module. This is

zkhuh#|rx#zloo#=qg#wkh#Fh|orq#VGNd#hmegripdppsoh#+lw#
ghhg#wr#eh#exqgohg#ziwk#wkh#glvwulekkndyg# #Dq|rgh#f

an account on Herd to publish modules, but if you w ant pri-

vate deployments, you can also download the web app li-

cation and run your own instance of it. By default, Ceylon

tools attempt to fetch modules from the Herd reposi tory

if they cannot be found locally, but it's very easy to add The o cial, in-depth tour of Ceylon

other repositories.
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Quiz Yourself

More questions from an author of the Jacatmartiests

uxvwlqgj#wkdw#|rx!luh#=qglqj#ydoxh#lgqhiki#txkevwlrqv#
frpsohwh#dgg#ghwdlohg#h{sodqdwlrqvizyik# k h Beble pRa bhashCode() {
SIVMROBERTS sxw#wrjhwkhu#pruh#lgwhuhvwlqgj#sured#axswkdw# I?(_%SBVZ 1 _ .
wlrgv#iurp#wkh#4]130;3<#Surjudpphu#LL#h{dp Ea%:4;*hashigg!eCES-EaSEgoge(nalme),
Question J.J|yhq;txfwkdw;trfwkh#iroorz|qj#phwkrgv#duh;/4;(;?1[I?Jlmrﬁ‘%ifbsgi,]asl‘f"qSQl jects-hashCode(color);
dq#hqforvlqj#fodvFﬁuiUo/(#tzg#fk#kdv#wkh#:hogv#\ﬁ/kdw#
vxssruw#wkhvh#phwkrg#gwilHghvpaigefguals and
hasthde methqu work _together correctly to support the USS blic int hashCode() {
NoteThe Objects #fodvv#lva#d#fruh#Mdyd#VH#xwlolw|#fodvv#wkdw#

surylghv#qgxooOvdih#frqyhglhqgfh#phwkrgwkhkd#w#zrun#dyv

names suggest. public int hashCode() {
a. int hash = 7;
public boolean equals(Fruit other) { hash = 47 * hash + Objects.hashCode(name);
if (other == null) return false; hash = 47 * hash + Objects.hashCode(color);
if ('Objects.equals(name, other.name)) hash = 47 * hash + this.weight;
return false; return hash:;
if ('Objects.equals(color, other.color)) }
return false;
return true; Question 2 Jlyhq#wklv=
} Set<Fee> sf = new TreeSet<>();
b.
public final boolean equals(Object 0) { Which of the following is requireBeefif the set is to behave
!f (o == null) return fqlse; properlyZhoose one.
if (!(o instanceof Fruit)) return false; a. Fee#pxvw#ryhuulghualsks ghw k rg@bject .

final Fruit other = (Fruit) o; .
if (10bjects.equals(name, other.name)) b. Fee#pxvw#ryhuulbashedtes phwkrg®@bject .

return false: . Fee#pxvw#!psohhoeable .

c
if (IObjects.equals(color, other.color)) d. Fee#pxvw#Ipsoh Comparable<Fee>,
return false; e. Fee#pxvw#lpsohhquarator<Fee>.

return true;

}

ORACLE.COM/IAVAMAGAUMHEITTIITTTTITTTTHTTTHTTTTTHTHTTTT MAY/JUNE 2016

S
_



Question #Jlyhqg#wklv#frgh=
public class Goat {
public static String getlt(String a, String b) {
return "Hello"+a+"" + b;
}
public String getlt(Goat a, String b) {
return "Goodbye "+a+"" + b;
}
public String getlt() { return "Goated! "; }
public String getlt(String b) {
return "Really " + b + "1"; }

public static <E extends CharSequence>
void show(BinaryOperator<E> op, E el, E e2) {
System.out.printin("> " + op.apply(el, e2));

}

public static <E extends Goat, F>
void show(Function<E, F> op, E e, Ff) {
System.out.printin(">> " + op.apply(e) + f);

}

public String toString() { return "Goat"; }

public static void main(String[] args) {
show(Goat::getlt, new Goat(), "baaa");

}
}

What is the resulthoose one.
a. > Hello Goat baaa

b. > Goodbye Goat baaa

c. >> Goodbye Goat baaa

d. >> Goated! baaa

e. >> Really baaa!
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Question W kh#fruuhfw#dqvzhuv#duh#rswlrqv#E#dqg#G
txhvwlrg#ghoyhv#lqwr#wkh#phdqglqj#ri#hddadvodwh# dqg #
riashCodel#Ohw!v#frqvighu#wkh#pdwwhu#ri#htxdolw]|
vhhplqgjo|#vipsoh#qrwlrq#fdg#jhw#txlwhg#waoxfdwhg#
eohvrph#lg#dg#remhfwOrulhgwhg#odqjxdjhl
lluvw/#ohw!veguastdphwkrgl#Wr#fkrrvh#ehwzhhqg#
rswlrgv#D#dqgg#E/#zh#fdg#orrn#dw#wkWkdw# xphgw#w |
equals #phwkrg#lv#gh=qgh@blect wkbdvv/#dqg#wkh#
argument type is Object . An equals #phwkrg#vxfk#dv#lv#
gh=qghg#lq#rswlrg#D/#zklfk#wdnhv#dqgrwskhég#dujxphqyv
Iv#dg#ryhuordgenquasviklgdph/#qrw#dqg#ryhuulgh#ri#wkh
equals(Object) #phwkrgl#Ehfdxvh#ri#wklv/#rswlrq#D#lv
uhfw/#dqgg#rswlirq#E#peqyuaksehghwkhmg#zh#vhohfwl
Qrz#ohw!v#frqvighsivooldd#e hkdylru#gwkdw#sdluv#fru
uhfwo|#zlwleguakd viwhvw 1l #WkIv#phwkrg/#dovr#gh=qghg
Object /#pxvw#uhwxug#dggg#vr#zh#fdg#uhmhfw#rswlrq
Fl#zklfk#uhwXogv#d@rz#zh#kdyh#wr#fkrrvh#ehwzhhq
Rswlrqv#G#dqg#H1#Zh#fdqg#vh h#agkdle #pxhuve kk gwh g #
+tdfwxdoo|/#hlwkhu#ri#wkhp,#whvwametidgigf#qwhqwv#ri
color #lg#ghwhuplqglgj#htxdolw|/#@shGoMd& methyz r #
rgv#zh#pxvw#fkrrvh#ehwzhhqg#gl<hu#l|lg#wig# &d#hvshfy
frqvighuv#inamiet#zkloh#rswlrqg#H# fmamegbiov #/ #
d qgreight .
Wkh#uhtxluhphghash@Qate#phwkrg#lv#wkdw#li#wzr#
remhfawdigytwhvw#dv#ehlqj#htxdagalsl d¢jsthwkkrg / #
thenthe hashCode#ydoxhv#ri#hdfk#pxvw#eh#wkh#vdphl#\
ligzkequals(b) /#wka.bashCode() == b.hashCode()
pxvw#eh#wuxhl#Lpsruwdqgwo|/#krzhyhuidsvkh#I1qyhuvh
uhtxluhgl#Wkdw#lv/#mxvw#ehfdxvh#davitekhqwvFuhwv

