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Appreciating Limited Choice

In Languages

The more prescriptive a language is in the details,
the easier it is to code productively.

r coverage of JDK Enhancement Proposals
JEPs) in this issue examines a recent pro

posal to standardize the syntax of command-ine
arguments for tools that ship in the JDK. As the
proposal points out in support of its core concern,
presently there are multiple ways of asking for
help from the command line. And if you happen
to guess wrong when using a given tool, you need
to circle through the variety of possibilities. The
can vary from —help to --help to -?. And then
there’s the unmentioned last resort, which is to
run the program with no arguments and see what
kind of information you get in the error message.

I wholly support this standardization, but
I'd go much further. In my view, the syntax of

PHOTOGRAPH BY BOB ADLER/GETTY IMAGES
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se

command-ine switches should be included in
style guides for the language. If the Java team
kdg#vshfl=hg#d#vwdqgdug#frqgyhqgwlrq#iru#
when it released the language (in the same way
that it recommended initial capitals for class
names and all capitals for constants), this small
annoyance would not exist. The more a language
can formalize small details, the easier it is to ge t
things done.

But in an ideal world, even this solution is
lgvx?flhgwl#L#vwurqjo|#eholhyh#wkdw#wk
of Java style guides is itself a limitation. I'd fa r
prefer that there be one consistent set of recom-
mendations that was universally followed. For
h{dpsoh/#zulwlqgj#rxw#gh=qglwlyh#jxlgholgh

tv z
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/[from the editor /

there are additional constraints.
For example, the executable code
to another was extraordinarily after any if statement must be
tedious. Java solved these prob - enclosed in braces, even it if con- ognized. This is evident in the
ohpvli#Gdwd#Ilwhpv#kdg# = {taig¢only b gitigle line. Many other choice of most modern develop-

across platforms, and code could frgyhqgwlrqdo#lwhpv#duh#ghmenhgdanizations to prescribe

be run on multiple platforms what is known as “idiomatic Go.” their own “house style” for code,
zlwkrxw#prgl=fdwlrql The happy result is that all Go code which is frequently enforced in

the sequence of import state- C’s lack of standardization looks the same. Reading and writ- code reviews, so that all develop-

ments and variable declarations, caused so much pointless activ- ing it is easy. ers use the same conventions. But
dgg#vr#rql#E|#kdylqj#d#={hg#vhw#ri# The lack of standardization wkhvh#vw|ohv#frg>lfw#zlwk#hdfk#
guidelines, every Java listing would of details during the last few rwkhu#iru#odfn#ri#d#viqgjoh/#xql=1

be consistent and not require re- M O St m O d ern d evel 6} ﬁﬁt an issue in Java set of conventions.
m Emall ba

examination to adjust to a given annoying ways, If the world were all Java, |

individual's or site’s style. Ol'g anlzatIOnS pI'ESOJ’ &ommand-line syntax. For think it would not be too onerous
Curiously enough, in a certain the"' own “house Styia@fo’le, the three variants of the wr#sxw#xs#zlwk#wkh#gl<huhqfhv/{
way, Java’s initial appearance on - - ULE K yw lrg#iru#lqglfdwlqg]j# cthobghghe time lost in doing so
for coaglich Is frequgitt

the scene addressed what, at the uld het be n%:) @NonNull is lost for no good reason.

time, was a tremendous laxity in enforced |n COde | re@“\erWﬁnd uliNuIJ The But in an increasingly poly-

language that made some tasks th ese Styles con Ict WW\hf refa@h h#zdv#xv h g # e gloFsond mdwhich other lan-

exceedingly tedious. The principal Othel’ for IaCk Of a Sﬁ,)i FinEEﬁj, Qe(xst of guages (JavaScript, HTML, and
he and

language before Java was C. It was . y Jdva e IntelliJ vr#rqg,#sod|#vljgl=fdqw#urohv/#wkl
purposely designed from aradi - Set Of COnventIOnS « IDE. The result was that if you lack of enforced coding standards

cally nonprescriptive perspective. coded in one environment and in Java and especially across those

Even today, after many rounds of pryhg#wr#d#gl<huhqgw#ghyhllanguagepvedmbine to create a

standardization, C has numerous environment, you had to change sustained and pointless drag on

places where behavior is unde - your code or your toolchain to productivity.

=ghg#ru#ohiw#xs#wr#w-k h# ity s$hatwvghlerg the original team get your expected level of null-
wdwlrg#wr#gh=qghl#Lq#w k hftqr §0&K Bell#.abs developed a checking. This is, of course, the
zkhgq#Mdyd#=uvw#dsshdu h glenHahguhget Go, they chose a exact antithesis of Java’'s vaunted
far looser. An integer could be highly prescriptive implementa - portability, when switching IDEs

location of opening braces, size
of indents, tabs vs. spaces, how
to stagger or not stagger if/else
sequences, Javadoc's numerous
formatting options, and so forth.
Obviously, this would apply to
higher-level concerns as well: fully
expanded imports vs. wildcards,

tions of an integer. As a result,
porting C from one platform

Wkh#frgyhglhgfh#dgg#ehgh=wv;
of such strictures that ensure
uniform syntax are widely rec-

Andrew Binstock, Editor in Chief
javamag_us@oracle.com

more or less anything the com -

16 bits of width. 16, 32, and 64 bits
were all legitimate implementa -

HIREITTTTTTTTTTTTT]

tion. There is one formalized cod-
slohu#gh=qhg#lw#wr#eh/#zihg &tyle foL o, and all code is
uhfdoo#fruuhfwo| d#plqglpxpE#pacted to use that style. A code
formatter is bundled with the Go
distribution. In the language itself,

@platypusguy

is enough to make code behave
gl<huhgwol|l#lruwxqdwho|/#Mdyd#;!v#
use of the Checker framework has Coming in November:

now consolidated the convention our Special issue on JUnit 5.
around @NonNull 05
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The Limitations of JSON-P The editors add: “JSON-P is part of the Java EE stan-
The article by David Delabassée titled “Using the J ava dard and has an elegant parsing interface; in additi on,
APIs for JISON Processing” in the July/August 2016 is sue bm..I _ZIm' Parg CLHG&; bl ®gZedasd]|% p”"

grhv#qrw#phqwlrg#vijgl=fdgw#sureohpv#3H#w kdy & higMX/IRQOCee' CZ\dlhg Zg] @LHG [hma k”~ik”|/
vwdggdug/#zklfk#lv#srruo|#ghvljghg/#fhgg # Wiah¥buhihutnlg ]*o”ehi”kl g"*]bg” CLH@ % kbZebsZr
Ipsohphgwdwlrq/#zklfk#lv#srruo|#Ipsohphqwhgl
L#eholhyh#wkh#vwdqgdug#lv#srruo|#ghMpRPgaciicelof bmall Classes
ghlwkhu#ri#wkh#wzr#DSLv#Iq#wkh#vwa0qg dalgwkwixsisy s wvfisttwar # | rxu#hglwruldo# | gwxkh# M x o | 2
lgj#dqg#vhuldol}dwlrq#ri#sodlq#roghRdyd #TerRloblem HHV&iRNng Small Classes,” | second you r
wr#dqg#iurp#MVRQ/#wkh#qgdwxudo#=w#iru#dgd#dndh#d0jxphgwdwlrq#derxw#zulwlgj#vpdoo+?
rulhgwhg#odqjxdjhl# lg#dqg|##qrupdo$#frgh#surmhfwl#Exw#zkhq#lw#
MVRQ#sduvhuv#dqg#vhuldol}huv#zulwwahoetzd wkiterisiphhqgw#+vhuyohwv,#ru#zkhg#zulwlqj;
MVRQOS#DSL#duh#wrr#elj/#uhtxluh#wrr#pddgS & #3 #FtiadobvE=qg#lw#ixlwh#sdlqixwg##r#h {wh
dgg#duh#wrr#iudjloh/#uhtxlulgj#h{wkokly# & kluddgjhVHN Wixo,#orjlf#mxvw#wr#vwd|wxiwklg#p
vwuxfwxuh#ri#wkh#MVRQ#wr#eh#surfhvvhg#fkdygymwAdv#dg#h{dpsoh/#L#kdyh#d#UHVW#uhyv
L#eholhyh#wkh#uhihuhqgfh#lpsohphqgwdw tatet \temResoptcel #L#gh=qgh#vhyhudo#phwkrgv#wk
Ipsohphgwhg#ehfdxvh#lq#p|#xvh#fdvh/#frqypuwhg®vh#ri#gl<huhqw#phgld#w|shv#dqg#gh=qf
wkrxvdggv#ri#Mdyd#remhfwv#wr#MV RQ #vwulidpjtedhn w8 pIBw qjv#Edgg#uhtxhvw#phwkrg##+xviqj
83/333#fkdudfwhuv#hdfk/#d#surjudp#xvl qj#vekiwiMa tevxpg#eh#wkh#vdph#zIiwk#sxuh#Mdyd#t
DSLIv#remhfw#prgho#frgqyhuwhg#d#uQddggdwdANnwadarghMdzRwk#wkh#lpsruwv/#lgmhfwlrqv/#y
dvwrxqglqj#43#wliphv#idvwhu#wkdq#rqm#xvigj#wkinvdrgm/fdggrwdwlrqv/#dqgg#orjjlgj#soxv#wkl
prgho#DSL#Ig#wkh#MVRQOS#uhihuhqfh#lpsddplhgwdw#exvghvv#+Hqgwlw]|,#fodvvhv#dqg#vrpt
Wkh#suhvxpdeo|#pruh#h?flhgw#vwuhdplqp#D®W# hpfpERFOS vIqgj#+prvwo|#rghOolqghflk¥,/#L#hdv
zrxog#kdyh#uhtxluhg#xqpdlgwdlgdeoh#fhggh#3§8 zbllfk#wkri#frgh#ru#pruhl
DSL#fdoov#wr#rshg#MVRQ#duud|v#dgdg#remhfwlv#ezwdh#riwh#eholhyh#lg#wkh#ehvw#ri#erwk:
zlgho|#vhsdudwhg#iurp#wkh#DSL#fdoov#wr#foMh#wklEphhs#lw#vipsoh#dqgg#vpdpd#exwH#vwl
So, | believe you should discuss alternative JSON vhpdgwlf#xglwv#wrjhwkhul#D#fodvv&Hhuwx/cig #vw
surfhvviqj#oleudulhv#vxfk#dv#Mdfnvrgq#dggigRiGEh#glylgh#wklv#pruh#dqg#pruh#lgwr#vp
Mh<uh|#V1#Pdlgdtwv#zh#frxog#hgg#xs#zlwk#rghOphwkrg#fodv
Qrufurvv/#Jhrujldhggohvv#ghohjdwlrgv#wr#ghhshu#fodvvhvl
| tend to not limit myself to a hard number of

David Delabassée responds: “In the article, | discu ss olghv/#exw#wdnh#rwkhu#phdvxuhv#lg#biwulfv#
marshaling: ‘Note that binding (that is, marshalingo f dv#phwkrg#frpsoh{lw|#dqgg#wu|#wr#wd# h#wkhi#
Java objects to JISON documents and vice versa) willbe ri#frgfhuqv#vhulrxvo|l#

addressed in a related API, the Java API for JSON Bhding Doh{#Khss
ICLHG&;"% pab\a bl \nkk"gmer [*bg...]%®g"] bg CLK ,/0°' Jhupdq] 06
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Why Monospaced Fonts?
In your editorial in the July/August issue, you men 0
wirg#wkdw#wkh#frgh#irqgw#lv#xqghu#whf

ru#dq|#rwkhu#rshq#irgwB#Prvw#lpsruwdd

X

W

v | r gfl# r u u
xvh#d#qlfh#vdqgvOvhuli#sursruwlrgdo#rqw#oln wd d

15 Bilion
highlighting!

Prqrvsdfhg#irqwv#iru#prghuq#frgh#vd
frpsohwho|#rogOidvklrghg#dqgg#wrwd o q|#
needs to have columns vertically aligned anymore as

zdv#xvhixo#lg#FRERO#dgg#lruwudqg#wlphy
j#lv#reylrxvl1l#

Lw#lv#vr#pxfk#hdvlihu#wr#vhh#nh|zrpQv/#f

Wkh#dgydqwdjh#ri#v|qwd{#kljkoljkwlqg

phqwv/#dqgg#vr#rq#ziwk#olwwoh#h<ruwl#
xvhg#iru#froruv/#lwdolfv/#dqg#irqwi#ohd PK
mhfwlyh/#ri#frxuvhl

Kxehuw#Ndxnh

Jhupdq]

:g]k~p :bglmh\d k~lihg]l3 "B \Zg Ir"gg®mhl

_khf “bobg" ni fhghliz\*] _hgm! _hk \hibyg]"

mazZm ~o"kr k*inmZ[e™ p~[Ilbm~ Zg] hd[Eb13
Bg Z]]bmbhg% |Ih Jh”l cnlm Z[hnmgh@¥Kr 17

pabl\a B f~Zg *"o”~kr ]*o”*ehi”*k pahl”™ \h]™ Bj|..

"LrgmZq ab aeb’ambg” bl ghm b]”*Ze'

bl mazZm ~o”kr k~Z]"k aZl Z Jb-"k*§'m ik"|

Moreover, given our generally short printed listings  (with
downloadable code available for the entire codebase ), the

[*g"®m phne] [ |IfZee pabe”™ ma” "hkkYh Z

phne] [ b gb®\Zgm %o

Contact Us

Zh#zhofrph#frpphgwv/#vxjjhvwlrqv/#juxp
nxgrv/#duwlfoh#sursrvdov/#dqgg#fkrfrod#
Doo#exw#wkh#odvw#wzr#pljkw#eh#lydv
Writetousat mdydpdjbxvCrudfol¥imu#rwkhu

)
=

Z
W

0o

M

>

psohv#duh#

“j'DéVices Run Java

rgvwdgwv/#fr
kiIfk#vfkhph#lv
#lv#kljko]

[en [

B phne] g

K niiDdhy
"ehi~k B d
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Devoxx BelgiuRODVEMBER 7-11

ANTWERP, BELGIUM

Devoxx Belgium is dedicated to deep learning this y
ics such as quantum computing and machine learning.
methodology; Java language skills; cloud, container
server-side Java; and more. An estimated 3,500 deve
from more than 200 sessions, including one-hour con
three-hour hands-on labs, informal presentations, a
and more.

PHOTOGRAPH BY ERIC HUYBRECHTS/FLICKR
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Desert Code Camp
OCTOBER 8
CHANDLER, ARIZONA
Desert Code Camp is a free,
developer-based conference
built on community content

JavaDay Kiev
OCTOBER 14-15

KIEV, UKRAINE

JavaDay Kiev will feature more
than 50 sessions on topics
ranging from the core JVM

wkdw#surplvhv##Qr#1ox < =platform and Java SE (Java 8)

Only Code.” Topics scheduled
for the Java track include
bots, Amazon Echo, and
language user interfaces;
getting started with Apache
Kafka; and microservices with
Spring Boot.

JAX London
OCTOBER 10 AND 13,
WORKSHOPS

to JVM languages to big data
and NoSQL. Five keynotes

are slated, and more than
1,000 developers are expected
to attend this year’s event.
Juergen Hoeller, cofounder and
project lead of the open source
Spring Framework, is scheduled
to speak.

O'Reilly Software Architecture

OCTOBER 11-12, CONFERENCEONference

LONDON, ENGLAND
JAX London is a four-day event
for cutting-edge software
engineers and enterprise-

level professionals, bringing
together the world’s leading

OCTOBER 18-19, TRAINING
OCTOBER 19-21, TUTORIALS
AND CONFERENCE
LONDON, ENGLAND

This year, the O'Reilly Soft-

ware Architecture Conference

lggrydwruv#lqg#wkh#=hogvigexplMiay evolutionary
dufklwhfwxuh#wr#uh>hfw#wkh#

microservices, continuous
delivery, and DevOps. Speakers
include Klara Ward, Oracle’s
Java Mission Control principal
developer, and Raoul-Gabriel
Urma, coauthor of Java 8

in Action .

eurdghqlqj#ri#wkh#=hog/#
encompassing disciplines such

as DevOps. Topics will include
strategies for meeting business

goals, developing leadership

skills, and making the concep-

09



https://twitter.com/oraclejavamag
https://www.facebook.com/JavaMagazineOracle
mailto:JAVAMAG_US%40ORACLE.COM?subject=
http://oracle.com/javamagazine
https://devoxx.be
http://oct2016.desertcodecamp.com/home
https://jaxlondon.com
http://javaday.org.ua/kyiv/
http://conferences.oreilly.com/software-architecture/
http://conferences.oreilly.com/software-architecture/

[levents /

esting speakers, core developers
of popular open source technolo-

for JDK 9 and cover concurrency
xsgdwhv/#KWWS25/#xql=hg#orjjl

gies, and professionals willing to
share their knowledge and experi-
ences. Former Oracle Technology
Evangelist Simon Ritter is W-JAX
vikhgxohg#wr#suhvhqw##M GNI@VEMBEJE 7 AND 11, WORKSHOPS
Changes to Make Java Smaller.” NOVEMBER 8-10, CONFERENCE
MUNICH, GERMANY
Devoxx Morocco The W-JAX conference is focused
NOVEMBER 1, UNIVERSITY DAY on Java, architecture, and soft-
NOVEMBER 2-3, CONFERENCE ware innovation. More than 160
CASABLANCA, MOROCCO presentations on technologies

G1 garbage collector, Scala, and
Reactive Streams.

tual jump from software devel-

noncommercial conference in

rshu#wr#dufklwhfwl#MdydOvhhiémfGermany for Java devel-

highlights include a session
devoted to fault-tolerant pro-
gramming with Hystrix and led
by Pivotal's Matt Stine, a cloud-
native Java primer with Pivotal's
Josh Long, and a presentation on
best practices in the use of con-
tainers by Red Hat's Mark Little.

Java Forum Nord
OCTOBER 20
HANOVER, GERMANY

Java Forum Nord is a one-day,
PHOTOGRAPH BY BENBENW/FLICKR
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opers and decision-makers. With

more than 25 presentations in

parallel tracks and a diverse pro-

gram, the event also provides net-
working opportunities. (No English
page available.)

VOXXED Days Thessaloniki
OCTOBER 21
THESSALONIKI, GREECE
The inaugural VOXXED Days event
in Thessaloniki is a developer
conference that promises inter -

SEPTEMBER/OCTOBER 2016

Devoxx Morocco is the place to
go for learning, networking, and
sharing experiences about Java,
related technologies, and soft -
ware craftsmanship. This year,
more than 1,500 developers are
expected, 150 sessions are slated,
and activities are planned for chil-
dren ages 9 to 15.

QCon

and languages—ranging from

Java, Scala, and Android to web
programming, agile develop -

ment models, and DevOps—are

planned. (No English page available.)

O'Reilly Software Architecture
Conference

NOVEMBER 13-14, TRAINING
NOVEMBER 14-16, TUTORIALS
AND CONFERENCE

NOVEMBER 7-9, CONFERENCE SAN FRANCISCO, CALIFORNIA
NOVEMBER 1011, WORKSHOPSLike its European counterpart, the

SAN FRANCISCO, CALIFORNIA

Billed as a practitioner-driven
software conference, QCon is
designed for technical team

leads, architects, engineering
directors, and project managers.
Tracks include an overview of
Java 9 hosted by QCon Chair Wes
Reisz that will focus on prepping

California version of this confer-

ence will explore evolutionary

architecture. Presentations of

interest to Java developers include

“An Introduction to Reactive

Applications, Reactive Streams,

and Options for the JVM” with

ThirdChannel's Stephen Pember,
dqg##Forqh#Forqh#Pdnh:#D#EllbW


https://twitter.com/oraclejavamag
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https://qconsf.com
https://jax.de
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Way to Build,” led by IBM's
Dan Heidinga.

Topconf

NOVEMBER 15, WORKSHOPS
NOVEMBER 16-18, CONFERENCE/ANCOUVER, CANADA

TALLIN, ESTONIA

Java and the JVM, reactive archi-
tectures, sustainable develop -
ment, and big data highlight this
year’s conference. Couchbase
Developer Advocate Laurent
Doguin will present a practical
example of RxJava, and
MATHEMA Software Senior
Consultant Thomas Kinneth

will discuss current approaches
to Java on mobile devices.