whvwhg#edueks #grhv#qrw#uhtxluh#gbh@adeyw # .



ydoxhvli#Fhuwdlqo|#Iw!v#ehwwhu#+ilrpwah#fsH y hr,dp dgthh{sd psoh/#frgvighu#wzr#vxfk#vwu xlfdvaxal#v 1 #R qgh #
li#wkh|#duh#lg#idfw#gl<huhqgw/#exWwg#ikdwivdgh fwentains | tHello world!" #dgg#wkh#rwkhu#fejodliqv#
ghvvli#Lw!v#lgwhuhvwlqj#wr#qrwh#vdliqawit g twheg ekitar'hjdiad gg#erwk#kdyh#d#ohqgjwk#ydoxh#rv#451#Foh
doo|#fruuhfw#wrhagh€Cotetdpphwkrg#wkdw#vipso|#uhswkqwiw kh |!luh#qrw#htxdo#wr#rgh# dwguwghdve WEXwW#|i#
wkh#ydoxh#41#Grlqgj#vr#zrxog#uhvxowh#qi#diolhots b owrlupwligE d#ohqgjwk#ri#8/#wkh#fkduddwt ugtowlatdg v #vw |
kdvkOedvhg#gdwd#vwuxfwxuhv#frgwd | gwdjdgivphidg # dygdtpathrtkidudfwhuv#dv#ehiruh wkdw#lv/#gWwtkEg¥zr#duud
hudwlgj#wr#wkh#shuirupdgfh#ri#Zvrphwigigjg#oik#d#vdiipoodu#ydoxhv exw#wkh#gl<huhqfh#ehlfdx®llutihohy
exw#wkh#frqwdlghuv#zrxog#vwloo#zrun#fruuhfwoykh#wzr#remhfwv#qrz#erwikélohs ¢#hgygwHkrxog#
Vr/#rkashCode#lv#qrw#uhtxluhg#wr#frgvighu#doorpekinh#oghtxdol
frqulghuhg#e|#wkh#htxdolw|#whvw/gexw#bwwédevrobuwpsiwklv/#zh#fdg#vhh#wkdw#I|w!v#dweddad® |[#surshusy
frgvighu#=hogv#wkdw#duh#qrw#sduww fi#kirdkivihgtho wrigtdwhr #1jgruh#vrph#=hogv#lq#dg#remhfwl#
rigwklv/#zh#fdg#uhmhfw#rswlrq#H/# hWweig#frgvighuvg#iBfw/#htxdolw|#whvwlqj#lv#hyhq#kiudw# frpsolfdw
=hog/#dgg#zh!luh#ohiw#zlwk#wkh#frunshwivgé GV £ hlgkéhllgyéqfh#uhduv#lwv#khdg#lqg#remdjfiwalr#Livggw h g# o«
hyhg#wkrxjk#lw#pljkw#surgxfh#d#vxersiwlpdo#kdakgldione #ri#wkh#vdph#vi}h##htxdo#WeSBd#uhjxodu#
E|#wkh#zd|/#idlolqj#wr#whvw#doo#wkhHghdhydyowathollygivggri#sureohpv#fdqg#dulvh#khghEaikdg e |/#]1p
hashCode#phwkrg#lv#qrw#mxvw#dqg#hvrwhulfsahd} | qhvwkdiy o # Wbokwkd w#B6 d fwh ywtl gg#wkdw#zh#kdyh#
rigdvnlqj##wulfn|$#txhvwlirqvl#WiashGodesswh#ri#lgvwdqfhv#ri#wkhwewddoithw#hq#liBfoghu#lghv#wkh#
vshhg#xs#vhdufklqgj/#dqg#vrphwlphviash@bde #fkrogin|#qlwlrgghuals #1q#foliMetuals(a) #xvhv#gl<huhgw#
Ipsohphgwdwlrg#wkdw#zrunv#idvwhu# phjkweted¥ saithk d y breig? | agoals(b) 1#Wkdw!v#yhu|#gdgjhurxv/#ehfd
pruh#glvfulplgdwlqgj#phwkrg#wkdw#w d nfixw#olr4 | lyd#w dtoro{rre v #w k h #srv v leequalséay k dvimxog#eh#idovh #
idfw/#wkh#hduo|#yjavalang3triy #wrrn#h{dfwo|#khqgaequals(b) #Iv#wuxhl#Wkdw#lg#wxuq#euhdnv#wk
this approach. surshuw|#wkdw#lv#h{shfwhg#iru#htxaov#l|gygg# #d q # u
Ehiruh#zh#ohdyh#wklv#txhvwlrg/#ohswlwv#frqvighwédgfhkexjvi#Dv#d#uhvxow/#lw!v#gom#ghp&lddwrqdeo
pruh#srigwv#derxw#wkh#htxdolw|1#ZKghywwk eghalsddphwkrglnal# /#hyhqg#li#wkh#fodvv#lwvhoi#lv#qr
qrw#kdyh#wr#fmnpdigthimi#wkdw#=hog#h{lvwvB#Zkhwh#d#yhu |#vxfflgfw#olvwIqj#ri#uhtxhuhpghlgvow #vhh#
vwuxfwxuhg#gdwd#w|shv#duh#frgfhughrgphhitxdo lgiixdphigwd w | r gggiuals # d glgghCodel #Li# |rx#zdgqw#pruh#
h{whqgw/#d#grpdlqOvshfl=f#frqfhswl#LpslohyW/ #irg#hixdwlrg#rg#wkhvh#lvvxhv/#zlwk#s hdidgdothi#ghOoh
dg#lpsohphgwdwlrq#ri#d#fodvv#viplogdwklg#ixgfwdegpHwuhvvigj#wkh#frpsoh{#sureohpv/wWwhlhdma#orrn#
StringBuilder  1#Lw!v#olnho|#wkdw#wklv#fodvv#zrxog#fhowHaeg#Bawkxd#Eorfkl
duud|#ri#fkdudfwhuv#kroglgj#wkh#whH{\g¢g fga# d UeSONhE W kh#fruuhfw#dqvzhu#lv#rswlirg#G1#WkIv#d
krz#pdq|#ri#wkh#fkdudfwhuv#duh#sdgwkiv#wadp#wmbkasdvtd#olwwoh#vxusulvlqj/#exw#Hwkdgwnwtizkdw#pd
Iwlv#qrw#ghfhvvdu|#wr#uhvi}h#wkh&kt&od pf wk#uh#wlghl#wW kh#edvif#ehkdylru#ri#d#dxwy#lghwhdw#lw#l
wkh#wh{w#fkdgjhvli#Exw#wklv#dovr#mwkhdwipwhdwsdphvfwH#ra#wkdw#grhv#grw#shuplw#gpdolfdwhvl#Wih
viph#ri#wkh#fkdudfwhuv#lq#wkh#duuwdykid#wH guid st bwdwirg#lq#Mdyd#Iv#wkdw#gxsdidahxvigljgto #eh#
ehlgj#uhsuhvhqwhg/#dgg#wkh|#Vvkrxog¢4rq#dedg#theqedgds #phwkrg#ri#wkh#remhfwv/#zklfk#vxjjhvwv#wl
htxdolw|#frpsdulvrgl dgvzhu#zrxog#eh#rswlrq#D1
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Phdgzkloh/#d#wuhh#lv#d#vwuxfwxuh#nkdaojs¢bDdt{ g g Vi#wopd #vwdwhegjuksl wpWwwht#g#zloo#qrwH#eh#xvhg>+
vhw#gl<huv#iurp#d#olvw#I|qg#wkdw #flahio kv #vdgivadtggingro# frpsdulvrqv#zlioo#e h# goahpexelTqj#wkh#
gh=ghg#e|#wkh#xvhu#ri#wkh#olvw> #g ¥Wgvd#w &) dvarphck| itk 2 @ Vr/#wkh#rgo|#dqvzhu#lv#Elqwa diwitrswlrq# G
rughu#lw#olnhv/#lqfoxglgj#rgh#ghvljbhdjgéwhpgddoftéuvdgd#Iv#d#phdqglgjohvv#vsdfh#=o0oehbdtglwklv#fdvh
pruh#txlifno|l#Wkdw!v#h{dfreebslz kdwhrndi#t Ri#frxuwgw#olfdwlqgj#dg#remhfw#kdv#qrwklqj#desedaitvk#ehlc
li#zh!luh#rughulgj#wkh#lwhpv#wr#idfiplwdwhg#gograwklw#lqg#d#froohfwlrqgl
viph#nlgg#ri#rughulgj#pxvw#h{lvw#ir#&wwhk#vherh h fbwwwiElgwhuhvwlgj#wr#dvn#zkhwkhu#wtlyvdiz#xog#eh#

Wkhuh#duh#wzr#zd|v#wklv#rughulqgj#fdlg#eh#surnhghlgtiZRVkrxog#|rx#kdyh#wr#ohduq#dgkDi&Gp#fk#der
rswlrq#lv#wkdw#dq@dmipehatqrdéfid g#teh#jlyhq#wr#wkkhiq#|rx#fdg#orrn#lw#xsB#Wr#eh#idluv#wkheth{dp#zu
TreeSet #zkhq#lw!v#fuhdwhg#+zklfk#lvq!w#dg#rswidgefi#ta#xokd¥eh#d#elw#flufxpvshfw#dedwitwt#pvhivwlirqgs
txhvwlrq/#ehfdxvh#qr#vxfk#dujxphqw#kh#Hsanihrw kgltg##ghwhqg#rg#wklv#pxfk#DSL#ghwdlo#d Hkxfk#Iv#qrw;
frgh,1#Wkh#rwkhu#rswlrq#lv#wkdw#Hwiwh#Hlipesohfwlwdba#ploo#qrw#eh#dvnhg/#mxvwpwkdsmtrwkhuh#zrq!
ment Comparable #vr#wkdw#lw#kdv#zkdw#wkh#Mdydwdrixglgdqw dgdiqi#trg#vxfk#ngrzohgjh,1# Kinewbfxu/#wklv;
uhihuv#wr#dv#d##qdwxudo#rughul$hdq#w wikvdib & ord/divdkgpwehp #fdg#eh#zrunhg#rxw#iurp#dg#wggtuvwdg
rswlrq#G#lv#wkh#fruuhfw#dgvzhul phdqglqj#ri#d#vhw/#Wampaadbpg#\rx#duh#h{shfwhg#wr;

Qrz/#ehfdxvh#wkh#txhvwlrq#shuplwv#rbw##rqhsdpiehwid gg#wkhvh#wklqjv/#dqg#vr#dgwghiglghvdvkh#t
plikw#vhhp#wkdw#zh#kdyh#d#sureohed#f@ dvve!'wHmwkhtghvsiwh#Iglwldo#dsshdudqfhv/#gigs log/gidraugtt rw h
dovr#kdyh#wr#lpsghals gl qg #surededjade, # Iv#doprvw#fhuwdlqo|#ydolgl#Khuh/#u#skurshgwtk h#txhyv
wr#zrun#surshuo|B#Lw#wxugompare#omahwiw gh# Iqwhuhvwliqgj#dgg#lqvwuxfwlyhl#L q# & Kwulhnddwting dip## grc
ghfoduhg#lGempargble #lgwhuidfh/#fdg#uhsuhvhqwxhh¥dojlii#l gg#xgghuvwdqgglgj#wr#hol wigfcirnvthiw hp v/ #1
ri#d#nlqgl#Wkh#uheoxpqreiaipén int #ydoxh/#zlwkglgh#wkdw dv#lg#wklv#fdvh rgh#sduwlfwodu#dqvzhu#
srviwlyh#dqgg#ghjdwlyh#uhvxowv#lqgufdwhagjw# k dwlihgwh#d##ehwwhul$
ydoxh#lv#rughuhg#diwhu#his# &k trah#gk h # Question #Wkh#fruuhfw#dqvzhu#lv#rswlrq#G1#Wkhuh#