Java Enterprise Summit
NOVEMBER 28-30
BERLIN, GERMANY

What does a state-of-the-art
enterprise Java application look
like? Which APIs are useful? What
are the roles of various web and
JavaScript frameworks? And how
important is standard Java EE
today? These and many other
guestions will be discussed at this
year's Java Enterprise Summit. A
large training event is held con-
currently with the Micro Services
Summit, hosting 24 power work-
shops with well-known German

i

microservices and enterprise Java

experts. (No English page available|

ConFoo
DECEMBER 5—7

This multitechnology conference
for web developers features ses-
sions on Java and JVM. Scheduled
topics include Java 9; caching;
machine-learning models with
Java- and Spark-based tools;
Docker and Java; and writing bet-
ter streams with Java 8.

Special Note: Event Cancellation

QCon Rio
OCTOBER 5—7

RIO DE JANEIRO, BRAZIL
Wkh#rujdqgl}huv#uhsruw=##I
with an unstable political and

economic environment . . . we

considered it prudent to cancel our

edition of QCon 2016. We empha-

size that this decision does not
d<hfw#wkh#suhsdudwlrq#ri#
Séo Paulo 2017~

Have an upcoming conference
you'd like to add to our listing?
Send us a link and a description of
your event four months in advance
at javamag_us@oracle.com

SEPTEMBER/OCTOBER 2016
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For the past nine years, Oracle (and earlier, Sun) h as
been sponsoring a small gathering of Java experts w hose
primary work is on the JVM. The roughly 150 attende es

gather to discuss the JVM and JVM languages.
Unlike most conferences, at this summit there is
only a single track, attended by all the participan ts.
Over three days, many sessions of surpassing inter-
est are presented. All of them are recorded. The vi deos
for the 2016 summit are posted on YouTube . This year’s
summit in early August saw particular focus on Java 9
and post-Java 9 releases.
Dv#iru#MYP#odqjxdjhv/#|rx#fdq#=qg#ylghrv#ri#vhv
sions on implementation details and upcoming featur es
for Kotlin and Scala. And there are sessions that f ocus
rg#vwdggdorgh#whfkqlfdo#wrslifv=#lpppwHeoh#froohfwlr

bytecodes, use of Intel vector instructions, and so forth.
While the sessions are technically demanding,

you do not need deep knowledge of the JVM to follow

along. However, as you'll see in the videos, you do need

viph#>xhqf|#zIlwk#wkh#whuplqrorj|#ri#MYP#ixqfwlrgv#
and features.

The conference is held in July or August at Oracle’ s
campus in Santa Clara, California. While attendance is
intentionally kept low, developers working on JVM t op-
ics can apply to attend on the conference’s home page .
Attendance is generally opened 60 days before the n ext
summit begins. The home page also includes links to
the videos of sessions from previous summits. Enjoy the

deep dives! —Andrew Binstock
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JAVA PERFORMANCE COMPANION
By Charlie Hunt, Monica Beckwith, et al.
Addison-Wesley

This book’s title—in which The discussion of G1 starts tion, it provides very detailed

Companion is the operative with an introduction compar- analysis of core dumps when

word—indicates its primary ing garbage collectors, followed surjudpv#orfn#xs#ru#vx<hu#idwdo#
mission: a supplement to the by a deep dive into its internals. h{fhswlrgvl#WKklv#gdwd#vxssoh
highly regarded classic on Dqg/#=qdoo|/#wkhuh#duh #hdreotta; grovided by jhat, the

JVM performance tuning,  Java wlrgv#+dgg#uhfrpphqggdwlroaingtay JDK analyzer of heap

Performance, by Charlie Hunt uhjduglgj#wkh#ydulrxv#frggxpsd=ohvl#

and Binu John. However, that tion options that can be set by an Ilgdoo|/#dg#dsshqgl{#uhylhzv#
errn#¥=uvw#dsshduhg#wr z dadgwhwlkle #riting is clear but performance-related command-

end of 2011 and has not been does make occasional references line options that have been added

updated by a second edition. to the original book. It's best to to the JVM since the original book

So, this new volume provides read this volume as an adjunct to appeared. Each switch enjoys

information on the central per- that work, although for readers vhyhudo#sdudjudskv#ri#h{sodqdwlrq#
formance topic that came after familiar with JVM innards, it can and recommendations on its use.

2011: the G1 garbage collector. be read by itself. Although a US$50 cover price

While G1, which is a standard The second half of the book for a 150-page book seems more

part of Java releases since JDK 7, is dedicated to the Java Service- wkdg#d#wdg#rq#wkh#h{shqvlyh#vigh/
update 4, has been designed to delolw|#Djhqw#+V D,/#d# o | thevioforthatgpnzrgthis slim vol-

require only a few options (after debugging utility in the JDK. The ume will be valuable enough to

which the garbage collector will SA attaches to a running process sites that need top performance
viuw#rxw#lwv#Ilghdo#frq=]jaoddakesag, ¢émplete snapshot, that the price should represent
fhuwdlg#zrunordgv#fdq# e hwhich wttanslates into human- no obstacle. With that in mind, |

from an admin’'s additional readable format. It includes full kdyh#qr#gl?fxow|#uhffrpphqgg

tuning through switches and stack and heap info, plus data on ing this book unreservedly.

runtime parameters. the running processes. In addi- —Andrew Binstock
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Programming Devices

n this issue, our feature articles focus
on how to program devices. The
devices range from small, single-
purpose hardware items to complex
machines. When hooked together,
typically via the cloud, they form the
Internet of Things (loT). Much of loT
programming consists of raw data pro
cessing: you gather data from the device,
and you send it commands. The biggest
challenges are accessing the device and
knowing the command sequence that

sending commands to it from a Raspberry
Pi board. CNC routers are devices that
shape hardware items by grinding down
or cutting a piece of material into the

uljkw#vkdshl#Wkh|!luh#0lnh#60G#sulgwhuv#

except that they remove material from

a block rather than iteratively build up
the product from new material. As this
article shows, once a connection to the
device is established, the primary task is
getting data from the device and send-
ing it new commands. The Java code

wudgvodwhv#lqwr#vshfl=f#dfwlrdor Wadabidgitgese two activities is

how to do most of this, add a little back-
end processing in the cloud, and you're
most of the way there.

This issue has three articles that
build on each other to show how this
kind of programming is done in Java. The

remarkably straightforward. The author,
Stephen Chin, wrote a  similar article in
our May/June 2015 issue explaining how
to interact with an electronic scale from a
Raspberry Pi.

For the loT to become a reality,

—uvw#duwlfoh/#e|#Jdypagd ©144,K | 0 o dHewices need to share data and typically

shows the basics of accessing a device—in
this case, an inexpensive Intel-based loT
board—and using its features by querying
sensors and turning on various pins that

will do so by funneling the data from
multiple devices to a cloud instance. Our
third article on loT (  page 32) shows how
this works on a cloud platform as a ser-

oljkw#dgq#OHG1#Li#|rx!uh#qrw# wWecewustofdmnade Ifor such data and for

iar with Java access to hardware, this is

the article to start with. It's an ideal hob-

byist project: instructive and useful, and

it can be completed in a single afternoon.
The second article ( page 24) dem -

onstrates how to control a CNC router by

controlling devices remotely.
Lg#dgglwlrq/#|rx!loo#=qg#rxu#uhjxodu#

assortment of Java articles: in-depth

tutorials, explorations of JVM languages,

book reviews, letters we've received, and

of course, our Java quiz.
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Interacting with Sensors on
Intel's x86 Galilleo Board

Capturing data and responding to it are the heart and soul of loT. Heks's how it wo
with Java and an inexpensive board that uses an x86 processor.

I n this article, | develop and explain a project tha t measures
ambient light and dims a red, green, blue (RGB) LED in

response. This way, you can see how to interact wit h ana -
log inputs and pulse width modulation (PWM) outputs using
Java SE 8. | use the latest versions of the Intel | ol Development
Kit, which includes support for Java. | take advant age of
both the upm and mraa libraries, which provide high Hevel
interfaces for controlling the Intel Galileo Gen 2 board—an
Arduino-compliant x86 chip based on the Pentium arc hitec -
ture. | also show how to control wired electronic c omponents,
sensors, and actuators.
Prerequisites
The Intel Galileo Gen 2 board boots the Yocto Poky Linux
image, which is the latest version of the Intel Gal ileo microSD
card Linux operating system image. You can download the
latest version of the Yocto Poky image for Galileo from the
Intel website

For development, | use the Intel System Studio loT
Edition software. It is an Eclipse-based IDE that m akes it easy
to create a new loT project with Java as the main p rogram-
ming language. | also use the latest available vers ions of both
the mraa and upm libraries. The mraa library is a | ow-level
skeleton library for communication on Linux platfor ms, and

upm is a set of libraries for interacting with sens ors and actu-

SEPTEMBER/OCTOBER 2016

ators. Both are part of the Intel IoT Development K it. You can
download Intel System Studio loT Edition from Intel's IoT site
One of the main problems you can face when you star t

a new loT project with Java is that the versions fo r the upm
and mraa libraries included in Intel System Studio loT Edition
must match the versions of these libraries installe din the
version of Yocto Poky Linux that is running on the Intel
Galileo Gen 2 board. Unfortunately, | had many prob lems
when using the synchronization features included in the

LGH#dqg/#wkhuhiruh/#L#vXxjjhvw#=uwuw # kils\g#gigj#wkh

the IDE and then in the board as separate operation s. Select

Intel(R) 10T | Libraries Update... in the main menu for the

IDE and follow the steps to install the latest avai lable versions

for the libraries.
Rgfh#wkh#erdug#kdv#=qlvkhg#wkh#erriw#surfhvv#

microSD card Linux operating system image and is co nnected
to your LAN through the Ethernet port, the DHCP ser ver will
have assigned the board an IP address. You will nee d this IP
address later. There are many ways for you to retri eve the
assigned address. For example, if you have access t o the web
interface for your DHCP server, you can use it to r etrieve the
IP assigned to the device with the MAC address that matches

the one printed on a label in the board.
You can also discover the board and its services on the

ODQ#dxwrpdefdoo|#wkurxjk#wkh#}hurotrrqmj&udw.
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ing implementation. In Windows, you can use the fre e

Bonjour Browser for Windows. In OS X, you can use t he free
Bonjour Browser for OS X.

Both applications display the available Bonjour ser vices,
and you just need to pay attention to those named galileo .
The IP address displayed for the SSH service named galileo is
the one you can use to establish a connection with the board.

Then, use your favorite SSH terminal tool to connect to
Yocto Linux running on the Intel Galileo Gen 2 boar d by using
the previously retrieved IP address, the root user, and a blank
password. Then, execute the following commands in t he
SSH terminal:

opkg update
opkg install mraa
opkg install upm

Then, click Create an loT Project and select Java Project

in the IDE. I'll use AmbientLightAndLed as the proj ect name.
Enter the connection name and the IP address for yo ur Intel
Galileo Gen 2 board. This way, the IDE will provide you with
an environment that will upload and run the project to the

vshfl=hg#erdugl#Lqg#wkh#frqvroh/#|rw# xhw#bjhgthhukhadditigmX use the following PWM-enabled pins t

ated by the project, and you can run commands in a terminal.
However, as always, once you learn how things work, you

whether the environment is dark, and this example d oesn't
have problems with latencies (that is, delays in re porting the
dimming of light). Just make sure you take into acc ount accu-
racy and latency if you need to sense ambient light in a more
complex project.

The photoresistor is a variable resistor whose resi stance
value changes based on the ambient light intensity. When the
ambient light intensity increases, the resistance o f the photo-
resistor decreases and vice versa.

The board makes it possible to read voltage values
through the analog input pins. | use a voltage divi der con-

=jxudwlrg#wkdw#lqfoxghv#wkh#skrwrdhwWwiw z#d v#rqh

resistors. The voltage divider outputs a high volta ge value
when the photoresistor receives a high amount of |i ght, and it
outputs a low voltage value when the photoresistor receives a

small amount of light or no light at all.

The Intel Galileo Gen 2 board allows you to use onl y SiX
of the digital I/O pins as PWM output pins. These s IX pins are
odehohg#zlwk#d#wlogh#v|pero#+e,/#ak& [k uhwiniw v #d:
number on the board.

| use the analog pin labeled AO to connect the posi tive

zloo#=qg#lw#hdvihu#wr#jhghudwh#|r&uXxXqz{ewi# | s of e deGe LED.

rzq#frppdqgv#wr#xsordg#wkh#jhqghudwh gy U —=dimi-@ gsgennzcted to the anode pin for the green

that is
aa and

The IDE provides an integrated debugging experience
extremely useful when you start working with the mr
upm libraries in Java.

Wiring the Electronic Components

A photoresistor is an electronic component also known as a
light-dependent resistor (LDR) or photocell. It is n ot the best
component for sensing ambient light with high level s of
accuracy. However, the component is useful for dete rmining

SEPTEMBER/OCTOBER 2016

side (+) of the voltage divider that includes the ph otoresistor.
o control
the brightness level of an RGB LED:
2 Pin ~6 is connected to the anode pin for the red co mponent
component
of the RGB LED.
2 Pin ~3 is connected to the anode pin for the blue c omponent

of the RGB LED.

You need the following parts to work with this exam ple:

2 A photoresistor.

e D#43/333 #+43#n ,#uhvivwru#zlwk#8# sW lhhg w # wkohst
color bands for the resistor are brown, black, oran ge,
and gold.

2 A common cathode 5 mm RGB LED. .



e Wkuhh#5:3 #uhvivwruv#zliwk#8#shufhdwt#tw#ohudighkbWghe#exlow#iurp#wkh#skrwruhg#whwiv#adqgqg#d#4

bands for the resistor are red, violet, brown, and gold. with 5 percent tolerance. The photoresistor is wire d to the
Figure 3hows the previously mentioned electronic com - LRUHI#sIql#L#dp#xvigj#wkh#erdug!v#lgh#dkogv#frq=jx
ponents connected to a breadboard, the necessary wi rings, wkhuhiruh/#wkh#LRUHI#yrowdjh#I|v#8MLUEWKEZ#4ABGH #1
and the wirings from the Intel Galileo Gen 2 board to the to GND.
breadboard. (I created the original diagram with th € popu-
lar Fritzing multiplatform application 1#Wkh#lulw}lqj#=o0h#loging a Class to Dim an LED by Using PWM
included in the code bundle related to this article , Which is Ragfh#|rx#=qlvk#doo#wkh#ghfhvvdu |#zi#atagjMhex#ghhg
available in the Java Magazine download area . Java code to determine whether you are in a dark en viron-
There are three PWM-capable GPIO (general-purpose ment and then control the brightness of the three c olors of
input/output) pins: ~6, ~5, and ~3. Each of them is connected the RGB LED based on the ambient light value. The ¢ ode reads
wr#d#5:3 #uhvivwru#dqg#zIluhg#wr#d ki@ HEG# s | gve ireauttloticonverting a resistance value into a voltage, and
color. The common cathode is connected to ground (G ND). then transforms this analog value into its digital representa-
The analog input pin labeled AO is connected to the Volt- tion. The code maps the digital value to a voltage value, and
then it maps this voltage value to a darkness or am bient light
measurement value.
In order to keep the code easier to read and unders tand,
the next Java classes | explain won't perform check s on the
uhvxowv#ri#hdfk#rshudwlrg#shuiruphglgiomzhyhu/#1q4
version of the example, you should check the result of each
fdoo#wr#d#phwkrg#ri#dg#lgvwdqgfh#rigd#wkh#gl<huhqw:
classes and make sure that the returned value is eq ual to

mraa.Result. SUCCESS
| am going to create the following three classes:

o VariableBrightnessLed : This class represents an LED con-
nected to the board, and it will allow me to contro lits
brightness level.

o Voltagelnput : This class represents a voltage source con-
nected to an analog input pin in the board, and it will allow
me to map the raw values read from the analog input into
voltage values.

o SimpleLightSensor: This class represents a light sensor,
and it will allow me to transform a voltage value, measured
with a Voltagelnput instance, into a light measurement

Figure IThe electronic components connected to a breadboardaaadescription.
wired to the Intel Galileo Gen 2 board Then, | will create a BoardManageclass that creates instances

HIREITTTTTTTTTTTTT] SEPTEMBER/OCTOBER 2016



ORACLE.COM/JAVAMAGAUMHEITTTITTTTINTTITINIIT

of the VariableBrightnessLed and SimpleLightSensor classes,
and will interact with them. Finally, | will create a master
class, called AmbientLightAndLed which coordinates the
operations of the previously explained classes.

First, | create a new VariableBrightnessLed class that

represents an LED connected to the board that can h ave a
brightness level from 0 to 255 inclusive. The follo wing code
lines show the import statements that | use for all the classes

and the code for the new class:

import mraa.Aio;
import mraa.Pwm;

class VariableBrightnessLed {
private final int gpioPin;
private final String name;
private final Pwm pwm;
private int brightnessLevel;

public VariableBrightnessLed(int gpioPin,
String name) {
this.name = name;
this.gpioPin = gpioPin;
this.pwm = new Pwm(gpioPin);
this.pwm.period_us(700);
this.pwm.enable(true);
// Set the initial brightness level to 0
this.setBrightnessLevel(0);

public void setBrightnessLevel(
int brightnessLevel) {
int validBrightnessLevel = brightnessLevel;
if (validBrightnessLevel > 255) {
validBrightnessLevel = 255;

SEPTEMBER/OCTOBER 2016

} else if (validBrightnessLevel < 0){
validBrightnessLevel = 0;
}
float convertedLevel =
validBrightnessLevel / 255f;
this.pwm.write(convertedLevel);
this.brightnessLevel = validBrightnessLevel,
System.out.format(
"%s LED connected to PWM Pin #%d " +
"set to brightness level %d.%n",
this.name,
this.gpioPin,
validBrightnessLevel);

public int getBrightnessLevel() {
return this.brightnessLevel,

public int getGpioPin() {
return this.gpioPin;

When | create an instance of the ~ VariableBrightnessLed class,

it is necessary to specify the GPIO pin number to w hich the

LED is connected inthe  gpioPin int argument and a name for

the LED in the name String argument. The constructor creates

anew mraa.Pwrinstance with the received  gpioPin as its pin

argument, saves its reference in the pwih#¥=hog/#dgg#fdoov#lwv#
period us #phwkrg#wr#frg=jxuh#wkh#SZP#shulrg#wr#:33

seconds (700 ps). This way, the output duty cycle w ill deter -
mine the percentage of the 700 ps period during whi ch the
signal is in the on state.

For example, a 0.10 (10 percent) output duty cycle m eans
that the signal is on during 70 ps of the 700 ps pe riod.



ORACLE.COM/JAVAMAGAUMHEITTTITTTTINTTITINIIT

//internet of things /

the _constructor calls the
g lemethod with  true as a
arameter to set the enable status
of the PWM-enabled pin and
the code to start setting
\Zét utput duty-cycle percentage
for the PWM pin with calls to the

t(Bwtrh\eTe method.

, the constructor
LAMetBnghtnessLevel
&df@’(o as the value for

the brightnessLevel argument.
This way, the constructor sets the
brightness level to O for the LED

Finally, the code saves the valid brightness level in the

brightnessLevel #=hog/#zklfk#Iv#uhdgOrqgo|#dffhvvieoh#w

the getBrightnessLevel method. The last line prints details

derxw#wkh#euljkwghvv#ohyho#vhw#w##zZWwkih#dO#H G#1gh
gdph#dqg#zluhg#wr#d#vshfl=f#slq#qxpfeshud g wWdk #o01lq

with System.out.format , and it is possible to see the output

zkhg#|rx#uxq#wkh#jhghudwhg#MDU#=o0ohut#ireé&rxjk#wkl

running commands through SSH on Yocto Linux running on

wkh#erdugl#L!oo#glyh#ghhs#rq#wkh#ekhcov#ri#sul

information later.

Measuring Ambient Light via Analog Input
Now, | create a new Voltagelnput class that represents a volt-
age source connected to an analog input pin on the board. The

zluhg#wr#wkh#vshfl=hg#slq#dlevpreglinégs show the code for this new class:
dqg#wxuqv#r<#wkh#OHG1l#Vshfl=fdoo|/#
wkh#fdoo#wxuqv#r<#d#vshfl=f#froru#0JE# QiHG#aagswdit&gelnput {

The class declares a setBrightnessLevel method that
translates a brightness level from 0 to 255 (inclus ive) into
the appropriate output duty-cycle value for the PWM pin.
The method receives a brightness level int value in the
brightnessLevel argument.