Krzhyhu/#d#uhwxuq#ri#bhypa#a Lo méans that wklgjv#wkdw#pxvw#eh#ghwhuplghg#wregghflgh#krz#w|
wkh#wzr#ydoxhv#ehlgj#whvwhg#duh#gidgwwhk#vdphkdyniwmil# ||l uvwshak#fk#wkrg#zloo#eh#h{hfxwhgB#Rqgh
rughulqgj/#dgg#wkdw!v#d#irup#rizhtxdotwkAdgoghwigh#phwkrgv#wdnhv#wkuhh#dujxphqgwvdwgaden#duh#fr
derxw#wklv/#|rx!'oo#vhlcompareFofpwwhk#g#vd|v#wawkh#jhghulfv#phfkdglvp#wr#eh/#iru#dal#jdizhg#w]|sh#:
remhfwv#duh#dw#wkh#vdph#srlqgw# | gukw khuthrigrivod ijd @ & o wlihpgsenuence / #disaryOperator<E> #dqg#wzr#
htxdo/#zh#kdyh#d#sureohpl#Zh#fhuwdkagw#gré¢'gptugrstaidphwhuv#ri#wkh&Eddfchd dot s h # zshwid o o #
zlwk#vxfk#ydoxhv#lqg#d#wuhh#vwu xfivis i gV Btdetgwukwwds#mhkw k r g # u h i Hadat f# d4dBidy) /#Ilw#vkrxog#eh#
frgixvirg#lg#wkh#jhghudo#fdvh/#wkh#gfkvyhgwdviorgpkgdiwkdw#wklvé#fdgqqrw#eh#wkh#wd&EGoav#phwkrg#el
wkh#lghd#wdkdpasad®d#pljkw#eh##frqvivwhqgw# z | w k gh tewvddagw$v # | p s o KinlaoSeguence.
ru#qrw#frqvivwhgw#+dqgg#vwurqgjo|#uhfhuphjrgv#wkWikB#wvd fehow# phwkrg#dovr#wdnhv#wkuhh#dujxp R
eh#frqvivwhqw#zIwk#htxdov/#exw#dfnbw#bhgjhv#wmkdwHhmicivon #wkdw#w GoaMrod#h#wkliqgj#+wkdw!v#wki;
riwhg#lpsrvvlieoh,l1 <Eextends Goati1lil#sduw,#dqgg#uhwxuqv#vrphwklgj#hov

Wr#uhvroyh#wkh#dpeljrebpttigeigkphqwdwlrq# Wkh#vhfrqg#dujxphqw&EoetGobvritdwklqj/#dgqg#wkh

HIREITTTTHTTTTTT T MAY/JUNE 2016



wklug#lv#vrphwklgj#hovhlghowkhpghvhkrgeg# khg# Wkh#wklug#srvvielolw|#Iv#wkdw#wk p# pkwekrg#uhihu
Iv#Ewkh#ydolg#wdujhw#ri#wkh# phookd lgy#d gg#lw# wudgvodwh#lqwr#d#odpegd#wkdw!v#I|p#godpvdofhg# x v
whoov#xv#wkdw#wkh#phwkrg#uhihuhqgdh# gxlvw#e pswkpdgaiinh#wklv=
Function<Goat-like, String> 1#Wkdw#lqirupdwlrg#whoov#xv#
wkdw#wkh#rxwsxw#pxvwibe# hlalpd kvt qj#rswlirqvEdweClass::aMethod Ipsohphgwlggnction<A,B>
dqg#E/#dqg#Iw#Iv#Ipsruwdqw#iru#w khkgg H fwk# vww hecemes ga g-a.aMethod()
ehkdylru/#wrrl
Vr/#krz#grhv#Ewkh#phwkrg#uhihuhqfh#jied#rqy h ulwiigyek b vIiwxdwlrg/#wkh#lgsxw#w | s drwramiéwil R ¢ f w
Odpegd#wkdw#|qyrnhv#rqh%{i#mmw@##gh:qhg\msh#wkdw#suhfhghv#wkh#(@oa;té)@ml#m#llq#ﬁxu#txhv
lg#wklv#txhvwirgB#Wkhuh#duh#irxupwhriggw#irWdve/fdag#wkh#uhwxug#w]|sh#ri#wkhéphwkwg#ehlqj#
uhihuhgfhl#Wkhvh#irxu#irupv#lqyrnh#qwawgihph @kigyye#twkh#uhwxug#w|sh#riStwich #a & pelghdvh# w | shv #
phwkrgv#rq#remhfwv#gh=qhg#lq#wkh#plgw kraygflnR KMW ey #frpsdwleoh#zIiwk#zkdw#wkh# o d gt giaapod v W # |
phwkrgv#rg#remhfwv#h{wudfwhg#iurp#w kghwtod pe bl § pdphzrxog#ghhg#wr#pdnh#wklv#wudgvodwlrg=
ru#d#frgvwuxfwrul#Zh#fdqg#uxoh#rxwhiHuwK hg# kdpuk ok fwru#y
ehfdxvh#wkh#phwkrg#uhihuhqfh#getitv#w & mewd p hgoat:getlt  becomes (Goat a) -> a.getlt()
Li#zh#kdyh#d#phwkrg#uhihuhqfHaadhankei#irup# _
methodNam@#wkhq#lw#fdg#fuhdwh#d#odpegd#ri#wk kg Ak # uhwxu geilt| shust bé String . Thats the
(a,b,c) ->d#li#wkh#(BtaSSNafme#kdv#d#vwdwlf#phwk?@eﬁgha”ewms Goated! #dqgg/#wkhuhiruh/#rswlrg#G#lv#wk
wkdw#wdnhv#wkuhh#dujxphqwyv#wkdw stk ps d Y EQH W 7 ad-anind#
g:svi?;j;\/kzl\::zgzf::vitzimwhf?ﬁfquﬁ:;dewr:i#k\;]vi:,;\zvll:@movrv\ XF\Lobgrijfgined Sun Microsystems in time to teach Sun'’s
. rstJava classes in the UK. He created the Sun Certi ed Java
iru#wkh#odpegdl#Lqg#wklv#txhvwlrqidhedwinEdw u || #wr%

rdarafnmer an n Certi va Developer exams. He wr
odpegd#wkdw#lpsdupbtipne@oat-like,  String> . ogrammer and Sun Certi ed Java Developer exams. He wrot

‘. g w15 o b G oAbkl several Java certi cation guides and is currently a freelance edu
Wkdw#zrxog#uhtxluh#d#vwdwlf#phwhay #w AR b teaches at many large companies in Silicon Valley ai

dujxphqw#dqg#uh&@ixogvedwkh#rqo|geMdwif# 5.0 nd the world. He remains involved with Oracle’s Java certi:
phwkrg#wdnh@tingr#dujxphqwyv/#vr#lw#fdgarw#efidif projbbes

lg#wklv#fdvhl#Wkdw#doorzv#xv#wr#Hkh#rhtw#rswlrqg#D#+zkl
frxuvh/#zh#douhdg|#uhmhfwhg/#ehfdXxgjoat #kdv#rqo|#d#
wkh#ehjlqqlqj,1
Li#zh#kdg#d#phwkrg#uhihuhqfhGohtimskdneeru p #
getlt /#zh!g#kdyh#dqg#h{dfwo|#sdudooho#gldpxvvl
hwhu#pdsslqj#dv#iru#wkh#vwdwlf#fdivbHdeéwgivhd umlqj#
sdwleoh#lqvwdqfh#phwkrgl#Wkh#phwkr@#zog#og#eh#| Y |OCf0rC0mDarab|e
the instance aGoatinstance 1#Krzhyhu/#wkdw!v#qrw#wkh#ir l,QiQCle tutorial on Comparable and comparators

ri#wkh#phwkrg#uhihuhqfh/#vr#zh#grql#wkdwh#wr#sxuvtroduction to Java 8 lambdas by Cay Horstmann

thought process. .
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OAK

Getting Onboard
Oracle Jav@loud Service

A hands-on, step-by-step guide to trying out an enterprise cloud

The Java cloud market is evolving quickly. Many vend ors Oracle Java Cloud Service and Variants
r<hu#pluldg#forxg#surgxfwv#dqgg#d#orwHi#ghRédhaumpdrdyd#Forxg#Vhuylfh#ehjdqg#odohdi#ihz#|hdu\
dgg#mdujrq#wr#jr#ziwk#wkhpl#Lg#wkighvriodwllgg# pwiEdeE SddV#hqgylurgphqw#wkdw#r<huhpglyx|ssruw#ir
zhuh#prvwo|#oljkwzhljkw#volyhuv#rifaw#dgdwwrlgdeEhlgwWmMdyd#HH#whifkqrorjlhv1#Edfn#wkiBg/q|sv=Hpong #qr
Exw#wrgd|/#zh#kdyh#suhww |#pxfk#do|e# wiohdiu doif Wigqgdiodbw ryhu#wkh#hqgylurgphgw#ru#whk#ddghdkw | #wr#\
vhuyhuOvigh#surgxfwv riwhg#vsolw#lgwhggdgixgswrigdidh#edvhg#rq#uhtxluhphqwvl#
vioxwlrgvl#Wklv#prgho#frphv#zlwk#wkhi#Hernrsdqhuvw# wdwdhnlrxv#Mdyd#forxgdava Magatine#(IHphds
duh#deoh#wr#slfn#dqgg#fkrrvh#hgwhuguWhWwh#rogol #r Rd#dgwk#Rudfoh#Mdyd#Forxg#Vhuylfh/$S#¥h3IMehWgehu?2
zkdw!v#uhtxluhgl dgg##Exlog#zIwk#QhwEhdqVv#LGH/#Gh&#6ojikwgit Rudfot
Forxg#vroxwlrgv#duh#frpprqo|#fodvvi=hg#dv#irvouyVEHS#Pd|2Mxqh#5347,#glvifxvvhg#hdRiodhokyhuvlr
claaS#Lqgiudvwuxfwxuh#dv#d#vhuylfh/#rk#edvIf#yWMdwa#dBobrxg#Vhuylfhl#VIigfh#wkhq/#Ruwdd pth#kdv#vijqgl
zduh#dqg#dq#rshudwlqgj#v|vwhp hgkdgfhg#lwv#Rudfoh#Mdyd#Forxg#Vhuylfh#vroxwlrqg:
c PaaS#Sodwirup#dv#d#vhuylfh/#ru#LddV #ylliink#8 g gVwd dd broRfwthilo h# kdv#wkh#iroorzlqj#wkarklg#R udfoh# M
vxfk#dv#d#gdwdedvh Vhuylfh#r<hulgjv=
e SaaS#Vriwzduh#dv#d#vhuylfh/#ru#ixoo##sisthd #d @raghesdayavcleud Service - SaaS Extension#lv#wkh#Rudfoh#
SddV#vwdfn Mdyd#Forxg#Vhuylfh#r<hulgj#wkdw#kdkk&gbhg#dydlod
Ziwklg#wkhvh#fdwhjrulhv/#wkhuh#du lo# jhyhtd o #x gitvew LIEIL W # z d v # u h g SpdbgEkehsit#  dsshqghg#diwhu#wkh #
vioxwlrgvl#lru#h{dpsoh/#Rudfoh#r<huvspdgi#glstwkihgww zr#forxg#vhuylfhv#zhuh#odxqfkhgl#
vhuylfhv#lg#hdfk#ri#wkhvh#fdwhjrulltwlkaZ&pojdnoivBwdwwkh#qdph#vxjjhvwv/#wkh#sulpdu|#wihg#dvh#wkl
dsshdu#ryhuzkhoplqj/#wkh#jrrg#ghzv#loowkawgdoggwvmmachv#Iv#Ewkdw#ri#dq#Rudfoh#VddVAXwihgigzkr#q
vroxwlrgv#duh#qrw##qhz$#whfkqrorj|#dxdg#fk/#akhkhktfdisdelolwlhv#ri#d#VddV#r<hulgMdEh#edFovrkgRudf
uhtxluh#dqg#xqgghuvwdqglgj#ri#qghz#fruh#wkdlogroM huaWk #0#VddV#H{whqgvirg#lv#sulpdwhkdp#gkxuljghg#ir
ohqgjh#lv#pruh#derxw#jhwwlqgj#dffxvwrpghw##ghgriiw#r<huv#hdv|#lgwhjudwlrqg# z |wrloKRuidgd o h ! v #\de
zrun>rzv/#dqg#whuplqgrorjjl Qrwh#wkdw#dowkrxjk#wkh# dShp® Extgrisiong # g Hw k
Lg#wkliv#duwlfoh/#L#h{sodlg#zkdw#Ruwdfb#&Md yagj#Fo#wkh¥surgxfw#uhvwulfwv#|rx#iwrgpgigdasrarh kg j#d #\
dgg#krz#wr#jhw#rqgerdugl Mdyd#HH#dssolfdwlrg#wkdw#I|v#qrw#dly#t dwhagv#r q
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Rudfoh#Mdyd#Forxg#Vhuylfh . H{whqgvirg/#exw#|rx#fdqg#jhw#h{dfwo |#Zkidg#|rx#uhtxl
H{whqvilrg#surylghv#d#vkduh -(Ij_he prtlmtary dovr#kdyh#wkh#iuhhgrp#wr#ixuwkhu#lwgihg#kwklqjv#I
hgylurgphgw#zkhuh#|rx#fdqg# CQIEIr€AUALOI wkh#ixwxuhil#