First, the code makes sure that the brightness leve lis
a value between 0 and 255 (inclusive). If the value Is out of
range, the code uses either the lower-level or the upper-
level value and saves it in the  validBrightnessLevel
local variable.

Then, the code calculates the required output duty-
cycle percentage for the PWM pin to represent the b right-

private final int analogPin;
private final Aio aio;

public Voltagelnput(int analogPin) {
this.analogPin = analogPin;
this.aio = new Aio(analogPin);
/I Configure the ADC
/I (short for Analog-to-Digital Converter)
/l resolution to 12 bits (0 to 4095)
this.aio.setBit(12);

ghvv#ohyho#dv#d#>rdw#ydoxh#ehw ZBBesthal 8 ghd#) getiBlic3figat getVoltage() {

and O percent). It is necessary to divide the valid brightness
level ( validBrightnessLevel ) by 255f. The code saves the
value in the convertedLevel variable. The next line calls the
this.pwm.write method with the  convertedLevel variable for
the percentage argument and sets the output duty cy cle for

wkh#slg#frg=jxuhg#dv#wkh#SZOwexKed evet.wr#
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long rawValue = this.aio.read();
float voltageValue =

rawValue / 4095f * 5f;
return voltageValue;




public int getAnalogPin() { | have a class that allows me to retrieve a voltage

return analogPin; value from a voltage source. Now, | will create a n ew Simple
} LightSensor class that represents the photoresistor, which
} is included in the voltage divider and wired to an analog
pin of the board. The new class uses the previously coded
When | create an instance of the ~ Voltagelnput class, itis Voltagelnput class that reads and transforms an analog
necessary to specify, inthe  analogPin int argument, the input. The new class allows me to transform a volta ge value
analog pin number to which the voltage source is co nnected. into a light measurement and description. The follo wing lines
The constructor saves the received analog pin numbe rin show the code for this new class:
the analogPin#=hog/#zklfk#lv#uhdgOrqo|#dffhvvieoh#wkurxjk#
the getAnalogPin method. Then, the constructor creates a class SimpleLightSensor {
new mraa.Aio instance with the received  analogPin as its pin /I Light-level descriptions
argument, saves its reference in the aio #=hog/#dqgg#fdoov#lwulic static final String
setBit #phwkrg#wr#frg=jxuh#wkh#dgdorjOwrOg#jlwdo# flg EXTREMELY DARK = "Extremely dark";
(ADC) resolution to 12 bits. This way, the ADC will provide public static final String
4,096 possible values (2 2 = 4096) to represent from OV to 5V. A LL_VERY_DARK ="Very dark";
0 value read from the ADC represents 0V, and 4095 m eans 5V. public static final String
It is necessary to apply a linear function to conve rt the LL_JUST_DARK = "Just dark";
raw values read from the analog pin and map them to the public static final String
corresponding input voltage values. Thus, the code multiplies LL_SUNNY_DAY = "Like a sunny day";
the raw value read from the analog pin by 5 and div ides it by /l Maximum voltages that determine the light level
4095 to obtain the input voltage value from the raw value. private static final float
As | am using 12 bits of resolution, the detected v alues will EXTREMELY_ DARK = 2.1f;
have a step of 5V / 4095 = 0.001220012V, that is, a  pproximately private static final float
1.22 millivolts. VERY_DARK = 3.1f;
The Voltagelnput class declares a getVoltage method private static final float
that calls the this.aio.read method to retrieve the raw value JUST_DARK = 4.05f;
from the analog pin and saves it in the rawValuelong vari -
able. The code saves the value in this variable to make it private final Voltagelnput voltagelnput;
easy to debug and understand how the code works. Th en, the private float measuredVoltage = Of;
method calculates the result of dividing rawValueby 4,095 private String lightLevel =
dgg#pxowlso|lqj#lw#e|#8/#dqg#vdwoliggewame# w k h# > SimpteLightSensor.LL_SUNNY_DAY;
variable. Finally, the method returns the value of the
voltageValue variable. This way, the method returns the public SimpleLightSensor(int analogPin) {
voltage value, converted from the raw value retriev ed by the this.voltagelnput =
this.aio.read  method. new Voltagelnput(analogPin);
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//internet of things /

this.measureLight();

}

public void measureLight() {
this.measuredVoltage =
this.voltagelnput.getVoltage();

if (this.measuredVoltage <
SimpleLightSensor.EXTREMELY_DARK) {
this.lightLevel =

SimpleLightSensor.LL_EXTREMELY_DARK;

} else if (this.measuredVoltage <
SimpleLightSensor.VERY_DARK) {
this.lightLevel =

SimpleLightSensor.LL_VERY_DARK;

} else if (this.measuredVoltage <
SimpleLightSensor.JUST_DARK) {
this.lightLevel =

SimpleLightSensor.LL_JUST_DARK;

} else {

this.lightLevel =
SimpleLightSensor.LL_SUNNY_DAY;

public String getLightLevel() {
return this.lightLevel,

the environment is very dark. If
the retrieved voltage is lower than
4.05V, the environment is just barely

asSs

dark. These values work with a spe- Volta
fl=f#skrwruhvivwru>#|rx#pljk I| ht
to check the voltage values that g

ghwhuplgh#vshfl=f#hqylurgp Nt ar

|[rxu#rzq#frg=jxudwlrql#Lw#l
sary to change only the values of the
fodvv#=hogvl

The main goal for the  Simple
LightSensor class is to convert a
guantitative value (a voltage value) into a qualitat ive value (an
ambient light description). The class declares the following
irxu#fodvv#=hogv#zliwk#wkh#ghvfulsw#odhwhiou#wkh#o
o LL_ EXTREMELY_DARK
o LL_VERY_DARK
o LL_JUST_DARK
o LL_SUNNY_DAY
When | create an instance of the ~ SimpleLightSensor class,
| need to specify inthe  analogPin argument, which is the
analog pin number to which the voltage divider that includes
the photoresistor is connected. The constructor cre ates a new
Voltagelnput instance with the received  analogPin argu-
ment and saves its reference in the voltagelnput #=hogl#Wkh#
next line calls the  measurelLight method that transforms
the voltage value retrieved with the Voltagelnput instance
(this.voltagelnput ) into a description of the light level.

The class declares the measureLight method, which saves

Wkh#fodvv#gh=qghv#wkh#iroorzlqj#w k khfk#hosch/A\ i #heo\pltdgezvalue retrieved by calling the this.voltagelnput

the maximum voltage values that determine each ligh t level.
o EXTREMELY DA2RK

o VERY_ DARKYV

o JUST_DARKO5V

If the retrieved voltage is lower than 2.1V, the en vironment
is extremely dark. If the retrieved voltage is lowe r than 3V,
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.getVoltage method inthe measuredVoltaget=hogl#Wkhq/#
wkh#gh{w#olghv#xvh#wkh#suhylrxvo|#hdesddrdghg#fod\
determine whether the value of the measuredVoltaget=hog#lv#

lower than the maximum voltages that determine each light a
level. The code sets the appropriate value for the lightLevel
=hog#dffruglgj#wr#wkh#phdvxuhg#yrowtwh#ty# oxh




possible to access the light level description by ¢ alling the }
getLightLevel method.
public void updateLedsBasedOnLight() {

Controlling One Input and Three Outputs with a String lightLevel =

Board Manager this.lightSensor.getLightLevel();

Now, | will create anew BoardManageclass that creates an switch (lightLevel) {

instance of the previously coded SimpleLightSensor class and case SimpleLightSensor.LL_EXTREMELY_ DARK:
three instances of the ~ VariableBrightnessLed class. This way, this.setRGBBrightnessLevel(255);

there is one instance of the ~ VariableBrightnessLed class for break;

hdfk#froru#frpsrghqw#ri#wkh#UJE# O H GAdW lkly# 0 d v v #caad SimpleLightSensor.LL_VERY_DARK:
zkhg#wkh#dpelhgw#oljkw#fkdqjhv1#V shvV#ibgnoxMiwwikeh # f ahis.setRGBBrightnessLevel(128);

the brightness for the three color components of th e RGB LED break;
based on the measured ambient light. The following lines case SimpleLightSensor.LL_JUST_DARK:
show the code for this new class: this.setRGBBrightnessLevel(64);
break;
class BoardManager { default:
public final SimpleLightSensor lightSensor; this.setRGBBrightnessLevel(0);
public final VariableBrightnessLed redLed; break;
public final VariableBrightnessLed greenLed; }
public final VariableBrightnessLed bluelLed; }
}
public BoardManager() {
this.lightSensor = The BoardManage#tfodvv#ghfoduhv#wkh#iroorzlqj#irxu#=h
new SimpleLightSensor(0); the constructor initializes:
this.redLed = o lightSensor : Aninstance of SimpleLightSensor, which
new VariableBrightnessLed(6, "Red"); represents the photoresistor included in the voltag e divider
this.greenLed = connected to the analog pin labeled AO.
new VariableBrightnessLed(5, "Green"); o redLed: Aninstance of VariableBrightnessLed , which rep -
this.blueLed = resents the red component of the RGB LED connected to the
new VariableBrightnessLed(3, "Blue"); GPIO pin labeled ~6.
} o greenLed An instance of VariableBrightnessLed , which
represents the green component of the RGB LED conne cted
public void setRGBBrightnessLevel(int value) { to the GPIO pin labeled ~5.
this.redLed.setBrightnessLevel(value); o blueLed: An instance of VariableBrightnessLed , which rep -
this.greenLed.setBrightnessLevel(value); resents the blue component of the RGB LED connected to
this.blueLed.setBrightnessLevel(value); the GPIO pin labeled ~3. .
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//internet of things /

The setRGBBrightnessLevel method calls the  set
BrightnessLevel method for the three  VariableBrightness
Ledinstances with the  value received as an argument. This
way, the three color components of the RGB LED are set to
the same brightness level through a single call.

The updateLedsBasedOnLighimethod retrieves the
lightlevel description from the SimpleLightSensor instance
and calls the previously explained setRGBBrightnessLevel
method to set the brightness level for the three co mponents
of the RGB LED based on the measured light. If it i S extremely
dark the brightness level

255. If it is very
tﬁt brightness level
@Ee aSSt IS just
antitaitive =

\Lﬁm"@@ﬁi@” o

@eram ezlatED
Iv#frpsohwho|#r<1
Now, | will write code

that uses the BoardManager

class to measure the

ambient light and set the brightness for the three color
components of the RGB LED based on the measured amb -
ent light. The following lines show the code for th e new
AmbientLightAndLedclass:

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

String lastlightLevel ="

BoardManager board = new BoardManager();

while (true) {
board.lightSensor.measureLight();
String newLightLevel =

board.lightSensor.getLightLevel();

if (newLightLevel != lastlightLevel) {
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I/l The measured light level has changed
lastlightLevel = newLightLevel,
System.out.format(
"Measured light level: %s%n",
newLightLevel);
board.updateLedsBasedOnLight();

}

try {
Thread.sleep(1000);

} catch (InterruptedException e) {
System.err.format(
"Sleep interruption: %s",
e.toString());

The class declares the mainmethod that is executed when |
upload and launch the project on the board. First, the method
initializes the  lastLightLevel local variable with an empty
String and creates an instance of the BoardManageclass
named board. Then, the method runs a loop forever.
The loop calls the  board.lightSensor.measureLight
method to update the ambient light measurement. The next
line saves the lightlevel description retrieved wi th the call
to board.lightSensor.getLightLevel inthe newLightLevel
orfdo#yduldeohl#Li#wkh#qhz#oljkwdoghiwhloh# o#g b u h
recorded ambient light level, the code updates the value for
the lastLightLevel variable, prints the measured light level,
and calls the board.updateLedsBasedOnLighimethod.
\rx#fdg#uxg#wkh#h{dpsoh#dqg#xvh#d##dvkoljkw#
smartphone to move light over the photoresistor. Yo u should
see the printed messages and see that the RGB dims and a
=qdoo|#wxuqv#r<1#Diwhu#|rx#uhgxfhﬂwlkhriqoljkw#-#

ment, the RGB LED increases its brightness.
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Listening for transport dt_socket at address: 8009

Red LED connected to PWM Pin #6 set to brightness level 0.
Green LED connected to PWM Pin #5 set to brightness level 0.
Blue LED connected to PWM Pin #3 set to brightness level 0.
Measured light level: Extremely dark

Red LED connected to PWM Pin #6 set to brightness level 255.
Green LED connected to PWM Pin #5 set to brightness level 255.
Blue LED connected to PWM Pin #3 set to brightness level 255.
Measured light level: Extremely dark

Red LED connected to PWM Pin #6 set to brightness level 128.
Green LED connected to PWM Pin #5 set to brightness level 128.
Blue LED connected to PWM Pin #3 set to brightness level 128.

Figure 2Console messages

Figure & an example of the output shown in the console

window of the IDE. The console window displays all the mes-
sages | printed, which makes it easy for me to unde rstand
what should happen with the components.

Conclusion

This simple example demonstrates that you can take advan-
tage of Java SE 8 to create high-evel code that in teracts with
loT components on the Intel Galileo Gen 2 board. Th e mraa
and upm libraries are regularly updated, and combin ing them
with Java makes it easy to leverage your existing k nowledge

wr#xqghuwdnh#LrW#surmhfwv#wkdw#] gw h uagld wH

inputs, outputs, sensors, displays, and actuators. </article>

Gaston Hillf@gastonhillar) has been working as a softwe
architect with Java since its rst release. He has 20 yea
rience designing and developing software. He is the au
books related to software development, hardware, elec

the Internet of Things.

Yocto Poky Linux image from the Yocto Project

Intel System Studio loT Edition User Guide for Java
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FEATURED JDK ENHANCEMENT PROPOSAL

This recent enhancement proposal suggests that the
JDK tools that are run from the command line should

share a common syntax for passed-in arguments. As t he
document points out, at present JDK tools don't sha rea
common syntactical convention for switches. For exa m-
ple, the help command, which most readers will agre e
should be consistent across all tools, varies betwe en -?,
-help , and --help .

While JEP 293 primarily advocates uniformity in
future command-line JDK products, it also suggests

that a useful format to adopt would be the set of G NU
syntax conventions, described in large part in getopt(3) .
These conventions use a single hyphen for single-le tter
options (which can be combined) and a double hyphen

for the so-called “long” options. Although this choi ce
is likely best because it's familiar to many users and

oleudulhv#h{lvw#wkdw#douhdg|#sdshhuwBvv#v|qwd{/7
from its own peculiarities (  -W#Iv#uhvhuyhg,#dqg#frg>1fwv#

at points with the POSIX syntax. Of course, this ki nd of
dialogue is precisely the point of these JEPs—to in vite
the community to share its views on potential chang es

to the JDK.
This proposal wisely doesn't advocate changing the

options of existing tools, so no compatibility brea kage
is envisioned. Instead, it recommends that new rele ases
all support the agreed-upon syntax, and, presumably ;
that existing tools eventually add duplicate switch es to

attain conformity.
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Raspberry Pi—Controlled CNC Rou

Programming the Raspberry Pi to manage cutting, carving, and routing

( :;IC routers are very useful tools for creating physi cal
bjects by carving material out of blocks of wood, plastic,

or even soft metals. ( CNCstands for computer numerical
control and simply indicates that the routers are directed by
computers.) They are the opposite of a 3-D printer, which
creates objects by adding material, but they are eq ually use -

IXO1l#Ehvighv#fxwwlqgj#rxw#>dw#remd#wh p# g ftowr k isérfdinglcommands to an attached router that uses ei

material in small layers you can carve complex 3-D
into durable materials.

Traditionally CNC routing was limited to large indu S-
trial machines, but modern desktop CNC routers are small

geometries

hqgrxjk#wr#=w#ehvigh#|rxu#frpsxwhul#hW htpd 8 wh# u hithdnvdrgate a new project in your favorite IDE (I h

t and shav-
, SO they

and have full enclosures to limit the spread of dus
ings. They use motors similar to 3-D printer motors

\rx#fdg#=qg#wkh#frpsohwh#frgh#iru#w¥hgth{dpsoh
this article on  GitHub .

Connecting to the Router

For sending data to the router, | use the Universal Gcode
Sender project by Will Winder. It exposes a simple API for
ther a
Grbl or TinyG controller.
To start, download the latest version of UniversalG code

Sender (version 1.0.9, as of the writing of this ar ticle) from the

download page .

appen
to be using NetBeans) and include the UniversalGcode Sender
Imdu#=oh#dv#d#ghshqghqf|#Iqg#|rxu#b&dnhkfdlogh\z ¥# f d

kdyh#yhu|#kljk#dffxudf|#wkdw#fdq#ehHRviyd#nwd i Ebarredtion © the router as follows:

in carvings. And they are relatively easy to contro I, because
they accept standard G-code instructions from an at tached
computer or microcontroller. G-code is a simple tex tbased
language for describing low-level machine instructi ons that
control a CNC router, 3-D printer, or other machine ry. There
are G-code commands to control coordinates, movemen t,
rotation, and other machine functions.

In this article, | show you how to interface with t he
Nomad 883 Pro router produced by Carbide 3D. This r outer
accepts G-code over a serial connection and uses a Grbl con-
troller on an embedded Arduino board. If you are us ing a

static GrblController grblController;
static final CutterListener listener =
new CutterListener();
static String PORT_NAME = "/dev/ttyACMOQ";

public static void main(String[] args) throws Exception {
I/l Send decimals with "." instead of ",":

Locale.setDefault(Locale.ENGLISH);
grbiController = new GrblController();

gl<huhgw#sulgwhu#wkhuh#zloo#prvw#dDfhoph#e h#grblCompier.addListener(listener);

Iglwldol}dwlrg#lgvwuxfwlrqv#dqg#srvwirea ¢ defaH ¢ # grblantroller.setSingleStepMode(true);

erdug/#vr#fkhfn#|rxu#sulqgwhu#vshfl=fdwlrqvl
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Boolean openCommPort =
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//internet of things /

grblController.openCommPort(PORT_NAME, 115200);
if (openCommPort != true) {
throw new lllegalStateException(
"Cannot open connection to the cutter");

PORT NAMIEv#d#frquwdqgw#wkdw#vshfl=hv#wkh#v h yprdung st a slaiarx u #

router is using, and 115200 is the baud rate at whi ch your
router communicates. To determine the port name of your
router on Mac OS X or Linux, check the output of th e dmesg
command right after connecting the router. On Windo ws,
you can use Device Manager to determine the port na me by
checking the Ports section for attached devices.

Note that | am using single-step mode to avoid erro rs on
the Nomad 883 Pro. It prefers commands to be sent s equen-

tially rather than having them be queued.

Once you have determined the correct port name and ini -
tiated a connection to the router, the next step is to initiate the
router's homing and tool-measurement step. To initi alize the
Nomad 883 Pro, | execute the following G-code comma nds:

static final List<String> PROBE1 =
Arrays.asList("G4P0.005", "M05", "G92.1",
"G54","G10 L2 P1 X0 YO z0", "G21",
"G49", "G90", "G10 L2 P1 X0 YO z0",
"GO X-2.5 Z-5", "GO0 Z-35.000",
"G38.2Z-105 F800", "G4P0.005");

static final List<String> PROBE2 =
Arrays.asList("GO0 Z-70",
"G38.2Z-182.675F200.0", "G4P0.005");
static final List<String> PROBE3 =
Arrays.asList("GO z-5", "GO X-5");
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PROBAHiitializes the
coordinate system and
moves to the probe
location. Then it checks
the probe length at

a rate of 800 mm/m.
PROBE#Rpeats the

more accurate speed
of 200 mm/m. Finally,
PROBHE#Boves the head away from the work surface and back
to the home position.