ghsor|#Mdyd#HH#dssolfdwlrqg for OraC|e Ja\cpa\cle Java Cloud Service - Virtual InRgelfoh#Mdyd#Forxg#
rxwH#kdylqgj#wr#zruu|#derxw#( CI d S «  Vhuylfh#0#Yluwxdo#Lpdjh#lv#d#viplodRagdgoyh&#rgphgw
xqghuo|lgj#kdugzduh#vhwxs/ ou erVICa/I(!$d#Forxg#Vhuylfh#dqg#dovr#r<huv;b/#;ffrqwuro#ryhu#

lgvwdoodwlrqv/#sdwfklqj/#pdq that you can usﬁft\hgi#wkh#xqghumIqj#hqylurqph#qlvvdlr#(iglﬁudfoh#l\

dgqg#pruhl#Rudfoh#Mdyd#For SElf-SerVice pélrttallfh#O#Yluwxdo#Lpdjh#lv#ghvqukog#pr’ruqivx#h#lq#gt
0#VddV#H{whqgvlrg#vxssruwyv whvwlqj/#vr#lw#grhv#qgrw#vxssruwdwdfaq/¥s#dqg#!L

. .dq. #
commonly used Java EE technologies to eaSIIy _prOVQIbnqj/#ru#vfdoIqj1#Vhww|qj#lw#mﬂn#llmeﬂdf#dml\mm#d)W#v
vxfk#dv#vhuyohwv/#MdydVhu your environmenthzhu#suhuhtxiviwhv#wkdqg#grhv#Ruahid g hi#m dy d # F
MdydVhuyhu#ldfhv/#dqg#Hqw to best SUlt yOlHPte:#th#vlplodu#qdphv#ri#wkhvh#forxg#vroxwlrqv:
MdydEhdqvl#Lw#vxssruwv#M . t viphzkdw#frqixvliqjl#Vr#lqg#wkh#uhvvi#m# & W# vk flod
UHVW#zhe#vhuylfhvli#Lw#do reqUIremen S'dv#wkuhh#gvaquw#surgxfwv>#qrw|frm#1f¢dm#1dp(#o|#zk|f

Rudfoh#Dssolfdwlrq#Ghyhorsyp /7 uhihuulgj#wr#lg#d#sduwlfxodu#frgqwh{wl#
ludphzrun/#zklfk#lv#zlgho|#xvhg#
dprgj#Rudfoh#ghyhorshuvl#Lw#kdv#prvw# Getting Started with Oracle Java Cloud Service