Because the GrblController is designed to be asynchro-
nous, issuing commands requires a little bit of wor k. To sim-
plify this process, | created some wrapper commands that
vhagg#frppdggv#dqg#zdlw#iru#wkhp#wr#vgwkl#XvIqj#
wrapper methods, here is the initialization cycle:

waitForConnection();
homeAndWait();
sendSequenceAndWait(PROBEL1);
sendSequenceAndWait(PROBE?2);
sendSequenceAndWait(PROBED3);

Before you can issue commands, the initialization c ycle of the
urxwhu#kdv#wr#=qlvk1l#Ilru#wklv/#d#zdwk#*dolvwe o | h
ization messages from the CNC router:

private static void waitForConnection()
throws InterruptedException {
synchronized (listener) {
while (!listener.connected) {
listener.wait();

S
| _



//internet of things /

The implementation of ~ homeAndWadalls the underlying
performHomingMethodn the controller and then waits for the

frppdgg#wr#=qlvk#h{hfxwlqj/#dv#vkrzq#khuh=

static void homeAndWait() throws Exception {
synchronized(listener) {
listener.commandComplete = false;
grblController.performHomingCycle();
while (!listener.commandComplete) {
listener.wait();

}
}
}
The implementation of ~ sendSequenceAndWasimply iter -
ates through the array and sends each stringas a s eparate
command, after which it waits for the stream of com mands
wr#=qlvk=

static void sendSequenceAndWait(List<String> sequence)
throws Exception {
synchronized(listener) {
grblController.queueCommands(sequence);
listener.fileStreamComplete = false;
grblController.beginStreaming();
while (listener.fileStreamComplete) {
listener.wait();

}
}
}

All these methods reference a listener that | need to implement

volatile boolean connected,;

volatile boolean commandComplete;
volatile boolean fileStreamComplete;
double prbZ;

@Override
public synchronized void fileStreamComplete(
String string, boolean bin) {
fileStreamComplete = true;
notify();

}

@Override
public synchronized void commandComplete(
GcodeCommand gc) {
commandComplete = true;

notify();
}

@Override
public void messageForConsole(
String msg, Boolean verbose) {
if ('verbose &&
msg.startsWith("['$H'|'$X' to unlock]™")) {
synchronized (this) {
connected = true;

notify();
}

}
if ('verbose && msg.startsWith("[PRB:")) {

String pattern =

"\[PRB\\:-[0-9]*\\.[0-9]*,-[0-9]*\\.[0-9]*," +

wr#=qg#rxw#zkhg#wkh#frppdqgv#dqgg#vwuldpv#duh#BOeQ\k [0-9]*)\\: 1\\]";

static class CutterListener
implements ControllerListener {
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Matcher matcher =
Pattern.compile(pattern).matcher(msg);
if (matcher.find()) {




}

/I Additional empty methods omitted

Executing this program homes the router and runs th
algorithm to test the length of the tool. The last

prbZ =

Double.parseDouble(matcher.group(1));

CNC router, and then click the Open button.

Once the router is connected, it is in a “WARN” stat e,
because the router has not been homed. Navigate to the
Machine Control  tab and click the $H button to send a hom-
ing command.

Now you can manually control the router head by usi ng
the X, Y, and Z movement buttons. Start with a course move-
ment speed to get the head close to the work surfac e, and

wkhqg#fkdqgjh#wr#d#=qghu#pryhphqgw#vshhgétd##|rx#jhw
Using a piece of paper, get the head as close to th e work sur-

face as you can without touching the paper, as show nin

Figure.1

sduvhv#wkh#sureh#rxwsxw#wr#=qg#wkwkforxwlgushiE#y doxh#iru#]#vkrzq#MaglgielPosition #

when the end-mill’s tip is touching the probe. To o
probe coordinates and cleanly shut down the router,
=qglvk#e|#xviqgj#wkh#iroorzlqgj#frgh=

System.out.printin(
"PRB_Z =" + listener.prbZ);

TimeUni

t. SECONDS.sleep(5);

grblController.closeCommpPort();

Write down the value of

Calculating the Workspace Location

PRB_,because you will need it for
fdofxodwlqgj#wkh#r<vhw#wr#wkh#zrunsodqghl

section of the screen tells you where the top of yo ur work
surface is. Record this valueas WRK.Z

To calculate the PROBE_OFFSlisé the following formulas:
PROBE_OFFSET =PRB_Z- WRK Z-5

Plugging in the values that | got from my machine g ives me:

Wr#=jxuh#rxw#wkh#zrunvsdfh#orfdwlrqd#frxet|gthhg#wr#pd

move the router to touch the surface of the work ar
UniversalGcodeSender

easiest way to do this is to open the
xvhu#lgwhuidfhl#Wr#uxq#lw/#xvh#wkhpisshufisd#dwh#sodw

script or simply type the following at the command
java -jar UniversalGcodeSender.jar

The Ul lets you specify the port and the baud rate.
same values you used in your Java program to connec

HIREITTTTTTTTTTTTT]
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Choose the

Figure IPutting the head close to the work surface .



PROBE_OFFSET =-85.525-(-91.57) -5 location of equally spaced points along a circle. F or a circle of

PROBE_OFFSET = 1.045 radius Rand a star with P#srliqwv/#|rx#fdq#=qg#wkh#orfdwlr
an outer vertex, V, by using the following algorithm:

Once you have calculated the PROBE_OFF3dt your machine,

you can accurately and repeatedly cut through objec ts to the X =cos(v*360/P)
top of your work surface. y =sin(v * 360 / P)
Wr#prgli|#p|#surjudp#wr#xvh#wkh#ghz#shi#eh#r<vhw#ydo
| calculated, | am going to reset the coordinate sy stem after Frgyhuwlgj#wklv#wr#udgldqv#+zkhuh#&d B#gh uhhv#Iv
performing the homing and probing steps. To do this , luse a radians), you get the following:
G10L2@5-code command.
This G-code command enables you to specify X, Y, an d x=cos(v*2 /P)

J#ydoxhv#iru#twkh#qghz#frruglgdwh#vddfh# v i # Fvsidw v / P)
wkdw#kdv#wkh#qghz#frruglgdwhv#vshfl=hg=

To complete the algorithm, you also need to calcula te the
static final String COORDINATE_RESET_TEMPLATE inner vertices, which occur halfway between each of the outer
="G10 L20 PO X220 Y205"; /I Z is added based on PRB_Z vertices. A more generalized algorithm in Java code that gives

you both inner and outer vertices is the following:
The PO#prgl=hu#vshfl=hv#wkdw#|rx#duh#prglw#qj#wkh#ghidxo

coordinate system. The X and Y values should be abo ut right for (int i=0; i<points * 2; i++) {
iru#dq|#Qrpdg#;;6#Sur/#exw#wkh#]#y daixduhdh tx | uldewbperu=1%2 ==0 ?
sion and should be set using the PROBE_OFF3S&e you cal- innerRadius : outerRadius;
culated earlier. double x = Math.cos(i * Math.Pl/points) * r;
Wr#vhw#wkh#]#ydoxh/#dgg#wkh#irolo#zluyjetod g hdbdble i eAdmth.sin(i * Math.Pl/points) * r;
sequence: }
sendCommandAndWait( Now that | know the vertices for creating a star, | can out-
COORDINATE_RESET_TEMPLATE +" Z" + put G-code that will tell the CNC router to trace t he outline.
(PROBE_OFFSET - listener.prb2)); These are the relevant G-code instructions:
e GO=#Udslgo|#pryh#wr#d#vshfl=f#orfdwlrql
Building a Path o G1 Perform a linear move to a location.
To demonstrate how you can generate G-code from wit hin Erwk#ri#wkhvh#phwkrgv#wdnh#rswlrqdphWhWet qg# | #
Java programmatically, I'll create a simple geometr ic algo- in decimal format for the location to move to.
rithm to cut out a star pattern. Because I'm doing this in code, To get the starting location of the star, you simpl y need
| can make the number of points and the size of the inner and wr#fdofxodwh#wkh#srviwlrqg#ri#wkh #elbwgwioy h#ti w h {4 F
rxwhu#udglxv#frg=jxudeohl sin(0) is 0 and cos(0) is 1, so the earlier algorithm Is reduced to
The basic algorithm for creating a star is to calcu late the the following: .
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X = innerRadius; And the full drawStar function to create the G-code for trac-
y =0; ing all of the points of the star is shown here:

Xviqgj#dqg#r<vhw#wr#khos#fhqwhu#wkd#hd 4 d ¢ yg#stekib £Br<tttrthg> drawStar(

applying the previously mentioned G-code functions, you get int points, double innerRadius,
the following function for moving to the starting | ocation of double outerRadius, double offset) {
the star: List<String> gcode =
new ArrayList<>(points * 2 + 1);
static void moveToStart( for (int i=0; i<points * 2; i++) {
double innerRadius, double offset) doubler=i%2==07?
throws Exception { innerRadius : outerRadius;
sendCommandAndWait( double x =
"GOX" + Math.cos(i * Math.Pl/points) * r;
String.format("%.3f", innerRadius + offset) + doubley =
"Y'+ Math.sin(i * Math.PI/points) * r;
String.format("%.3f", offset) + gcode.add("G1X" +
"Z" + String.format("%.3f", x + offset) +
String.format("%.3f", MATERIAL_THICKNESS + 1)); "Y'+
} String.format("%.3f", y + offset));
}
Wklv#xvhv#d#prgl=hg#yh wehdseqieaceArd\Wait gcode.add(gcode.get(0));
function that takes a single command. Here is the ¢ ode for return gcode;
that function: }
static void sendCommandAndWait(String sequence) To complete the example, | need a few extra G-code sequences:
throws Exception {
synchronized(listener) { static final List<String> START_SPINDLE =
grblController.queueCommand(sequence); Arrays.asList("G21", "G90", "M3 S9000");
listener.fileStreamComplete = false; static final List<String> END_SEQUENCE =
grblController.beginStreaming(); Arrays.asList("M5", "$H", "M30");
while (listener.fileStreamComplete) {
listener.wait(); Wkhvh#vhtxhgfhv#duh#xvhg#dw#gl<hutdw#wlphvi1#)\
} sequence in the code above sets the units to metric (G2},
} sets absolute distance mode (  G90), and starts the spindle
} (M3 S900p The second sequence is an end sequence that
stops the spindle (M5, homes the head ( $H, and then .
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ends the program ( M3Q
| also need to support multiple passes through the mate-

rial, because acrylic is too hard to cut in one pas s. For a 1/8-
inch thick piece of acrylic, | recommend seven pass es, each
incrementally deeper. The following code calls the drawStar

function multiple times to accomplish that:

sendSequenceAndWait(START_SPINDLE);
moveToStart(50, 100);
for (inti=1;i<=Z_STEPS; i++) {
double newZ = MATERIAL_THICKNESS *
(Z_STEPS - i)/ Z_STEPS;
sendCommandAndWait(
"G1Z" + String.format("%.3f", newZ) +
"F355.600"),
sendCommandAndWait("F1117.600");
sendSequenceAndWait(
drawStar(9, 50, 90, 100));

}
sendSequenceAndWait(END_SEQUENCE);

This code makes use of a new argument, F to Glltisthe
feed rate. You can also call this code by itself to set the feed
rate for subsequent linear operations. Finally, the re are two

parameters, the MATERIAL THICKN&®Swmber of Z STERS

that you can set based on the material you are usin g:

static final int Z_ STEPS =7;
static final double
MATERIAL _THICKNESS =25.4 * 1/8;

Raofh#|rx#duh#frg=ghqw#wkdw#|rx#kdyhfld#zrunlqj#«
tion, load a piece of acrylic plastic into your Nom ad 883 Pro, and
run the program again. The router should slowly cut the acrylic
layer by layer until it gets just above the router’ s wasteboard.

Upon completion, vacuum up the plastic scraps and ¢ are-
ixoo|#uhpryh#wkh#=qlvkhg#slhfh#iurpkhrw&#wud]|1l#\rx
have a perfectly cut star similar to the one shown in Figure 2

Running the Code on the Raspberry Pi

Running the code on the Raspberry Pi is the easiest part of

the process described in this article. Java 8 comes bundled
with the standard Raspbian Linux distribution, so i f you have
an up-to-date installation, you already have Java r eady to go.
And if you are using NetBeans, there is built-in su pport for
running the code on the Raspberry Pi using the Remo te Java

Platform functionality.
Wr#vhw#xs#|rxu#Udvsehuu|#SI#Ig#Qhw&W bdoojv=Hru #w
1. Inthe Tools menu, choose Java Platforms
2. Click Add Platform and select Remote Java Standard
Edition .

Just to make sure the program is working correctly, you
plikw#zdgw#wr#shuirup#d#=uvw#uxq#ghwghgmwkhdwhuldo#l
machine. If anything unexpected happens, killing th e Java

program or pressing the power switch on the Nomad 8 83 Pro

will immmediately stop the operation.
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Figure 2An acrylic star cut usingpitesentedode .



3. Name your platform whatever you like and set the fo -
lowing values (as shown in  Figure )3

a. For Host , specify your Raspberry Pi's IP address.

b. For Username , specify the SSH user (the default is pi).

c. For Password , specify the SSH password (the default
is raspberry ).

d. For Remote JRE Path , specify the location of Java 8.
Note: Use sudo update-alternatives --display java
wr#=qg#wkh#sdwkl

4. Click Finish .

Now you have a working JRE setup. To enable this in your
project, open the Project Properties dialog box, se lect the Run
category, and from the  Runtime Platform list, select the new

platform you created. You will be prompted to save the new

HIREITTTTTTTTTTTTT]

Figure 3The con guration screen in NetBeans
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frg=jxudwlrq/#zklfk#|rx#fdqg#qdph#dq|wklqj#|rx#o0olnhl
Wkh#=qdo#vwhs#lv#wr#prgli|#wkh#frgh#wr#fkdqjh

name to match how the Nomad 883 Pro shows up under

Raspbian Linux. This port name will be available wh

run the dmesgommand after connecting the router via a

USB. For me, the following value worked:

en you

static String PORT_NAME = "/dev/ttyACMO";

Rgfh#wklv#lv#doo#vhw#xs/#|rx#fdq#eodvgklex|/#dqg7

sample code | provided on the Raspberry Pi right fr om your
IDE. The advantage of running the code on the Raspb erry Pi
Is that you can execute the application without hav ing a com-
puter hooked up, which frees your expensive laptop or desk-
top from issuing repetitive serial commands. Also, because
the Raspberry Pi is a dedicated device, the chance of timing

delays or system crashes is greatly reduced.

For more information about running Java on the Rasp -
berry Pi, check out the book  Raspberry Pi with Java: Program-
ming the Internet of Things (IoT) from Oracle Press. [A chapter

from that book appeared in the May/June 2015 issue of Java
Magazine . —Ed]

Conclusion

What this project shows is that a lot of the basic program-

plgj#ri#ghylfhv#frqvlivwv#ri#frg=jxulqj#wkih#yh# xs#wr
commands from a Java program and then sending those com-
mands to the device in a format it understands. The Java tool-
ing and its large ecosystem of software for devices makes this

particularly easy. </article>

Stephen Chirs the lead Java community manager at Oracle
Technology Network, autRarspberry Pi with Jagauthor of

Pro JavaFX Platicamd JavaOne community chair. He is a ve*
time Rock Star Award recipient. Chin interviews hackers in‘thei
natural habitat and posts the videgs/orighthacking.com/ .
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Using the Cloud with loT

By pushing device control and analytics into an loT-speci cadsurhrdbe

remotely managed and operated.

I he growing area of the Internet of Things (loT) is a n end-

to-end discipline involving the integration of remo te
devices (sensors, controllers, actuators, and so on ) with
server-side analytics, monitoring, database storage , and
enterprise integration. Reliable distributed commun ication
is also a must. Because of the many platforms, devi ces, and
discrete activities that must be bound together, th e multi-

platform nature of Java makes it an ideal language to work in.
What's frequently needed, however, is a platform or

framework to help organize all of the related busin ess and

technical activities that go into an loT applicatio n. This is
where the cloud can help.
With respect to the cloud, there are three importan t
points to remember:
¢ The cloud is more than someone else’s data center. Look
past infrastructure and toward platform as a servic e (PaaS),
where you're insulated from details such as servers , load

edodqgfhuv/#foxvwhuv/#gdwdedvh#vl}hgl#d qg #f reprove wld alerts. Oracle 10T Cloud Service makes t

Instead, focus on solving problems and writing code

e SddV#vhuylfhv#r<hu#zd|v#wr#lpsohphdgw#dqd o $eelthisHinvdctom, I'll examine what it takes to b

eters to business owners who know the problem domai n and
are in touch with users. In this article, | explore this approach
with an example using Oracle Internet of Things Clo ud
Service (hereafter called Oracle loT Cloud Service or loTCS).

Using Java and Oracle loT Cloud Service
Being a PaaS service, Oracle IoT Cloud Service enab les you to
focus on building solutions instead of worrying abo ut servers,
software updates, manual deployment, load balancing , and
other infrastructure issues.
Udwkhu#wkdqg#r<hulgj#mxvw#sodlqOyddtHood#SddV
surylghuv#lqfuhdviqjo|#r<hu#vshfldol}hggpdqhphqgwd
frameworks in the cloud, such as Oracle loT Cloud S ervice, to
pdnh#lw#hdvlihu#iru#|rx#wr#exl|og#dswswo#how ung i z | wk:;
management, and code.
For loT analytics, this often means being able to m odify
thresholds, add new alerts based on new conditions, and
hese tasks
rules. To
uild a cloud

simple with its built-in Streams Explorer analytics

don't replace the fun of Java coding, but instead r educe application using these services.
tedious tasks. Looking at the IoTCS documentation , you'll notice many
¢ The cloud puts the power of customer- and business- driven REST APIs, rules-based analytics, and integration w ith busi-
changes in the hands of business owners. This reduc es the ness intelligence, mobile devices, and enterprise s ystems
need for developers to make minor changes and tweak S. based on packages and adapters. It might not be app arent
lru#lqgvwdqfh/#e|#r@rdglgj#nh|#dqdo|w#M4# yurp # how "dvp plays a role. However, Oracle providesaJ  ava-based
to the cloud, you leave the task of tuning threshol d values, IoTCS Client Software Library that facilitates device, gateway,
monitoring details, and dealing with other tunable param- and enterprise application development in Java. .
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For example, 10TCS uses
OAuth 2.0 tokening to implement
much of its security model. Using
the REST APIs, your device would
need to read an SSL keystore,
Base64-encode the appropriate
username and password, send the
proper OAuth 2 handshake mes-
sages, and handle the responses—
all to activate an loT device and
have it communicate data. Doing
this with pure REST can be tedious.
However, by using parts of the
Oracle loT Cloud Service Java
Client Software Library, the code
to authenticate and activate an loT
device is reduced to what's shown in Listing 1

Listing 1.
String url =
HttpClient httpClient =
new HttpClient(server_url,uid,pwd);

WebResource resource =
httpClient.createHTTPClient(true).resource(url);

TokenlnputDetails tokenlnputDetails =
new TokenlnputDetails();

tokenInputDetails.setTokenType(
TokenType.TOKEN_TYPE_ACTIVATION);

tokenlnputDetails.setDeviceld(endpointID);

tokenlnputDetails.setSharedSecret(secret);

String deviceModelStr =
"urn:com:acme:conveyorbeltmodel";

ORACLE.COM/JAVAMAGAUMHEITTTITTTTINTTITINIIT SEPTEMBER/OCTOBER 2016

Sfring messageFormat =
de

urn:com:acme:conveyorbeltmodel:speed”;

rization authorization =
new Authorization(resource);
PrivateKey privateKey =

rarylthorization.activate(tokenInputDetaiIs);

ﬁ ﬁ@ de can be reduced further to the fo llowing using
W }7 client.device.DirectlyConnectedDevice

h@&“@ﬂoTCS Client Software Library (see Listing 2

oy

DirectlyConnectedDevice device =
new DirectlyConnectedDevice();
if (! device.isActivated() ) {
device.activate( getDeviceModelURN() );

}

When leveraging the cloud-based development paradig m, the
key is understanding which aspects of an loT soluti on to leave
as cloud-handled analytics and which to implement i n code.
The goal is to alleviate tedious maintenance requir ements by
allowing the business to make changes without new s oftware
deployments. To demonstrate, | describe an IoT appl ication
scenario, dive into the Java code, and explore the Oracle loT

Cloud Service setup that makes this goal achievable

Sample Application: Monitoring Industrial Conveyor Belts

In this sample IoT application, a factory conveyor belt is

implemented, monitored, and controlled using Java a nd

loTCS. Although the belt motor is emulated here, th e Java

code is written with the IoTCS Client Software Libr ary to run

on an actual device or on a gateway connecting the device to a
the cloud. It's assumed that the conveyor belt in t his scenario

has the ability to connect to the internet directly to send .



attribute updates and listen for actions. shows the overall architecture of the sample end-to -end

Wkh#=uvw#vwhs#I|v#w r gdvuide dnvotiel o trepHad €S loTCS application. In this case, the monitoring app lication is
instance, as shown in  Figure.Here, the device’s data attri- built in Java and runs on premises—on my laptop—but it can
exwhv#dqgg#dfwlrqv#duh#gh=qhgl# also run in the cloud.

In this image, device attributes indicate belt spee d, cool- Dgdo|wlfv#duh#gh=ghg#wr#kdggoh#wkwikywkuhvkro
ing fan speed, oil pressure, and temperature, and a n action is to indicate when the cooling fan needs to be turned on or the
fuhdwhg#wr#srzhu#wkh#ehow#rq#ru#r<l1 belt needs to be shut down (for example, due to ove rheating

Rag#wkh#vhuyhu#vigh/#|rx#gh=qh#dq#lkr¥ FV #u bsvollfpgressuce and to handle the integration with a Java
maintain the device data analytics and integration with other monitoring application. Figure 3hows the implementation
cloud services or applications. The illustration in Figure 2 ritwkh#WhpsWkuhvkrog4#dqdo|wlf/#gh=gqfog#IX#lqj#ETrr

Figure IT'he conveyor belt's device model in the Oracle 10TCS admisw@tative con
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Figure 2The architecture of the sa@péeléoTCS application

Figure 3A Streams Explorer analytic de nition
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with the appropriate device attributes.

The data source is the conveyor belt motor, and the logic
should send an alert when the motor temperature goe s above
100 degrees Fahrenheit and the cooling fan speed is less than
1 (the fan is not on). The TempThreshold2 analytic is similar,
except that it looks for a higher temperature (> 150 degrees
Fahrenheit) and a fan speed that is less than 2. The remain-
ing analytics are similar.

However, these analytics are useless unless there’s an
application that listens for the resulting alerts t 0 act on them.
This is the Java monitoring application mentioned p reviously,
which is integrated through a REST endpoint to whic h 10TCS
sends the analytics-driven alerts. As a result, the monitor-
ing application instructs the device to change its belt motor

vshhg/#dgmxvw#wkh#frrolqj#idq#vsh lgg/uhrugnvksing? g r z
to the analytics alerts (see  Listing 8

Listing 3.
public static void handleREST (HttpExchange t)
throws Exception {
// Read request JSON string
BufferedReader bodyReader =
new BufferedReader(
new InputStreamReader(
t.getRequestBody() ));
/...

// Parse the JSON string
StringReader sr =
new StringReader(alert.toString());
JsonReader jr = Json.createReader(sr);
JsonObject jo =1//...
JsonObject payload =
jo.getJsonObject("payload");

/Il Get the alert type by URN
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String alertType =
payload.getString(“format");

switch (‘alertType ) {
case TEMP_TOO_LOW_ALERT_URN:
device.set(FAN_SPEED_ATTR,
OFF);
break;
case TEMP_LOW_ALERT_URN:
device.set(FAN_SPEED_ATTR,
FAN_LOW_SPEED);

Listing 4.
VirtualDevice device = event.getVirtualDevice();
int temp = (Integer)namedValue.getValue();
int coolingFanSpeed = device.get(FAN_SPEED_ATTR);

I/l Determine if action is needed based on new temp
if (temp >=300) {
/I Shut things down!
device.set(BELT_SPEED_ATTR, 0);

}
else if (temp > 250 && ...

break;
case TEMP_MED_ALERT_URN: Wr#uhfhlyh#qrwl=fdwlrqg#wkdw#wkh#pltodWwrulgj#dssolf
device.set(FAN_SPEED_ATTR, changed the belt or fan speed, the device needs to register for
FAN_MED_SPEED); appropriate attribute changes, as shown in Listing 5
break;
case TEMP_HIGH_ALERT_URN: Listing 5.

device.set(FAN_SPEED_ATTR,
FAN_HIGH_SPEED);
break;
case TEMP_CRITICAL_ALERT_URN:
shutDownBelt(device);

DeviceModel model =
device.getDeviceModel(
CONVEYOR_BELT_MODEL_URN);

VirtualDevice virtualDevice =

break; device.createVirtualDevice(
/... device.getEndpointld(),
} model);
}
virtualDevice.setOnChange(

With this 10TCS analytics-based implementation, cha nging BELT _SPEED _ATTR,
the thresholds that indicate when the cooling fan s peed new VirtualDevice
needs to be increased or decreased doesn' require changes .ChangeCallback<VirtualDevice>() {
wr#wkh#Mdyd#dssolfdwlrgl#Wkh#dqao#a g # v dvchigeth # pliblkaidid onChange(
instead by someone who understands the mechanical p roper- VirtualDevice
ties of the belt motor. The alternative would be th e much less .ChangeEvent<VirtualDevice> e) {
satisfactory hard-coding of values and limits, usin g code such onBeltSpeedChange(e);
as shown in Listing 4 }

h;
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virtualDevice.setOnChange(
COOLING_FAN_SPEED_ATTR,
new VirtualDevice.ChangeCallback<VirtualDevice>() {
public void onChange(
VirtualDevice.ChangeEvent<VirtualDevice> e) {
onFanSpeedChange(e);

h;

For cleaner code, | use a Java 8 lambda expression, as shown
in Listing 6The callback method—not shown—simply
switches on the attribute name to react to the valu

accordingly.

e change

Listing 6.
virtualDevice.setOnChange(
(VirtualDevice.ChangeEvent<VirtualDevice>
event) -> {
onAttributeChange(event);

h;

To listen for IoTCS action requests (such as the po wer action),
the device needs to implement a separate callback ( see

Of course, devices can update their own attributes. To enable

them to do so, use the 10TCS Client Software Librar y to ensure
wkdw#fkdqgjhv#duh#vhqgqw#wr#wkh#forxg#k?¥khgqwo |1 #\l
through the concept of a virtual device, which is t he cloud’s

representation of the device itself. The code in Listing &starts

the process with acallto  VirtualDevice.update . Next, each

attribute value is assigned with a call to VirtualDevice.set

Finally, a callto VirtualDevice.finish indicates the changes

can be sent to I0TCS. Under the covers, the client library uses

reliable REST-based messaging to send changes to lo TCS.

Listing 8.

virtualDevice.update()
Set(BELT_SPEED_ ATTR, beltSpeed)
Set(TEMP_ATTR, temp)
.Set(FAN_SPEED_ATTR, fanSpeed)
.Set(OIL_PRESSURE_ATTR, oilPSI)
finish();

To receive device attribute updates, the monitoring applica-
wlrg#uhjlvwhuv#mxvw#dv#wkh#ghy | #H$tNIhY 1 #Wkh#frg
shows this as well as how to call actions and chang e an attri-

bute value on a device, all from the monitoring app lication.

Listing 71#Wkh#fdooedfn#phwkrg#ghhgv#wr#gh=gh#wkh#sdudp
hwhuv#wr#pdwfk#wkrvh#gh=qghg#lg#wkh®dlrWFV# _ Hyating9.rg

Listing 7.
virtualDevice.setCallable("power",
new VirtualDevice.Callable<Boolean>() {
public void call(
VirtualDevice virtualDevice, Boolean on) {
belt.power(on);

}
h;
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EnterpriseClient ec =
EnterpriseClient.newClient(APP_NAME);

VirtualDevice virtualDevice =
ec.createVirtualDevice(
"0-LENQ", deviceModel);

virtualDevice.setOnChange( /*...*/);
virtualDevice("power", true);
virtualDevice.set(BELT _SPEED_ATTR, 1);




In this example, the monitoring application turns t he con- events. The following output shows the monitoring a pplica-

veyor belt on by calling the poweraction with the right tion reacting to the various I0TCS analytics alerts
parameter value and then setting the belt speed.
At this point, everything is in place for the end-t o-end Listening on http://localhost:7890/monitor/messages
conveyor belt IoT application to function properly. In reality, Device: 0-LENQ, OilPressure: 49
the application would have a user interface to more easily Device: 0-LENQ, Temperature: 71
view the activity, but for my purposes, the command line will Alert: O-LENQ, TempThresholdl - set cooling fan to 1
gr#=qghl#Wkh#iroorzlgj#olvwlqj#vkrzv#skpgudpBoh#rxw
the conveyor belt device emulator as it receives co mmands
from the monitoring application. Indented lines ar e wrapped What should be noted from this output, and the corr espond-
from the previous lines. —  Ed|] ing code shown earlier, is how the device and the m onitor-
ing application both react to events from IoTCS, as imple-
Created the directly-connected device mented through the Java Client Software Library and driven
--Device model=urn:com:acme:conveyorbeltmodel e|#dgdo|wlfv#gh=qghg#Iq#LrWFV#Iwvhuadiflwwk h#forxg#
--Instance=0-LENQ pxfk#ri#gwkh#whglrxv#frq=jxudwlrqg#dqgkiokh#wr#pdnt
--Starting belt speed:0 application functional.
Motor temp: 70
Motor oil pressure: 0 Conclusion
Mon Jul 25 12:00:37 EDT 2016 : As you can see, a PaaS cloud restores some of thef  un to cod-
0-LENQ : Call : "power"=true ing. It removes a level of monotony, and it enables users
Motor temp: 70 wr#kdyh#juhdwhu#djlolw|#iru#dgmxww#aqykhdluso I fdwlrqg
Motor oil pressure: 0 needs. </article>
Mon Jul 25 12:00:50 EDT 2016 :
0-LENQ : onChange : BeltSpeed was: 0, now: 1 Eric Brune a principal sales consultant and an Oracle loT
Motor temp: 81 Champion in the Oracle ISV software sales team. He has more
Motor oil pressure: 40 20 years’ experience in the information technology community
Motor temp: 82 an enterprise architect, developer, and industry analyst with ex(
Motor oil pressure: 42 tise in full lifecycle, large-scale software architectuaaddesign

development.

Mon Jul 25 12:07:50 EDT 2016 :
0-LENQ : onChange : CoolingFanSpeed was: 0, now: 1

loTCS analytics alert the monitoring application re garding Oracle IoT Cloud Service home page
zkhg#wr#wxuqg#wkh#frrolgj#idq#rq#re#xke#dvkizns o4 d\O¥uth 2.0
important events such as low oil pressure and overh eating .
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JAX-RS.next: A First Glance

A look at what's coming next in JAX-RS 2.1

AX-RS is the standard for developing RESTful HTTP w eb

surwrfro#wkdw#shuihfwo|#=wv#xvh#fdytowhtwmwk dw#kdyh
huylfhv#lg#dg#hqwhusulvh#dssolfdurlggfl # L w #tupddtesv#at #xsample, social media updates, stock pr

ices, or

wlyh#|hw#srzhuixo#zd|#ri#gh=qlqj#U HY§\G# uddwwr x nehve feed#

ing plain old Java objects (POJOs) that contain the business
logic without needing to write the HTTP plumbing by hand.
Due to the fact that RESTful web services—or HTTP s ervices
implementing some of the REST constraints—are commo nly
used in enterprise projects and also because of its productive
programming model, the JAX-RS standard is widely ad opted
among Java developers.

Java EE 7 comes with JAX-RS 2.0 ( JSR 339, whereas Java

EE 8, which is currently in progress, will contain JAXRS 2.1
(JSR 370.
This article explains some of the new concepts and fea-

The server pushes UTF-8 text-based data as content
type text/event-stream to a client that previously connected
to the streaming endpoint and, therefore, registere d for the
events. The format of the events looks as follows:

data: This is a message

event: namedmessage
data: This message has an event name

id: 10

wxuhv#wkh#vshfl=fdwlrq!v#xsgdwh # z#d g fiogdgdl# h Wata\W kis wiessage has an id which will be sent as

support for server-sent events  (SSESs), better integration with

'last event ID' if the client reconnects

rwkhu#Mdyd#HH#vshfl=fdwlrqv/#dqg#hMwhpasduwlrg#ri#uhd

on the
nce with

gramming functionality, as well as non-blocking 1/0

client side. To follow along, you need some experie

JAXRS.
Note:

this article covers are still subject to change. Th is article,
then, is a preliminary explanation of what very lik ely will be
included in the next JAX-RS version.

Server-Sent Events

SSEs are a new technology that is part of HTML5. SS Es auto-
matically receive updates from a server via HTTP, a nd they

Wkh#vshfl=fdwlrg#dqg#doo#wkh#wrslfv#nohgig &lv@atages bNISEs, however, are that they are

This approach of asynchronous events over an establ ished
connection competes with the more powerful WebSocke ts

standard, which supports bidirectional communicatio n. The
com-
pliant with HTTP technology, because they use HTTP as the
communication protocol (which makes it easy to inte grate
them into existing networks or developer tools), an d they

natively support event IDs and reconnects.

JAXRS 2.1 will support SSEs for both JAX-RS resour ces
and the clients.
The server side of SSE®g.following code shows an SSE-

r<hu#dg#hdv|OwrOxvh/#rqhOzd|#vwuhdplq@#frppxgrididedl JAX-RS endpoint.
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@Path("events-examples")
@Singleton
public class EventsResource {

@Inject
SseContext sseContext;

private SseBroadcaster sseBroadcaster;
private int lastEventld,;
private List<String> messages = new ArrayList<>();

/I see methods initSse(), itemEvents(), newMessage()
/I and createEvent() below

The EventsResourceclass is a singleton Enterprise JavaBean
(EJB). It contains the ~ SseBroadcaster, which is connected to
all clients. SseContextis an injectable context object respon-
sible for creating SSE broadcasters, outputs, and e vents. The
messagesepresent the history of all created messages. The
sseBroadcaster is initialized and enhanced with optional
SseBroadcaster.Listeners inthe @PostConstructmethod.

@PostConstruct
public void initSse() {
sseBroadcaster = sseContext.newBroadcaster();

sseBroadcaster.register(
new SseBroadcaster.Listener() {
@Override
public void onException(SseEventOutput output,
Exception exception) {
...

@Override
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public void onClose(SseEventOutput output) {
...

}
h;

The clients connect against the following JAX-RS re source:

@GET

@Produces(MediaType.SERVER_SENT_EVENTYS)

@Lock(LockType.READ)

public SseEventOutput itemEvents(
@HeaderParam(HttpHeaders.LAST_EVENT_ID_HEADER)
@DefaultValue("-1") int lastEventld) {

final SseEventOutput eventOutput =
sseContext.newOutput();

if ('sseBroadcaster.register(eventOutput)) {
/Il try to make the client reconnect after
/[ 5 seconds
throw new ServiceUnavailableException(5L);

}

if (lastEventld >= 0) {
Il replay messages
try {
for (int i = lastEventld,;
I < messages.size(); i++) {
eventOutput.write(createEvent(
messages.get(i), i + 1));
}
} catch (IOException e) {
throw new InternalServerErrorException(
"Could not replay messages ", e);
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return eventOutput;

private OutboundSseEvent createEvent(String message,
intid) {
return sseContext.newEvent()
1d(String.valueOf(id))
.data(message)
Jbuild();

The SseEventOutputreturn type tells the JAX-RS imple-
mentation to keep the client connection open and ca pable
of sending events through the broadcaster. Content type
text/event-stream is used for SSEs. The SSE standard speci-
=hv#wk dviLést-Ekent-ID header controls the event stream
of the previously received events; that is, if SSE IS supported

by the server, the server resends the events create d after
lastEventld .

The method registers the newly created output to th e
sseBroadcaster and then immediately resends the events if
the corresponding HTTP header has been sent. After the out-
put is registered to the broadcaster, the client—to gether with
all other active clients—receives events, which are created

using the SseContextinjected to the resource class.
This process is shown in the following code:

@Schedule(second = "*/5", minute = "*", hour = "*",
persistent = false)
@Lock(LockType.WRITE)
public void newMessage() {
final String message =
"It's now: " + LocalDateTime.now();
messages.add(message);

final OutboundSseEvent event = createEvent(

SEPTEMBER/OCTOBER 2016

message, ++lastEventld);

sseBroadcaster.broadcast(event);

}

Here, the @Schedul#phwkrg#lv#fdoohg#hyhu|#=yh#vhfrqg\
create new events and broadcast them to all connect ed clients.

| store the messages for later reuse in case any re connect-

ing client asks to continue the event stream from t he last
received message.
The client side of SSESXRS 2.1 will also include client-side
functionality to consume SSEs. There are two ways 0 f creating
a connection to an endpoint.
SseEventSourcetr<huv#ixqfwlrqdolw |#wr#rshq#d#frqqkl
to an SSE endpoint by registering an event listener and, thus,
providing a reactive way of handling the events.

public class SseClient {

private final WebTarget target =
ClientBuilder.newClient().target("...");
private SseEventSource eventSource;

public void connect(Consumer<String> dataConsumer){
eventSource = SseEventSource.target(target)
.register(ev ->
dataConsumer.accept(ev.readData()))
.open();

public void disconnect() {
if (eventSource != null)
eventSource.close();
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The SseEventSourcds created
by calling the target method
on a WebTargetregistering
an SseEventSource.Listener,
and opening the connection.
After successfully opening
the connection, the current
thread continues and the
listener—which in this case
would be dataConsumer
.accept —is called as soon as
events arrive.

SseEventSourcehandles all required plumbing, including
reconnecting after a connection loss, by sending an appro-
priate Last-Event-ID header and then handling  Retry-After
headers sent from the server appropriately.

If a more sophisticated way is needed, for instance , to
manually control the  Last-Event-ID header, you can manu-
ally request an SseEventinput from the server.

public class StatefulSseClient {

private final WebTarget target =
ClientBuilder.newClient().target("...");

private final Consumer<String> dataConsumer;

private String lastEventld;

private SseEventlnput eventinput;

public StatefulSseClient(
Consumer<String> dataConsumer) {
this.dataConsumer = dataConsumer;

public void start() {
eventlnput = target
request(MediaType.SERVER_SENT_EVENTYS)
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he deE( Headers.LAST EVENT ID_HEADER,
call Statt(y..

.get(SseEventinput.class);
?\tre%mfhreé?ﬁ > {
at @Hp( tinput.isClosed()) {

e final InboundSseEvent event =
esum I n%. eventinput.read();
Ifevent != null) {
lastEventld = event.getld();
dataConsumer.accept(
event.readData());

}
}
}).start();

}

public void stop() {
if (eventlnput != null &&
leventlinput.isClosed())
try {
eventlnput.close();
} catch (IOException e) {
Il suppress

}
}
}
By requesting the input directly, all required info rmation
has to be sent manually and potential reconnects need to
be handled manually. Therefore, the client sends th e text/

event-stream HTTP header and expects the response to be
an SseEventlinput type that is handled appropriately by the
JAX-RS implementation. This event input is used to receive
the actual incoming events.

Because the eventlnput.read method blocks until some

S
_
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event is being sent, you need to manually take care of thread -

ing. Therefore, you start a new thread that waits f or the events

and, thus, the execution in the start method can continue.
Consumers of the StatefulSseClient class can call

start() and stop() toresume and pause the stream, and

all events that happen during the pause are replaye d

after resuming.

Reactive Programming

On the client side, another interesting new feature will be
the integration of reactive computation types, such as
CompletionStage, into the JAX-RS client.

target
request(MediaType.APPLICATION_JSON_TYPE)
.get(JsonObject.class), executor)
.thenApply(o -> o.getint("random"))
Join()
).average();

System.out.printin(
"average =" + average.getAsDouble());

Calling the endpoint via the
wait time. To avoid this, | wrap the action in a

target results in a 2-second
Completable

Dv#dqg#h{dpsoh/#L!'oo#fdoo#vhyhudonpzH q 4 ¥ h tytlfie \a#d egrédt the total value from the JSON data once

the results with functionality that is available in JAX-RS 2.0
already.

Suppose | have a slow HTTP endpoint returning a ran -
domly created response after a while, and suppose | want
to consume this service several times and calculate a result
from all responses. Polling the services sequential ly and then
constructing the result would lead to long wait tim es while
the threads are blocked. To avoid that, | can use ¢ onstructs

such as CompletableFutures together with Java 8 lambdas
and streams.

the result is available. The  executor is provided as a param-
eter so you can manage the threads for the 10 concu rrent
polls while most of the calling threads are waiting . The
execution blocks when join() #lv#fdoohg/#exw#ehfdxvh#L!p#
ning the IntStream in parallel, all the results are available at
roughly the same time—after about 2 seconds, rather than
after 20 seconds, as they would be when polling one after
the other. (The stream of results is then aggregate d into the
average value.)
This is what is possible today using JAX-RS 2.0 and

Khuh!v#d#MD[OUV#513#folhqwOvigh#h{dpsoh=empletableFuture to wrap long-running jobs.

final Executor executor =
Executors.newCachedThreadPool();

/I endpoint takes 2 seconds to respond
/[ with data like {"random":1}

final OptionalDouble average =
IntStream
.range(0, 10).parallel()
.map(i ->
CompletableFuture.supplyAsync(() ->
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JAXRS 2.1 will integrate reactive invokers for the client
side. Constructing invocations is enhanced with rx() meth -
ods that wrap responses into a reactive invocation type and,

rswlrqdoo|/#xvh#dExechtfdrSet#vice 1#Khuh!v#dqg#h{dpsoh=

final ExecutorService executor =
Executors.newCachedThreadPool();

final OptionalDouble average = IntStream
range(0, 10).parallel()
.map(i -> target
request(MediaType.APPLICATION_JSON_TYPE) .