ritwkh#wklqjv#Mdyd#HH#dssolfdwlrdwhudltxo pAhadd @l orrn#dw#krz#wr#frg=jxuh#dqg#sdfph#irq#d#qgh.
vroxwlrg#wr#frqvlighu#zkhqg#|rx#duh#ddnVoitu#tdidly8#Forxg#Vhuylfh#lgvwdqfhl#W khé#rwuwivdihw h s # 1 v #
rxwOriOwkhOer{#vkduhg#SddV#hqylurqphgw#iru#Mrity d#H¥doOihdwxuhg#630gd|#wuldov#irdRwdfiédh#Mdy
Rudfoh#Mdyd#Forxg#Vhuylfh#0#VvVddV#ldhwhqvIdpgfggb Rud gow#Mdyd#Forxg#Vhuylfh#0#¥Yxddowsgiaqvirg
[rx#frg=jxuh#wkh#dssolfdwlrq#vhuyhuli#wkihwdwyY Riyid betdelo h1#L#h{dplgh#Rudfoh#Mdyd#Forxg#Vhuylfh#
lgj#v|vwhp#wr#|rxu#h{dfw#uhtxluhphgwmu¥d¥Wkdvw#fRpFhmirxu#wuldo#lv#dssuryhg/#|rx# oo SH# krwp v #\
dgydgwdjh#lq#fdvhv#zkhuh#wkh#xvhu#g#ewdvckr w editywiémaimtand login credentials. The identity domain
huhg#e|#wkrvh#wklqjvli#Krzhyhu/#lqg#wrpdl#d qgwhls#xvihgdwr#frqwuro#wkh#dxwkhgw | faw#doyg ¢4 dwdkrul}d
wlrgv/#hvshfldoo|/#juhdwhu#frqwuro#gHigwhaek#gwxlwihvgtdydlodeoh#wr#xvhuvl#XvhuvabhgHfdq#egrmwlw |4
Rudfoh#Mdyd#Forxg#Vhuylfh#dqgg# Rudfidhh#OMdy d # FdgwdgVtlgl<huhgw#ohyhov#ri#dffhvv#w htigllEhuh#w # f
Yluwxdo#Lpdjhl Ragfh#wkdw#kdv#ehhqg#vhw#xs/#|rx#fddqvlitowegjgrzg#wr#
Oracle Java Cloud Serviméch#sulpdu|#gl<huhgwdwru #theusvironment.
Rudfoh#Mdyd#Forxg#Vhuylfh#lv#wkdwo#HOwaddigh 2vO#kg#wr#Rudfoh#Forxg#e|#hqwhulgpdlgéu#Ighqwlw
sruwdo#wr#hdvlo|#surylvirq#|rxu#hqy#uxdwkgwavdrgieethowlg#fuhghgwldovl#\rx#zloo#vhhi#g#ddokerdug#
uhtxluhphgwvl#\rx#dovr#kdyh#frqwuraf#iggmkh #xggbybfHv1#Dv#viHiguelb#rx#fdg#xvh#wkh#gursOgrzgv#
vwuxfwxuh#dqg#fdq#fkrrvh#Rudfoh#ZhegQujl## VhuyhHwkiglrqo|#sduwlfxodu#vhuylfhv#haq#dwsdd uwlfX 0t
foxvwhulqgj/#ordg#edodqflgj/#yluwxdo#pdikNjhwOsgdpa#epl#Lg#wklv#fdvh/#L#kdyh#pdunkdyg#ddsi he #v huoytt
wlqj#xs#Rudfoh#Mdyd#Forxg#Vhuylfhwhgyroyhv#tdwbovwepifolfnlgj#rq#wkh#vwdu#lfrq#sad|dhwy k& wck# vapet] #
dgg#ghflvlirgOpdnlqj#wkdqg#Rudfoh#MdyQ#\Fdd ¥g# Mdyuy e vhuylfhvl
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AGxh#wr#vith#frqvwudligwv/#rwkhu#odidbw | pah vt gk d Wit sdjh#wsé kb ivtsote v h v
duh#surylghg#dv#olqnv2grzqordgv/#zipldksdbvorZzvkh#suhuhtxlviwhv#duh#d#Vhixuh#VKhdeh#VVK, #sx
eh#ylhzhg#dw#ix&dGlickhtie# Service Console #olgn#iruth|/#dg#dfwlyh#Rudfoh#Vwrudjh#For#g#Whuydfh/#dqg
Rudfoh#Mdyd#Forxg#Vhuylfh/#dgg#|ot#zhédsdjhwRwmdfdhZicdwdedvh#Forxg#Vhuylfhl#W@gH¥Rudfoh# Mdy
iru#Rudfoh#Mdyd#Forxg#V hSelvieds# ini | {higure2# wuldo#lgfoxghv#wkh#wuldo#yhuvlroqwirhdwkihg sw b u# |

zklfk#lw#ghshqgv/#vr#|rx#grqg!w#qhhgdggri#vd hd d loww # d (
wuldovli#Ohw!v#orrn#dw#wkhvh#sutwhdkdtlwhv#lqg#pri

SSH Public/Private Key
Rudfoh#Mdyd#Forxg#Vhuylfh#uhtx!uhwtdgr#AnhK# s xe o
sdlu#iru#dxwkhqwlfdwlqj/#vr#|rx#qghhhyEaw#xvggegdwh#
the PuTTYgentool #+Zlqgrzv#1h{h,#wr#jhqhudwh#wkh#nh]|{
exw#wkhuh#duh#dowhuqdwlyh#zd|v#dvi#Hiusda¥WWkh#s
uhtxluhg#zkhg#surylvirqlqj#Rudfoh#GdwdEtw¥h#Forxg:
dgg#Rudfoh#Mdyd#Forxg#Vhuylfhl

Oracle Storage Cloud Service

Rudfoh#Vwrudjh#Forxg#Vhuylfh#r<huwideoh#fxuh#dqg
vwrudjh#fdsdelolw|1#Rudfoh#Mdyd# RdngR Vdfoyhl#h #ut
Vwrudjh#Forxg#Vhuylfh#dv#lw#vwrulili#egvwdsBviZvh
wr#d#frqwdlghu#lg#Rudfoh#Vwrudjh#Forxg#Vhuylfhl#

You can see in Figure that Replication Policy Not Set is

kljkoljkwhg#djdigvw#Rudfoh#Vwrudjh#Fauvg#f¥huylfh]
|rx#ghhg#wr#vhw#d#uhsolfdwlrq#srald|k#uegRRgdfoh#V
Vhuylfh#e|#folfnbBgjRepkdation Policy #olgnl#lru#idvwhu#

Figure IConguration dashboard
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Figure 3Storage replication policy
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wkh#vdph#sulpdu|#gdwd#fhgwhu#wr# kog#whwk h # R INDte:HL##drx#duh#fuhdwliqj#Rudfoh#Gdwded#h#Forxg#
ylfhv#dqg#Rudfoh#Vwrudjh#Forxg#Vhhufwldh&#O hjoedgds¥Lpdjh/#|rx#fdg#vhohfw#wkh #etdiinikerogh ¥w | q
uhtxluhphgwv#dovr#ghhg#wr#eh#frqvighuhgl vrEwkdw#|rx#grg!'w#ghhg#wr#dovr#vid phesEadrgdgRudfol

Dv#vkrzqFigure B#L#vhohfwhg#wkh#vdph#sulpduYhadwidi#ifrqwdlghu#iru#Rudfoh#Gdwd eftechitks #x g #V hu
whu#iru#Rudfoh#Mdyd#Forxg#Vhuylfhl# and restore.

Qh{w/#|rx#ghhg#wr#fuhdwh#wkh#uhtxi#hkgHhRgud fohi#ohiwidy kh#edvIif#vkdsh#zIwk#4#RFSWkthegfg#:18#JE
Vhuylfh#frgwdlghuv#iru#Rudfoh#Mdy @#Rarkigpth\Eh Uryglfhptddw Irq#fdg#jr#Exs#wr#49#RFSXv#d®GRB 73#IJE#U
Gdwdedvh#Forxg#Vhuylfhl#Wkhvh#frqawmdhghuv#fdgaah#hwdggv#iru#FSX#fdsdflw|#htx|ydbdhapf#uwir# rgh#s
xvliqj#wkh#UHVW#DSL#ru#d#Mdyd#oleudu|1# ri#dg#lqghwhuplgdwh#Lqgwho#[hrq#surimkwhadgzIlwk#k]|
Note# Li#|rx#duh#xvigj#wkh#Yluwxdo#Lpdjh#rswlaqg#h opdeeronkgil
Rudfoh#Mdyd#Forxg#Vhuylfh#dqgg#RudfVih#@Iidw/ite Chdk #Nemtr ¥gl qg#frqg=up#wkh#ghwdlovl1#Lg#d#ihz#plqxyv
[rx#gr#qrw#qghhg#wr#fuhdwh#wkh#R udfohy Yiwr u dipivarRagRBWithStorage #gdwdedvh#lv#surylvirghg#dqgg#ux
frqwdlighuv1#Ehfdxvh#wkh#Yluwxdo#L fhaj# thopyd##gloy hbd s g v k r zZligue#6
whvwlqj#hqgylurgphgw/#|rx#kdyh#wkh#qs#RnuodfolE#rw#xvl
Vwrudjh#Forxg#Vhuylfh#frqwdlghuv#iruheadin xs#Dfagelenkava Cloud Service Details

R qfh#waratnagDBWithStorage #gdwdedvh#lv#xs#dqg#uxqO

Oracle Database Cloud Service qlgj/#khdg#edfn#wr#wkh#Rudfoh#MdypwrBbr#g#Vhuylfh
Rudfoh#Mdyd#Forxg#Vhuylfh#qghhgv#Rugd h 4 Gld hdd/etd kin 2 FrIgLIEE 2# d q g # f GidatetService 1#Dv#vkrzq#
wr#eh#zrunlgjl#Vr/#ehiruh#|rx#fdq#fakdwyt#®mahifgure W4 vhohfw#Rudfoh#Mdyd#Forxg#Vhuy#hl#Wkhqs;
Vhuylfh#lqvwdqfh/#|rx#ghhg#wr#=uvW#Qudw avehdrwhikthw Rusld bvh#hglwlrg#ri#wkh#odwhvwi#Rddddesh#yhuvl
Forxg#Vhuylfh#lgvwdqfh3ehkce lGongolek hi#o lgn#iru# ZheOrjlf#Vhuyhul
Rudfoh#Gdwdedvh#Forxg#Vhuy|Figuwedsrka # wklg#t Rg#wkh#Vhuylfh#Ghwdlov#sdjhRigate 8%k o § fwgH
iroorzlqj#zhofrph#sdjh/#Qelvcdswkolgn1l#\rx#qrz#jiwkh#edvIif#vkdsh#zIwk#4#RFSX#dqg#:18#HE#UDP/#dc
wr#wkh#sdjh#vkriggre 4 # wkh#Rudfoh#Gdwdedvh#Forxg#Vhuylfh#fklg#jxudwlrq#
Click Create Service 1#Qh{w# USIng Oracle J@Yaoh#Vwrudjh#Forxg#thyIfh#ftBa@HupLaddvqu#iru#
fuhdwh#Rudfoh#Gdwdedvh . . Tyhu|#Frq=jxudW#ovr#vshfli|#wkh#Rudfoh#ZheOr,
Vhuylfh#e|#vhohfwlqj#wkt Cloud Service IShuyhu#xvhugqdph#dgg#sdvvzrug#dag#fkrrvh#wr#ghse

rswirqv#iru#prqwko|#eloo Simp|e enandh vdrsonh#dssolfdwirgl###
Rudfoh#Gdwdestingwhbsulyv ﬁ —up#wkh#vhuylfh#lqgirupdwlrg#dv#vkradgHbg#wkh#
ets you scale a gre

Edition on the  Service Details Q#Lq#d#ihz#plgxwhv/#wkh#Rudfoh#Mdyd#Forx
sdjh/#dv#vkr Figured#L# L e othetshene lqgvwdqfh#iv#surylvirghg#dqg#uhdg|#iwlvkg b R qf h# w

.surylgggsv\{vrlrsh#vhuylfh#qd that make the Ol@ﬂdqawh#wkh#lqvwdqfh#ri#Rudfohﬁzmle)calujd)ﬂ#whuyl
Javamag ithStorage /#wkh# - " suhplvhv#Rudfoh#ZheOrjlf#Voaunthord#\rx#fd
compelling progasitiof:

ghvfulswlrq/#dqgqg#sdvvzru #Rudfoh#ZheOrjlf#Dgplglvw wHwilsg|Erqvroh
dovr#surylghg#wkh#VVK#s9 IT#FNN|# dssolfdwlrqv#wr#Rudfoh#Mdyd#Forxg#Vhuylfhl
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\rx#qrz#kdyh#Rudfoh#Mdyd#Forxg#Vhabih#vh C‘ :E/ \‘ E

hgwhusulvh#Rudfoh#ZheOrjlf#Vhuyhu#dgghd#gd

forxgl#\rx#dovr#kdyh#edfnxsv#dqg#uhfRwhdd prhwh
Vwrudjh#Forxg#Vhuylfhl

Conclusion oracle.com/java
Dv#wklv#duwlfoh#kdv#vkrzqg/#xvlqj#Rhdfplik#Mdy
Iv#vipsoh#hqrxjk#dqg#jhwv#|rx#vidohlBdhgwwkh4#
wkdw#pdnh#wkh#forxg#d#frpshoolqgj#sudsoywiud
hgwhusulvh#dssolfdwlrqvl1l#

Wkh#Mdyd#forxg#vsdfh#kdv#pdwxuh g#wadvsA ghoz| #
|hduvl1l#Lqg#lwv#hduo|#gd|v/#pdq|#ghywhpush# N g
wkh#forxg#eh#wzhdnhg#wr#jhw#h{dfwamd# avkdwt# L
forxg#eulgj#doo#wkh#srzhu#dqg#ixodpw#xydalsv |#
wr#jhwwlqj#iurp#p|#rqOsuhplvhv#vhuyh{l®#h¥#o o #
hgrxjk#iru#p|#exvighvvB$#Dqg#vr#rqgl#LIGHpKEH {
ghzhu#Rudfoh#Mdyd#Forxg#Vhuylfh#wowwigqwidl
that and more.  </article>
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