.rx(executor) final InputStream in=// ...

.get(JsonObject.class) final byte[] buffer = new byte[1000];
thenApply(o -> o.getint("total"))
.toCompletableFuture().join() return Response.ok().entity(
).average(); out ->{
try {
System.out.printin("average =" + final int length = in.read(buffer);
average.getAsDouble()); if (length >=0) {

out.write(buffer, 0, length);
Callingthe rx() #phwkrg#frg=jxuhv#wkh#exloghu#wr#xvh#dq#return true;

RxInvoker, and the CompletionStageis used as the default }
invocation type. Therefore, all subsequent actions, such as in.close();
get() , return the responses wrapped in this correspond- return false;
ing reactive type. As in the previous example, | ch ain several } catch (IOException e) {
actions together and  CompletionStage.toCompletableFuture throw new WebApplicationException(e);
enables me to call join() as well. }
This is one of the many useful improvements in the next D.build();
release of JAX-RS. }
Non-Blocking I/O The Response.ok().entity method takes an  NioWriterHandler
Another extension to both the client and the server side will as an argument and, thus, the lambda implementing t he
be support for non-blocking 1/0 (NIO). By using NIO , the caller NioWriterHandler.write(NioOutputStream)  method is called
is guaranteed to be able to call certain methods fo r either each time out is ready to accept data. The handler method is
sending data without being blocked or registering a reader expected to return a boolean value indicating wheth er there
that will eventually be called when data is availab le. IS more data to write.
Server-side NI@he JAX-RS server-side programming A similar handler approach is realized for reading
model will be enhanced so that developers can regis ter xsordghg#gdwd#iurp#wkh#folhqw!v#uhtxhvw=4#
NioReaderHandles for responses or NioWriterHandler s for
requests, respectively. These callback handlers are called @POST
when data needs to be read or written without block ing. @Consumes(MediaType.APPLICATION_OCTET_STREAM)
The following examples show how to read and write d ata public void upload(@Context Request request) {
in a non-blocking way in a JAX-RS resource: final ByteArrayOutputStream out =// ...
final byte[] buffer = new byte[1000];
@GET
@Produces(MediaType.APPLICATION_OCTET_STREAM) request.entity(
public Response download() { in->{
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try {
if (in.isFinished()) {
out.close();
} else {
final int length =
in.read(buffer);
out.write(
buffer, 0, length);
}
} catch (IOException e) {
throw new
WebApplicationException(e);

D

The Request.entity method accepts an NioReaderHandler
read(NiolnputStream) handler and, optionally, an Nio
CompletionHandler or NioErrorHandler , respectively, as

an additional listener. Calling iIsFinished() on the input
stream reveals whether more data is available.

By using these approaches, you can realize NIO by
specifying asynchronous handlers for the data sent
request or response.

Client-side NI@imilar to the reactive integration in the client

that was shown earlier, the NIO feature is realized as a sepa-
rate invoker, callable by  nio() onthe Invocation.Builder
which returns an  Niolnvoker that is capable of handling non-
blocking requests by  NioWriterHandler or NioReaderHandler
callbacks.

The following examples write and read data from the cli-
ent side in a non-blocking way.

with the

final InputStream in=// ...
final byte[] buffer = new byte[1000];
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target.request(
MediaType.APPLICATION_OCTET_STREAM).nio().post(
out -> {
try {
final int length = in.read(buffer);
if (length >=0) {
out.write(buffer, 0, length);
return true;
}
in.close();
return false;
} catch (IOException e) {
throw new WebApplicationException(e);

}
h;

final OutputStream out =// ...
final byte[] buffer = new byte[1000];

target.request().accept(
MediaType.APPLICATION_OCTET_STREAM).nio().get(
in->{
try {
if (in.isFinished()) {
out.close();
Il processing the output further...
} else {
final int length = in.read(buffer);
out.write(buffer, 0, length);
}
} catch (IOException e) {
throw new WebApplicationException(e);

}
D

As on the server side, these builders also optional
NioErrorHandler .

ly accept an




The JAX-RS implementation . private long id;
for both the client and the server Ve rS10n 21 Of
takes care of the internal processing J AX-WH Sh | p @JsonbProperty("hello")
of the NIO by using java.nio.* W|th new featur@g String greeting;
ithdwxuhv#vr#wkdw#|rx#grq!w| =
worry about scheduling or handling In ‘Java E E 8 * /] getters & setters omitted
the asynchronicity. }
Integration with Other Speci cations Dagrwkhu#srvvieoh#lpsuryhphqw#lv#krz#mgkBu#vshfl=
Ehvighv#wkh#suhylrxvo|#phqgwlrqhg#ihdwkdww# wtkaweérk Witle JAX-RS tackle Contexts and Dependenc y
the JAX-RS programming model, there will also be a few Injection (CDI), or JSR 330. Objects managed by the JAX-RS
Ipsuryhphgwv#lq#krz#wkh#uhvw#ri#wk hriEnngth f | = f dwdlepentation are injected into the resource class es and
together within Java EE. methods mainly via ~ @Contex# d q g # =fargrs.
Ehfdxvh#Mdyd#HH#;#zloo#eh#wkh#=gdwknhRuvIirg#wr#kdyh#

support for JSON binding via JSON-B, it is crucial to be able Conclusion
wr#xvh#wkdw#vshfl=fdwlrg#vhdpohvvo##izd wkgtd CAROAI taday, DAX-RS 2.0 is a very usable and widely adopted
binding XML to POJOs can be realized via Java Archi  tecture vshfl=fdwlrqg#lq#Mdyd#HH1#Yhuvlrq#S¥&I#Kid Vkdiyzd # o #
for XML Binding (JAXB) mapping—most likely with a de clara- EE 8, will be improved by the small enhancements an d new
tive approach using annotations. It works equally w ell to read ihdwxuhv#L!yh#ghvfulehg#khuhl#Rwkhiudsorld dgh % Howk d
from and write to POJOs that are mapped to JSON wit h JAX-RS wkh#DSLIv#vqgdsvkrw#yhuvlrqg#fdqg#eh#ilmxrod & Ve g& h #
using the JSON-B provider: GitHub . </article>
@Path("{id}") Sebastian Daschri@DaschnerS) is a Java EE freelancer basec
@GET in Munich, Germany. He has more than six years of Java exper
public Example getExample( contributes to various open source projects, is a Java Champio

@PathParam("id") long id) { and participates in the JCP as a JSR 370 Expert Group membge

... Daschner evangelizes computer science phastieg.on
) When not working with Java, he loves to travel the world by pla

or motorbike.

@POST
public void createExample(Example example) {
...

}

public class Example {

JSR 370 web page

@JsonbTransient
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The Evolving Nature of Interfaces

Understanding multiple inheritance in Java

&

I g#wkh##Qhz#wr#Mdyd$#vhulhv/#L#we|#wlihdgly¥Mxdsthaiqdyw#dgg#dovr#doo#phwkrgv#iwrmpj#egWk1#Vr#il
KOLL|NG wrslfv#wkdw#lgylwh#d#ghhshu#xqgghughdygldg#ri#wkdkioulwdqgfh#lv/#krzhyhu/#wkh#htxlyd&hgw#ri#wkt
edfnjurxqg#ri#d#odqjxdjh#frqvwuxfwl#aRjwhg/#qryplbpgdsgnqglih#lg#surjudpplqgj=#lw#fdg#ehl#vhghvr#dfkl
phuv#kdyh#d#zrunlqj#nqrzohgjh#ri#d#frigwhkdw#w k dv#lw/glyhuvh#jrdov1#L#fdq#xvh#|qkhnplhtfa h#w r# u h x
fdg#xvh#lw#lq#pdqg|#vIiwxdwlrqgv/#exwivkioghoud f n#dikgllythgtzulwwhqg#ehiruh/#L#fdg#xvhopd wetligdpiiew |slq
vwdqglqgj#ri#wkh#xqgghuo|lgj#sulqgflsolg#wk dweiavxgogedwfk/#L#fdg#EXxvh#IwH#wr#vhsdudwHBpssatfl=fdwlrq#i
lgj#ehwwhu#frgh/#fuhdwlqgj#ehwwhu#ahgy %Xethxuhivigidgqudwdrq/#L#fdg#xvh#lw#wr#vshfli|gt#d Fqwwiddw#e hy
ghflvirgv#derxw#zkhqg#wr#xvh#d#jlyhgiténagoesy u xfwidvwydri#d#v|vwhp/#dqg#L#fdq#xv hiirwkth ugssddaynovil # w
duh#mxvw#vxfk#d#wrslfl Wkhvh#duh#doo#lpsruwdgw/#exw#yhluy#dV£ginhgw/#1g
Lg#wklv#duwlfoh/#L#dvvxph#wkdw# |hx# kabyggod edd Uf#grf x gghuvwdgg#wkhvh#g |l <huh#gifthivétAvrt gh w # d -
lqj#ri#lgkhulwdqfhl#Mdyd#Iqgwhuidfdw#d g v##dqkhhlakuhlovdgfh#dqg#lgwhuidfhvl
lwdqfh/#dv# dxtetidskand implements#nh|zrugv1#Vr/#L#zloo#
glvixvv#zk|#Mdyd#kdv#wzr#gl<huhqw#lqkhutwdqTypeHnkeritance Versus Code Inheritance
+lgglfdwhg#e|#wkhvh#nh|zrugv,/#krz#deww ud Hd#iptinvpdd g#fdsdelolwlhv#wkdw#1qkhulw#wgkih#gerlyplghv #
zkdw#ydulrxv#wdvnv#liqgwhuidfhv#fdg#eh#xvhg#idwl#wr#lgkhulw#frgh#dgg#wkh#delohd[#Lwr # 1 g# xwhwdods
Dv#Iv#vr#riwhqg#wkh#fdvh/#wkh#vwmwHvwwidtowk\y h#vi hsdvwdwmh#wkhvh#wzr#lghdv#frqfh#gwhktdbdojh#hvshfl
zlwk#vrph#txilwh#vipsoh#dqgg#hohjdgwi#igwdw#gkidwdoglhdgg#Mdyd#lgkhulwdqgfh#pl{hv#wdosihnhwlkthul;
lglwlrq#ri#frgfhswv#lq#hduo|#Mdyd#Hnhwml [ gyiwdgofwkhL#gh=gh#dovr#gh=qhv#d#w|s h#d@\oidny bEldw # L ;
pruh#frpsolfdwhg#dv#Mdyd#dgydqfhv#wré#Wwdwindatdmafuhldwh#yduldeohv#ri#zwkdw#w|sh/#iru#h{dpsohl#
uhdoOzruog#sureohpvli#Wklv#ohdgv#wirrdwdghirdxow# gXkimlggL#fuhdwh#d#vxefodext#rdsd g ¥ wkihgt, / #
phwkrgv#lg#Mdyd#;/#zklfk#pxgg|#wkh#zdwhuv#dwé&hwl xefodvv#ligkhulwv#erwk#wkh#frgwkdeg#whkin#w |«
fodvvli#Lqgkhulwhg#phwkrgv#duh#dy d#e d e@dh#Hwrithel#Hi C
A Little Background on Inheritance wkiv#dv##wkh#frgh$,/#dqg#remhfwv#éwiohwhgde fap#l v v
Lgkhulwdqfh#lv#txlwh#vwudljkwiruzdldg#wauebxqgghsoafhyg#Zzkhuh#remhfwv#ri#wkh#vxs h u#tordwknéd & vk #s h
flsoh=#d#fodvv#fdg#eh#vshfl=hg#dvé¢dygkihi{#vhqvivgeéfroddv#fuhdwhv#d#vxew|sh,1
fodvvi#Lg#vxfk#d#fdvh/#wkh#suhvisgbciass dndv#1v#fdohvg #orrn#dw#dq#BfudlpsteH Y # v xefodvv#ri#
wkh#fodvv#Iw!v#h{whqglqjstipetciass 8 Rg#vhi vy # ri# wlehsn/#wk h q#re m h f w vStudghbhibve the type Student,
vxefodvv#kdyh#doo#wkh#surshuwlhv#dde#d g kdévkekb]i#dovr#kdyPemahDEhw xghqw#lIv#d#shuvrgl
JOHN BLYTHE wkh#vxefodvvl#Wkh|#kdyh#doo#=hogwiefodghysEmhiwkkh#frgh#dqg#wkh#w|sh#duh#igkhulwhgl -

HIREITTTTTTTTTTTTT] SEPTEMBER/OCTOBER 2016



Wkh#ghflvlirg#wr#olgn#awhsthgdi<huhgw#lpsohphgwdwlrqvB#Iru#wgdhovchgtfdvhv/#L
lgkhulwdqgfh#dqgg#frgh#Ilgkjxdljh#frgvwuxfwv#wkdw#vshfli|#vrph#yuoexan pai# i #w Kk
wdqgfh#lg#Mdyd#Ilv#d#odqgjkpehxlw|#dgg#qgdph#ryhuordglqjl#Krzhwhwih/#EIw#jhwv#:
ghvljg#fkrifth=#lw#zdv#grqh#
ehfdxvh#lw#lv#riwhq#xvhiRiagrperd4nheritance
Iw#lv#qrwH#wkh#rqo-|#zd|#D#odg h#frpsolfdwhg#vfhqdulr#thathorgriateettdnce
jxdjh#fdg#eh#ghvljghgl#Res&khigare 2L #WkIv#Iv#zkhu PhDStialdvivike v#w zr#
surjudpplgj#odqgjxdjhv# vxshufodvidouty and Student ,/#zklfk#lg#wxuqgq#kdyh#d#

Figure JAn example of multiple inheritance doorz#lgkhulwlqgj#frgh#zlvikpprg#vxshufo®ewssr, 1#Wkh#lgkhulwdgfh#judsk#irupyv
rxw#lgkhulwlgj#wkh#w|sh#@gtdpfRg#vkdshl
as C++ private inheritance ,#ru# Qrz/#frqvlighu#wklv#txhvwlrg=#Ii#w khiuh#bv#@ #=ho

lgkhulwlqgj#w|sh#zlwkrxw#d hgth#é #vxshHadouv#kg#wklv#fdvh,/#vkrxog#wkh#fodvv:
+zklfk#Mdyd#dovr#vxssruwvwidghBStudent #kdyh#rgh#frs|#ri#wklv#=hog#ru#wzrB

h{sodlg#vkruwo]|,1 lgkhulwv#wklv#=hog#wzlfh/#diwhu#dblov##bdhEyld#hdl
wdqfh#eudqfkhvl
Multiple Inheritance Wkh#dqvzhu#lv=#lw#ghshqgvl#Li#wkh#vkd/gH|q#t>

Wkh#qgh{w#lghd#hgwhulqgj#wkh&#qxpehu/#pd|eh#d#SkG#vwxghqgw#wkrxog#kdyh:
p | {# Imditiple inheritance =#d# ghqw#LG#dqgg#d#idfxow|2sd|uroo#L GHhwlhdw#pljkw#eh
fodvv#pd|#kdyh#pruh#wkdgpdgpehul#Li#wkh#=hog#lv/#krzhyhu/#Wwkadshivrq!v#id
rgh#vxshufodvv1#Ohw#ph#khig#|rx#zdgw#rqo|#rgh#+wkh#SKkG#vvgtdgWwoHkdv#rq
[rx#dg#h{dpsoh=#SkG#vwxgphwHyhg#wkrxjk#lw#lv#lgkhulwhg#idvpherWk#vxshi
dw#p|#xglyhuviw|#dovr#zrun# g#vkruw/#wklqgjv#fdg#ehfrph#yhu|#phvv|1#0dqgjx
dv#lgvwuxfwruvli#Lqg#wkdwkdwpdhd srz#ixoo/#pxowlsoh#I1qgkhulwidkegpfineadhdg# wr # k
Figure 2An example of diamond inheritance wkh|#duh#olnh#idfxow|#+iwkjivmraxftwiy #wr#ghdo#zIwk#doo#wkhkh#viwxow i v/#d
lgvwuxfwruv#iru#d#fodvv/dkdytrpdsglfdwhgl
urrp#gxpehu/#d#sd|utoo#gxp
ehu/#dgg#vr#rg,1#Exw#wkh |#duh#dowh#kywxghavgl ey kiheritance to the Rescue
lg#d#frxuvh/#kdyh#d#vwxghqw#LG#qg¥pegtdprdgZkiHgyrxkEwklgn#derxw#wkhvh#sureohpultbuhh®%oo|/#|
wklv#dv#pxowlsoh#lgkh irigute fih #+vhh # wkdw#doo#wkh#sureohpv#zlwk#pxowl8ahsbbopkhg#wd#fl
PhDStudent#lv#d#vxefodvvEaddie rank £Student 1 # lgkhulwlqj#frgh=#phwkrg#lpsohphgwdwIPgxo#dsgglt#hog
Wklv#zd|/#d#SkG#vwxghqw#zloo#kdyheémkdsadww Urephwihgkhiulwdqgfh#lv#phvv|/#exw#pxowldsghwiv |sh#lqgkh
ghqwv#dgg#idfxow|l#Frqfhswxdoo|#wkllwgl¥#gwudiigkwhnu# gr#sureohpv1#Wklv#idfw#lv#frixs®hegwedwk#dq
sudfwlfh/#krzhyhu/#wkh#odgjxdjh#ehfrphdwpguwh#fywpwdig=#pxowlsoh#frgh#lqgkhulwdqfhosslvigdg w wh u uleo
li#lw#doorzv#pxowlsoh#lgkhulwdqfhi#ghkfdx# gk wke wibgwh # | rx # fddelegatiod # +xviqj#d#uhihuhgfh#wr#dqgrwk
sureohpv=#Zkdw#li#erwk#vxshufodvvhvikkilyhvdhiogmhdiwklqgvwhdg/#exw#pxowlsoh#vxelwtxailgij¥dw#rriwhqg !
gdphB#Zkdw#li#wkh|#kdyh#phwkrgv#zlw kb v dogidjoadihdvio|#uhsodfhg#lq#dg#hohjdqw#zd|1 -
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Wkdw#lv#zk|#wkh#Mdyd#ghvljghuv#duidy h g# duipkadi#tetdiatppAtior
vroxwlrg=#doorz#rqo|#vigjoh#lgkhulww#dlodina# f{gh/#e
pxowlsoh#lgkhulwdqfh#iru#w|shvl void act();

}
Interfaces
Wr#pdnh#lw#srvvlieoh#wr#kdyh#gl<huwhgdgigufogivifixu@avf#sbdvv#fdqg#wkhg#lpsohphgw#wklv#liqwhuidfh=
Mdyd#ghhgv#wr#eh#deoh#wr#vshfli|#AW|gh#itglwikr xw#vshf
Wkdw#lv#zkdw#d#Mdyd#lgwhuidfh#grhvl class Car implements Actor

Lgwhuidfhv#vshfli|#d#Mdyd#w|sh#+wkh#wljshffqdph#dqg#w
gdwxuhv#ri#lwv#phwkrgv,#zlwkrxw#vshph ¢§vgd#d q | #ppdio koid act()
wlrql#Qr#=hogv#dqg#qr#phwkrg#erglhywduhdfhswf{=hgl#L
fdg#frqwdlqg#frgvwdgwv1#\rx#fdg#ohdyh##xw#wkh#prgl=h
(public static final #iru#frqvwdqwublid ggi#u#phwkrgv, }
wkh|#duh#lpsolflwo|#dvvxphgl }

Wklv#duudqgjhphqw#surylghv#ph#zliwk#wadr#w|shv#ri#lqgkh
wdqfh#lg#Mdyd=#L#fdq#|qkhudxtendd flod qu#z kX i#Drwh#wkdw/#éafd kyhulwv#rqo|#wkh#w|sh/#lgfoxglqj?
lgkhulw#erwk#wkh#w|sh#dqg#wkh#frgH d#nw s oogdd] gepkahxud h # ragtwagphdv krg/#exw#qr#frgh/#lw#pxvw#lwvho
+xvigjplements, #e|#lgkhulwlqj#iurp#dg#lgwhuidfhlwiohpf#g tdg#Iipsohphqw#wkh#w|sh#+wkh#twksothphqwd
grz#kdyh#gl<huhgw#uxohv#frqfhuqlqj#dggomwdsgoh#Hd Ephiwkrg,#ehiruh#|rx#fdg#fuhdwh#remhfwv#iurp#lw
Mdyd#shuplwv#pxowlsoh#lgkhulwdqfho#f hnw#weksiv#+lgwludu/#wkliv#IvEmxvw#vIiqgjoh#I1qkh dlyhdicpfinbgle g#fr
rqo|#vigjoh#lgkhulwdqfh#iru#fodvvhvi#ghklfk#frgwtbyhg#e|#Igkhulwlqgj#d#fodvv1#Exwa#mdgham#dv 24w

dovr#d#olvw#ri#doo#remhfwv#wr#ehgetdeHghmg#viuhh
Bene ts of Multiple Inheritance for Types wkh#vdph#dv#wkh#olvw#ri#dfwruv/#ehddRr#g#w#ph#dfy
Wkh#ehqgh=wv#ri#doorzlqj#wkh#lqkhu l#wd|gsfin ri# pxwodelgbthdgg#vrph#gudzqg#remhfwv#duh#qgrw#dfwruv,=
hvvhqwldoo|#ri#ehlqj#deoh#wr#ghfow#hdigwkedhw#rgh#remhf
ylhzhg#dv#kdylqgj#d#gl<huhqgw#w|sh#dw#¢tx hwhgpuiaeellpsteDrawable> drawables;
hdv|#wr#vhhl#Vxssrvh#|rx#duh#zulwlajkd#sdog?#vIipxod
lq#lw#|rx#kdyh#remhfUav##iBsddwwaurp#fduv/#wkAwdep ljkw#dovr#zdqgw#wr#vdyh#d#vipxodwHrg#wr#shup
duh#rwkhu#nlqgv#ri#dfwlyh#remhfw\wH boak|frkiidiwd wxwaordw |h#dw#vrph#srigw/#dqg#wkh#repl fkhwiA# wr#eh# v
shghvwuldgv/#wuxfnv/#wud?f#oljkwv/df#wg khg#rqdpdrgfe h#d#gl<huhgw#olvwl#Wr#e hr#hedyr g# #wwking# g h
kdyh#d#fhqgqwudo#froohfwlrg#lqg#|rxultisunvkdw# d|Seda#dizable =
krogv#doo#wkh#dfwruv=

private List<Serializable> objectsToSave,;
private List<Actor> actors;

Lg#wklv#fdvhCari#temkh#wv#duh#sduw#ri#zdoo#wkuhh#c
Actor /#lg#wklv#fdvh/#frxog#eh#dq#| qutHapiWwk#gbw @ /v kh |#duh#gudzq/#dgg#wkh |#Vvkr# bgdamt vdy
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fdq#eh#gh=qghg#wr#lpsohphqw#doo#wkuhh#lgwh Wwiidflh#zdgw#vhyhudo#ri#p|#lqwhuidfh#wwugfggwvdlg#frg
wkhp#doo#lqwr#devwudfw#fodvvhv#gnhdwilggw#zrunl#I
class Car implements Actor, Drawable, Serializable ... ehiruh/#Mdyd#doorzv#rqo|#viqgjoh#| gk Bwavkfdhw #ru # f
phdgv#rqo|#rgh#fodvv#fdq#eh#odxiatdg#dhyhu#wkh#
Viwxdwlrgv#olnh#wklv#duh#frpprq/#dogetddioorzliqptpgoiviPxowlsoh#lgkhulwdqgfh#lv#iru#lgwhuidfhv#rqo]|
vxshuw|shv#hqdeohv#|rx#wr#ylhz#d##fduok¥g# mhfwikbkihh#lv#d#zd|# rxvdéfautkmethds#/ #zk I fk#zhuh#
wklv#fdvh,#iurp#gl<huhgqw#shuvshfwlyhah&hidwwl qjgwg#gxfhg#lg#Mdyd#;1#Lloo#jhw#wr#wkhp#vkruwo]|l
dvshfwv#wr#jurxs#wkhp#zliwk#rwkhu#v¥hpl®dwuhdewn#hfwv#ru
wkhp#dffruglgj#wr#d#fhuwdlg#vxevhw#eiktkdy FuxRApPNe Nterfaces
Mdyd!lv#IXL#hyhgwOsurfhvviqj#prgho#kh#exlowW#phuwipglv#|rx#frph#dfurvv#ligwhuidfhv#wkdw#duh#hp
vdph#lghd=#hyhqw#kdqgolqgj#lv#dfklhwhgkyVvd#hywgw#aglv=qgh#rqo|#wkh#lqwhuidfh#gdph#dqgg#qr#phwkr
lgwhuidfhv#+vAdtlotdistener ,#wkdw#riwhg#mxvw#|pSibiahe #/#phgwlirghg#suhylrxvol|/#lv#vxfk#dg#lgwhui
d#vigjoh#phwkrg vr#wkdw#remhfwv#wkd e p#o h ghapeablev#ifv#dgrwkhul#Wkhvh#lqwhuidfmakdruh#nqgrzq#
ylhzhg#dv#ehlqj#ri#d#olvwhghu#w|sh#zkhqg#ghfhnerfhcesll #Wkh|#pdun#fhuwdlq#fodvvhv#dv#sr&#vhvviqj#
surshuw|/#dgg#wkhlu#sxusrvh#lv#pruhwidsuhplguhod)
Abstract Classes lgj#phwdgdwd#wkdg#wr#lpsohphqw!qj#d#de Briggru# gh =
L#vkrxog#vd|#d#ihz#zabgra¢tdlasses/#ehfdxvh#lw#Iwtudfw#ehwzhhg#sduwv#ri#d#surjudpilg8dy dd#vlqfh#y
frpprg#wr#zrqghu#krz#wkh|#uhodwh#wrwughv éidikogi#dgegywdwlrqv/#zklfk#duh#d#ehwwhapghd|dri#suryl
fodvvhv#viw#kdoizd|#ehwzhhqg#fodvviwkdhdg#lgwhpdwddh#W khuh#lv#olwwoh#uhdvrq#wmghdy #Wha#sg#pdur
gh=gh#d#w|sh#dqg#fdq#frqwdIlq#frghexwl#wikdd v Mdlygrl L 1 # |rx#duh#whpswhg/#orrn#|l gwdwdgegdv#xvIqj;
fdg#dovr#almsyrdcttmethods phwkrgv#wkdw#duh#vshfl=hg#
rqo|/#exw#qrw#lpsohphgwhgl#\rx#fdq#wkdgm dicd Bbew Dawn with Java 8
Ipsohphgwhg#fodvvhv#zlIwk#vrph#jdsv#|dwwlkvhp # YirgidawkL#kdyh#sxusrvho|#1jgruhg#vrptk#daitzzhidbl# x u t
plvviqgj#dgg#ghhgv#wr#eh#=o0ohg#lq#e|#vxefodvvbwdrgxfhg#zlwk#Mdyd#;1#WKkIlv#I|v#ethiddpfwh#)Ddyd#;#
Lg#p|#h{dpsoh#dergtiotwiohwhuidfh#frxog#eh#dqbw |#wkdw#frqwudglfwv#vrph#ri#wlkHfihdgeo#hu#ghvlj
devwudfw#fodvv#lqgaothphwWdghlvvhoi#pljkw#eh#i#wkh#odqgjxdjh#+vxfk#dv##rqo|#viqratighBukvdqgfh?
devwudfw#+ehfdxvh#lw#lv#gl<huhgwwlg#lddiga#tvshklfk#dgdnhv#h{sodIlqglgj#wkh#uhodwlrgqvikhsuxiwviph#fr
wkhuh#lv#qr#uhdvrgdeoh#ghidxow,/#lepwitdppl heth # twHfhdghwg d? fxow1l#Dujxlqj#wkh#gl<huhqgfhwelhwzhhqg#dqc
rwkhu#frgh#wkdw#lv#frpprgq#wr#doo#dfwruvl fdwlrg#iru#wkh#h{lvwhqgfh#ri#lgwhuidfbd#dhgkdevwuo
Lg#wklv#fdvh/#L#Ada #owl#dg#tdevwudfw#fodvirtdgpwwdqgfh/#ehfrphv#txlwh#wulfn|l1gBd#L#zIoo#vkr:
wkh#lgkhulwdgfh#ghfoduQartrfppni¥g#xog#orrn# prphqw/#lgwhuidfhv#lq#Mdyd#;#kdyh#ehkhdwih {whqgghg

olnh#wklv= wkh|#ehfrph#pruh#viplodu#wr#devwudfwk#fodphih v/ #e x
vxewoh#gl<huhqgqfhvl
class Car extends Actor implements Drawable, Serializable Lg#p|#h{sodqgdwlrq#ri#wkh#lvvxhv/#L#kag# h#wdnhg

wkh#klvwrulfdo#sdwk h{sodlglgj#wkh#glrgGMdy d#; # vy
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dgg#qrz#dgglgj#wkh#ghzhu#Mdyd#;#ihng¥esiul # L #gibgdbMadic();
srvh/#ehfdxvh#xqghuvwdqglgj#wkh#maitpédwlrq#ioid #edkdvancedMagic();
gdwlrg#ri#tihdwxuhv#dv#wkh|#duh#wod#l|d#o#daw Eréd h#rq
wklv#klvwru|l
Li#twkh#Mdyd#whdp#zhuh#wr#ghvljqg#Md# d#iulkp#|wkatw #wlkogdw/#wkhg#doo#fodvvh vstohkpdvg#vaugdy | r x v o
dqg#li#euhdnlqj#edfnzdug#frpsdwlelo lur|gazdhp/l# gwwidEgwhuidfh#euhdn/#ehfdxvh#wkhs|ddudglE#htxluhg#
wkh|#zrxog#qrw#ghviljg#lw#lg#wkh#vddoxd]h#Wkg#Ndpdphqwdwlrg#iru#wklv#ghz#phwjloddBhV#/ #dw#=
Iv/i#krzhyhu/#qrw#iruhprvw#d#wkhruhwl#de#h{Wwhpwhihdpv#|rx#duh#vwxin=#hlwkhu#|rxke#hdghs#h {lvwiq
iru#sudfwlfdo#xvhl#Dqg#lg#wkh#uhdo@gzZrzudygtiNr¥zZipkw i x#grg!wH#zdgw#wr#gr, #ru#|rx!dh#ghwklg#wr#v
hyroyh#dgg#h{whqgg#|rxu#odqgjxdjh#zlIwhkwwkeqgdndg#F#byg#oleudulhv#zlwkrxw#d#fkdqfh#Wwd#IpsL#yh#wk
wkdw#kdv#ehhqg#grgh#ehiruhl#Ghidxow#pthwikr g v#ldaggdtivivadw |/ #wkhuh#duh#vrph#rwkh o##fsxorgdf k h v #w k
rgv#lq#lqwhuidfhv#duh#wzr#phfkdqlvpvénkadiv#pdghswuik#dv#h{whqglqgj#lgwhuidfhv#ieg#wxelkhhugdfh

srvvlieoh#lg#Mdyd#;1 kdyh#wkhlu#rzq#sureohpv/#zklfk#L#qgrkDh,mWdy dix vy # k
fdph#xs#zlwk#d#fohyhu#wulfn#wr#jhthztwavehwwhsi#
Evolving Interfaces delolw|#wr#dgg#wr#h{lvwlqgj#lqwhuidgj#tgiwkrxw#euh

Rgh#sureohp#lg#ghyhorslqj#Mdyd#;#zdywhkz#wr#dhjfogind #W kv #|v#gdgladtxmetiggds and static methods,
idfhvli#Mdyd#;#dgghg#odpegdv#dqg#wihwHwdratn wikibld k#idvgxvixvv#qgh{wl
Mdyd#odgjxdjh#wkdw#pdgh#lw#ghviudebwkw##dgdsw#vrph#
h{lvwlgj#lqwhuidfhv#lg#wkh#Mdy d# o# pnxdih|irols nubefedtgethods
dg#lgwhuidfh#zlwkrxw#euhdnlqj#d o o#wkkdih#{x vini@h# dixphw #phwkrgv#duh#phwkrgv#Ilg#lqwhd#dfhv#wkdw:

wklv#lgwhuidfhB phwkrg#erg| wkh#ghidxow#Ipsohphqgwdw Il rgdh#dMkh |#du
Lpdjlgh#|rx#kdyh#dq#IdagoWarisk # | rxu#h{lvwigf#xvIqgj#dekdust #prgl=hu#dw#wkh#ehjlqqlgj#ri#zwkh#pt
oleudu|= vijgdwxuh/#dqg#wkh|#kdyh#d#ixoo#phwkrg#erg|=
public interface MagicWand public interface MagicWand
{ {
void doMagic(); void doMagic();
} default void doAdvancedMagic()
{

Wkliv#lgwhuidfh#kdv#douhdg|#ehhqg#xvhggted §g#1psohphgonte code here
pdqg|#fodvvhv#Iqg#pdq|#surmhfwv1#Exw#rwkHrz#frph#xs#
viph#uhdoo|#juhdw#qghz#ixqfwlrqdolw |dEdggwrid #x@ gk o g #
d#uhdoo|#xvhixo#ghz#phwkrg=

Fodvvhv#wkdw#Ipsohphgw#wklv#I|lqgwh ufikd oy #g# z # k dy h#

public interface MagicWand wr#surylgh#wkhlu#rzq#lpsohphqwdwlrg#irefvklv#phw
{ ryhuulglqj#lw,/#ru#wkh|#qu#frpsohvphw|l#rlgj¢1#uh#wi
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lg#zklfk#fdvh#wkh|#uhfhly . . frqwdlg#=hogv#wkdw#duh#qrw#frqvwdqwvl
ghidxow#lpsohphgwdwlrq# There IS Ilttle e Lgkhulwlqj#vwdwlIf#phwkrgv#dqg#frgvwogww#+zkIfk#
lqwhuidfh1#Rog#frgh#frqw f€aSON tOday {O USRit#e|#gh=qlwirg, #lv#qrw#d#sure ahugvientdx v h#

zrun/#zkloh#qghz#frgh#fdqg: marker interfaces{hg#e|#wkh#|qwhuidfh#qdph#zkhq#wkkl‘hlI#Jd#uh#xvhg/
wklv#qhz#ixqfwlrqgdolw]|1l gdphv#gr#qgrw#fodvkl

In ‘Jawou are e Lgkhulwlqgj#iurp#gl<huhqw#lqwhuidfhwi#ppbwksoh#gh

Static Methods tempted, look Insiead «swkn#vaph#vijgdwxun#dqg#gi<mihgw#ipsot

Lgwhuidfhv#fdq#qrz#dovr at US|ng annotatimgsureohpl#Exw#khuh#Mdyd#fkrrvhjw)ﬁdd/#I;b#fk#pru
vwdw lf#phwkrgv#zlwk#Ips vroxwlrg#wkdqg#vrph#rwkhu#odqgjxdjhv=l#ljdgdwhdg#ri#

wdwlrqvl#Wkhvh#duh#gh= #e|# ghz#odgjxdjh#frqgvwuxfw#wr#ghdo#z|waelwkiwvwk h #
xvigj#wkh#siakid o#prgl=hu# uhsruwv#dqg#huurul#Lq#rwkhu#zrugvi#Nuy# o e
dw#wkh#ehjlgqlgj#ri#wkh#phwkrg# whoov#|rx/##Grq!'w#gr#wklvl$

vijgdwxuhl#Dv#dozd|v/#zkhqg#zulwlqgptbgovhuidfhv/#wkh#
prgl=hu#pd|#eh#ohiw#rxw/#ehfdxvh#doa#phwk goRcysiono

vwdgwv#lg#lgqwhuidfhv#duh#dozd|v#sxeolfl Lgwhuidfhv#duh#d#srzhuixo#ihdwxu Rhgh Ma# ldgd# W k h
pdg|#viwxdwlrqv/#lqfoxglqj#iru#gh=qlowZhigg#wudfwv#e
So, What About the Diamond Problem? gl<huhqw#sduwv#ri#wkh#surjudp/#gh=qtgj#w|shv#iru

Dv#|rx#fdg#vhh/#devwudfw#fodvvhv#id#gghkighuidiksdwdlk/#vhsdudwlgj#wkh#gh=qlwlrqg@vi#lp#ehsh#iurp
txlwh#viplodu#qrzl#Erwk#fdqg#frqwd|q#dfeagutd f wgipdwdhkwdrq/#dgg#doorzlqj#iru#pxowlsohMbyldilwlwdqfh#
phwkrgv#zlwk#lpsohphgwdwlrqv/#dowkrxykgWkh#W gt d{dtuh#yhu|#riwhqg#xvhixo#|q#|rxu#pdgh#uxuHEkrx
ithuhgwl#Wkhuh#duh#vwloo#vrph#gl<hihdéhwhidifu##xguwtdgvwdgg#wkhlu#ehkdylru#zhool
fodvvhv#fdg#kdyh#lqvwdqfh#=hogv/#z&khdohgrwt lgwhuWdkhwghz#lgqwhuidfh#ihdwxuhv#lqg#Mdygad#,;/#vxfk#d)
exw#wkhvh#vwloo#ohdyh#wkh#fhqgwihdd#isH gwi## \pligwkegkhd uh#prvw#xvhixo#zkhg#|rx#wuhyhdoheétudulh
Mdyd#;/#|rx#kdyh#pxowlsoh#lqgkhulwlyg,hw kg Wit lcpttlr w #dbfinho [#wr#eh#xvhg#lg#dssolfdwd woeahf# yldly#ikr z hy
frqwdlg#frgh$ oleudulhv#qrz#pdnh#h{whqvlyh#xvh#riwhk#p/r#pdn
Dw#wkh#ehjlgqlqj#ri#wklv#duwlfoh#wkémqwhogdrxwzkdea#wkh|#grl#Fduhixo#xvh#rifddwidwivdoh®##fdq
Mdyd#ghvijghuv#wuhdghg#yhu|#fduhilsobpfwglk#dylpgt pxlow kh#txdolw |#ri#d/exialegfrghl#
lgkhulwdqgfh#ehfdxvh#ri#srvvlieoh#sureawhd#pr#wo|#uh
lgkhulwlqgj#pxowlsoh#wIphv#dqg#wr# q &ohv#lodunddighasl &0lling a Java Champion and a professor at the
viwxdwlrg#qrzB University of Kent, England. He has published two Java texthoc

Dv#xvxdo/#wkh#Mdyd#ghvljghuv#kdyhendgiwdNgd1eParns papers on object orientation and computing edu
sudjpdwlf#uxohvé#wr#ghdo#ziwk#wkhvh#sureohpion topics, and he is the lead developer of BlueJ and Greenfoc
o Lqgkhulwlgj#pxowlsoh#devwudfw#phwkrgdp bk k AR £AYGatipnal programming environments. Kolling is also a

lv#qrw#d#sureohp wkh|#duh#ylhzhg#dv#wkh#vERUIGHIFREG Educator of the ACM.
e Gldprqg#lgkhulwdqfh#ri#=hogv rgh#ri#wlelhgphW?fxow#sur

lv#dyrighg/#ehfdxvh#lgwhuidfhv#vwhog#dugh#qrw#doorz .
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Fantom Programming Language

A language that runs on the JVM and JavaScript VMs and deliverdaxdelgicapibilities

FRANK I antom is a programming language derived from main - wklv#uhdvrq/#ldgwrp#kdv#lwv#rzqg#vwiddk#dlwg#oleudu
stream languages such as Java and C# The primary d esign equally important as the language itself.
goal from its start in 2005 was portability between heteroge - Idgwrp#zdv#frqfhlyhg#wr#surylgh#erwk#afwgislohu#:

ghrxv#uxqgwlph#hqylurgphqgwv/#vshfl=fdo#é¢mwikhMNR#Hddlgr wdggdug#oleudu |#wr#sruw#e hgwzhdhogfwk uh h #
MdydVfulsw#YPv1#Wkh#Idqwrp#frpsloh widppduig{#v ivd p hythhfgry lurgphgwv=#Mdyd/#1QH W/ # d dyeivkd x gR#f u | s w 7
oleudu|#hgqvxuh#wkdw#frgh#zulwwhaq#|dfind ppw B Zzhdstihywrw |shg#d#ldgwrp#uxqwlph#irwhaiu@HWe #HHw#1v(

same on a Java server and in a browser client. Alth ough many supported. Today, all development is done only for the Java
MYP#odqgjxdjhv#qrz#kdyh#h<ruwv#durxquodAsfwrhshg #gnd: dbabdript runtimes. These two runtimes have be en used
port, few were designed from the ground up to solve this chal - lg#surgxfwlrq#iru#frpphufldo#vriwzduh#wly#pruh#wkd

ohqgjlqj#sureohpl#\rx#zloo#=qg#wkh#)dor#iwdeVvdidprgthwwy pdnlgj#wkhp#yhu|#pdwxuh#dgg#urexvwl
zryhg#lqwr#hyhu|#dvshfw#ri#wkh#ldgwrp#sodwirupl Wkh#ldgwrp#frpslohu#vxssruwv#d#soxjudelagth#dufk

ldgwrp#dovr#vxssruwv#d#qryho#dssurdw#w rAlprmlevpdss la the compiler is used to simultaneou sly gener-
dgg#frgfxuuhqf|l#Wkh#w|sh#v|vwhp#dqgg#tngqw | pdhwhatenwhfrgh#iru#wkh#Mdyd#Y P#dq g H#wuudgxsiifdi#g # M
cert to provide guaranteed immutability. An actor m odel for iru#eurzvhu#hqylurgphgwvl1l#Rqgfh#d#1dgwom# gdgxoh#l
concurrency leverages the type system to ensure tha t muta- vigjoh#prgxoh#=oh#fdqg#eh#ghsor|hg#zitwl#hghku|wklq
ble state is never shared between threads. to use the code on a Java server and in a browser.
Idgwrp#lv#ghvljghg#wr#eh#d#vIiqgjoh#bgjejxdjh#irThezampiler also provides a mechanism for classes and
both server-side and browser-client-side code. On t he client methods to be implemented “natively.” Native code is imple-
vigh/#lw#kdv#d#ghz#oleudu|#fdoohdgou ik Bw#irumenddig Dava and/or JavaScript to create the low- level APIs
KWPO8#xvhu#h{shulhqgfhvl wkdw#dffhvv#ixqfwlrgdolw|#iurp#wkh#khygh#tiolzj#Y P 1
Wklv#duwlfoh#surylghv#dqg#1q0ghswk#ra #rn #| devel#APsyitcludecore types (Str, Int, DateTime), collections,
these prominent features: portability; immutability ; actor L2R/#ghwzrunlqj/#frqfxuuhqgf|/#dqg#Grixghgow#Remhfy

frgfxuuhqgf|>#dqgg#ldgwrp!v#KWPO8B8#wrronlw/#grphGWRP ,#dffhvvi#Zlwk#wkhvh#DSLv#Iq#spddRbhpityw#l1d
duh#zulwwhg#lqg#433#shufhgw#ldgwrp#hg##ikdyh#|xdL

Portability tability between Java and JavaScript.
True portability requires both compiler support and library
support. If your language is portable but all the | ibraries you Immutability

xvh#duh#qrw/#wkhq#|rx#kdth!w#uhcéambﬂp&lv#br;uf#ngk##isﬁjdqwrp!v#jxlgIqj#suqulsohv#kd###wrhql##vr.
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utabil -
in func-

system and standard library designed to support imm
ity. Although immutable data structures are common

list :=1,]
list.add("a")

Il create an empty list
/[ add some items

wlrgdo#odgjxdjhv/#wkh|#w|slIfdoo|#ddhpw #&led pailigt tgimnititable // returns immutable copy of list

remhfwOrulhgwhg#odqgjxdjhv1#
IlThogv#lg#ldqwrp#pd|# e lcést torghayantee that
they are immutable:

const Point pt

The snippet above uses an immutable list to build u p a result,
and then uses the tolmmutable#phwkrg#wr#h?flhqwo|#jhw#dq:

immutable copy of the list. Similar APIs are availa ble for
rwkhu#froohfwlrq#w|shv/#IgO0Ophpru|#e|WwhHek<huv/#dqg
functions. Once we have immutable instances, we can safely

Wklv#vqglsshw#ri#frgh#ghfoduhvRBam=tha gasrd # w | s lagsign themto const#=hogv#dqg#vkduh#wkhp#ehwzhhq#w}

compile-time guarantee of deep immutability . Deep immuta-
bility means that we not only guarantee that the pt reference
is set only once, but we also guarantee that everyt hing the
Point instance references is also immutable. Contrast th IS
with a Java final #=hog#wkdw # s u r ydtiahonimgnai{adbility
the reference cannot be changed, but there is no gu arantee of
Ippxwdelolw|#iru#wkh#uhihuhgfhg#remhfwv1
Deep immutability is guaranteed by the type system

using const classes:

const class Point

{
new make(Int x, Inty) { this.x = x; this.y =y }
const Int x
const Inty

}

Lg#wkh#suhfhglgj#h{dpsoh/#wkh#hqw berstp d v v #thveag tbiproless its message queue via the
zklfk#xvhv#frpslohOwlph#fkhfnlqj#wr#hgdxdh w#rkAtwrs lagesguaranteed to receive their messages in

Concurrency
Idgwrp!v#dssurdfk#wr#frqfxuuhqf|#Iv#dxHavnf#Burxgg#v
frgfhsw=#pdnh#lw#lpsrvvlieoh#wr#vkdeh#mhwhdéoh#vw
wkuhdgvl#Hqiruflgj#wklv#uhvwulfwlrodvdd ot w#bw#pxfl
uhdvrg#derxw#frqfxuuhqf|/#dyrigv#ghdgbnrdgh#dgg#ud
wlrqv/#dqgg#juhdwo|#lqfuhdvhv#urexvwhtviwidigwrp#
goal with a built-in concurrency model based on actors. There
Iv#qr#v|qgfkurqllhg#ru#yrodwloh#phfkdogdwk#iggddqwrp
are only actors.
Dfwruv#duh#oljkwzhljkw#remhfwv#ghwvljghg#wr#dv
grxvo|#surfhvv#zrun#rq#d#wkuhdg#sriwowk#Iddwhundf wlr
Is done via a message queue. Client code sends a me ssage
to an actor and is returned a Future, which the client can
rswilrgdoo|#xvh#wr#eorfn#xqwlo#w lPhhiwldy k o #vih q#dth d
wr#dfwruv#duh#txhxhgl##Rqgfh#wkh# dHww u#wkddph# run

an actor has pending messages, the actor is schedul edto a
receive method.
order and

wkh#fodvv#duh#ghhso|#lppxwdeohl#VsthdVv#idlodwmimitkidithm [#h{hfxwh#zlwklg#rqh#wkuhdgl

doo#=hogv#duhebpsiand settonly in the constructor
(the method named  makeannotated with the

The standard library provides many conveniences for
using a mutable data structure to build up a collec tion and
then freezing it as an immutable instance:
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new#nh|zrug,1

Ohw!v#orrn#dw#d#vipsoh#h{dpsoh#ift#dowd fwru#\
integer messages and returns the mathematical squar e. Here
IS our actor class:

const class SquareActor : Actor

{ _



new make(ActorPool pool) : super(pool) {} instance of SquareActor, which I bind to the pool. The third
olgh#vhggv#d#phvvdjh#wr#wkh#dfwrulfdkdwhkdsshq

override Obj? receive(Obj? msg) covers is that the actor queues the messages, alloc ates a
{ wkuhdg#iurp#wkh#srro/#dqg#surfhvvhvd#editiphvvdjhi
I :=msg as Int ?: ground thread using the  receive #phwkrgl#Phdqgzkloh/#wkh#
throw ArgErr("Expecting Int msg") folhgw#frgh#kdv#eorfnugkte gétwkbiwkrgl#Zkhq#
returni*i the result becomes available, then the val variable will be
} assigned the result of 9.
} Wkh#ldqgwrp#dfwru#iudphzrun#hqirufhv#wikidw#doo+#
are immutable using the  const class type system. This
There are several things to note in the preceding c ode. Actors approach ensures that data mutations are restricted to a single
are required to be const classes (immutable). The constructor actor thread and avoids the need for synchronizatio n. Actors
w d n hvAdtqrPool , which manages the threading for this provide an elegant, robust alternative to the mains tream con -
actor. The receive method is overridden to process incoming currency techniques used in languages such as Java.
messages. Notice that receive #wdnhv#dqg#uh@dqv#dqg#
w|shl#WklIv#v]|qwd {# oolleble/typbw Whigrdrteans domkit
the type system allows null to be used for these si gnatures. Rgh#ri#ldqgwrp!lv#prvw#uhfhqgw#ghyhorspWdPwasv#d#qgh
Conversely, the type Obj#+zIwkrxw#d#txhvwlrg#pdun,#lebghgd#wrronlw#qgdphg#grpnlwl#Lw#swdy|¢mw#e# ud tkt
nullable and enforced by the type system to never b e null. kljko|#srolvkhg#KWPO8#XLv#zIwk#d#ghddjagghdtploldu#

The implementation of receive #fdvwv#wkh#remhfw#wr#daktkguvdivithhufigs hulhgqfh#zlwk#d#wudglwlrdd®¥ mingjdn lw# v x f
and returns the square. Note the use of the as#nh|zrug/#zklfk# Ildgwrp#surylghv#wzr#ohyhov#ri#devwajdfvgltg#iru#
zrunv#dv#lw#grhv#lq#F&/#dqgg#wkP#Hhvedychvig rs hudw B ©8 1 #oahniodule provides a statically typed, low-level

vigwd{#vxjdu#iru#wklv#frgh= DSL#wr#dffhvv#dqg#pdqglsxodwh#wkh#@GRVH#KRKVhu#lqs

FVV/#dqg#[KU#+[PO#KWWS#Uhtxhvw,1#Xgghu#wkh#f
Int i = msg instanceof Int ? (Int)msg : null; ylghv#wkh#MdydVfulsw#joxh#wr#wkh#KWPO8#sodwirl
if (i == null) throw new ArgErr("Expecting Int msg"); Wkh#grpnlw#prgxoh#surylghv#d#pxfk#kljkhu#ohyh

devwudfwlrgl#Lw#lv#exlow#hqwluh oil#wdkibm gwrp#rqg#w
Qrz#ohw!v#orrn#dw#krz#zh#fdg#xvh#wklv#dfwruprgxohl#Lw#surylghv#GRPOedfnhg#zlgjlowdd#kvIiqj#d#i
zlgjhw#ghvljg#lqfoxglqj#Phgxv/#Wdeobv/#Wpdwhv/#E x\

pool := ActorPool() Gldorjvl#grpnlw#ohyhudjhv#FVV#iru#ww{exej#dqgqg#od
actor := SquareActor(pool) doorzv#|rx#wr#zrun#dw#d#kljkhu#ohYho#ri#devwudfw
future := actor.send(3) Ohw!v#orrn#dw#dg#h{dpsoh#iru#d#wdeéwh#zIgjhwl
val :=future.get you wanted to show information as a table you would cre-

ate an instance of TableModeland render it usinga JTable
Ohw!v#gljhvw#wkh#frgh#deryhl#ActorRoei L#fuhdwHgdg#dqgfhl#Eurzvhuv#grq!w#frph#zIlwdFabtg,wklqgj#olnh#
lgvwdqfh/#zklfk#pdgdjhv#wkh#wkuhdghdwhoidid¥h gwpmllw #frphv # z [vakk dwd TableModel# DSL/#zklfk#zrun
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echo("onAction: $t.sel.indexes") }

onSelect |t] {
echo("onSelect: $t.sel.indexes") }

}
Figure 1A sample table created with Fantom domkit This code creates an instance of ~ Table using the modelclass
and sets multiple selection to be enabled. Then, | add some
mxvw#olnh#Vzlqjl#W alblé gutpmdtivatly handles all hyhqgw#kdqggohuv#iru#dfwlrg#+grxeoh#dsfkd gjchgg#vhol

wkh#wkrug|#lvvxhv=#h?flhqwo|#pdsslqjRW®kh®hr gthad oo G stdout #wkh#vhohfwh g#urHgurehowsl #
ments (but only for the visible rows), scrolling, ¢ olumn sort- zkdw#wkh#wdeoh#orrnv#olnh#lg#d#eurzvhul
ing, single/multiple selection, and many other feat ures. Li#|rx#kdyh#h{shulhqfh#exloglqj#KWP Q8 hXLv#dqc

Ohw!v#orrn#dw#vrph#uhdo#frgh#wr#logddwu din hikhku@évwke#devwudfwlrgv#wkdw#d&kZIdyyEW Z giro n [ w ¢

wdeoh#xvilqj#grpnlw= surylghv/#wkhq#grpnlw#pljkw#eh#mxvw#wkhxAwhfkqgro

@Js Conclusion
class MyTableModel : TableModel Lg#wklv#duwlfoh/#L#h{dplghg#irxu#grgistdwxuhv#ri#
{ wdelolw|/#Ippxwdelolw|/#dfwru#frqfxuuhbh#Wihkdgg#grpr

override Int numCols() { 5 } rqo|#eulh>|#wrxfkhv#rq#wkh#ldqwrp#odwjddg#toleud
override Int numRows() { 3 } wrrovl#Li#|rx#zrxog#olnh#wr#ohdwebsiteruh/#ylviw#rxu

override Void onHeader(Elem e, Int c) { zkhuh#|rx#fdg#=qg#grifxphqwdwlrq/#d#frpgxqlw|#irux|
e.text = "Col $c" } dg#dfwlyh#pdlolgj#olvw/#dqg#olgnv#wégdvgoxdgv#d

override Void onCell( Elw E xfnhw #udtieb#

Elem e, Int ¢, Intr, TableFlags f)
{ e.text = "$r x $c" } Brian Franks the founder and president of SkyFoundry, a soft-
) ware company specializing in loT data collection, analysis, and
visualization. Brian and his brother, Andy Frank, have been de\

WkIv#fuhdwhv#d#vxefodvv#iasleNdoiet rplnww g h = g h@PING the Fantom platform since 2005. Brian also serves as the
the number of rows and columns for the model and pr ovides technical lead for project-haystack.org, an open source project

d#fdooedfn#irufkrz#wrsuhgghuswkhfrcpeviidJf NNEdaFa models and formats in the loT space.

Qrz#ohw!v#vhh#krz#L#sxw#lw#doo#wgdewkbu#wr#fuhdwh#d

table := Table

{
model = MyTableModel()

sel.multi = true
onAction |t| {

Why Fantom?
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ROBERTS I’ve put together more problems that simulate questi
I#zklIfk#Iv#wkh#fhuwl=foublic giss Wrapper {

ORACLE.COM/JAVAMAGAUMHEITTTITTTTINTTITINIIT

Quiz Yourself

More subtle questions from an author of the Java certi cation tests

ons from
the 1Z0-809 Programmer Il exam

Question Zsiven the following code:

whvw#iru#tghyhorshuv#zkr#kdyh#e hh q#f#hohvy Ihedwgr# gl id £eds/Wrapped {}

Java 8 programming knowledge and now are looking to dem -
onstrate more-advanced expertise. [Readers wishing basic
instruction should consult the “New to Java’ column, which
appears in every issue. — Ed] These questions might require

careful deduction to obtain the right answer.
Question &iven this code:
public IntSupplier doStuff(int [] vals, int i) {
/Il line n1
return () -> vals]i];

}

Which two are tru€hoose two.

a. The code compiles.

b. The argument list must be changed to
(final int[] vals, final int i)
compile.

c. Ifthe code if (vals[0] < 0) vals][i] = 0;
at line n1, the argument list must be changed to
(final int[] vals, final int i) to allow the code to
compile.

d. The code if (vals[0] < 0) vals[i] =
at line n1 without causing compilation errors.

e. The code vals = Arrays.copyOf(vals, vals.length); can
be added at line n1 without causing compilation err ors.

to allow the code to

is added

0; can be added
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}

Which is true@hoose one.

a. Aninstance of Wrappedan be created only by code
inside the class Wrapper

b. Aninstance of Wrappeaan be created using the expres-
sion new Wrapper.Wrapped()

c. Aninstance of Wrappedan be created using the expres-
sion new Wrapper().Wrapped().

d. Aninstance of Wrappecaan be created using the expres-
sion new Wrapper().new Wrapped()

e. Aninstance of Wrappeaan be created using the expres-
sion new Wrapper::Wrapped()

Question 3rou wish to calculate the sum of the numbers in a
stream and also print out each one. So far, you hav e this code:
public static int sumAndPrint(IntStream is) {
int total = O;
is.parallel()
.peek(v -> total +=v)
forEach(System.out::printin);
return total;

}




Which is truehoose one. Which is true@hoose one.

a. The code reliably returns the correct sum of the nu mbers a. Compilation fails due to an error at line nl.
asitis. b. Compilation fails due to an error at line n3.
b. The code would reliably return the correct sum of t he c. The program throws a  RejectedExecutionException
numbers if the body of the method were changed to t his: because there are no available threads at line n2.
int[] total = {0}; d. The program immediately prints submitted, and then
is.peek(v -> total[0] += V) after a 10-second pause, it prints > Hello .
forEach(System.out::printin); e. Wkh#surjudp#sdxvhv#=yh#vhfrqgwubmkied#sulqwv#
return total[O]; dgg#wkhg#diwhu#d#ixuwkhu#=yhOvhfvdg#sdxvh/#]l
c. The code would reliably return the correct sum of t he > Hello .
numbers if the type of  total were changedto Integer .
d. The code would reliably return the correct sum of t he Question Sziven that the current working directory of the
numbers if the callto  .parallel()  were moved after the following program contains this tree:
callto .peek(v -> total +=v)
e. The code would reliably return the correct sum of t he ——one/
numbers if the type of ~ total were changedto LongAdder —al
and if the lambda in  peekwere changed accordingly. — tl.txt
— D/
Question 4Given this code: —two/
public static void main(String[] args) { —c/
ExecutorService es = Executors.newFixedThreadPool(2); —12.txt
Callable<String> job = () -> {
Thread.sleep(5000); // line n1 where one two, a, b, and c are directories, and the program
return "Hello"; code is this:
h public static void main(String[] args) throws Throwable {
es.submit(job); Files
es.submit(job); find(Paths.get("."), 1, (p,a)->a.isDirectory())
Future<String> handle = es.submit(job); // line n2 forEach(System.out::printin);
System.out.printIn("submitted"); }
String message = handle.get(); // line n3
System.out.printin("> " + message); What is the outputhoose one.
System.exit(0); a. -
} b. .
Jone
Jtwo
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c. ./Jone
Jone/b
Jone/a
Jtwo
Jtwolc
Jone
Jone/b
Jonela
Jtwo
Jtwolc
Jtwo/t2.txt
e. .[two/t2.txt

o

From Java 1.1—which introduced nested classes—throu gh
Java 7, any method-local variable accessed from a n ested
class had to be labeled final . This means that option B would
be correct for Java 7. However, Java 8 changed the require -
ments a little, and the keyword final is no longer required
(although the variable must be treated as though final
were present).

It turns out that the compiler has had the ability since
the beginning to determine if the rules of final are properly
adhered to; that's been important because the compi ler must

issue an error if you try to change a final variable. Also, a
final variable can permit some optimizations in the gene r-
ated code, and the compiler has been doing neat tri cks using
this for some time. Of course, those optimizations can be
done based on a variable behaving like afinal , not on whether
the programmer labeled the variable as such. The co mpiler
kdv#d#qrwlrq#ri##h dihdw hthe programmer didn't
say it's final , butitis, so the compiler treats it as such.
As mentioned, Java 8 changed the rules for those
phwkrgOorfdo#yduldeohvl#Wrgd|/#wkh odistalw#eh#h<h

Question W kh#fruuhfw#dqgvzhuv#duh#rswlrqv# D # daythey et Motkhavie=tal venwarked as such. Conseque ntly,

decision is probably to determine whether the code
or whether the change outlined in option B is neces
one is interesting, because it depends critically o

of Java in use.

compiles
sary. This
n the version

When a method-local variable is referenced from a ¢ lass
or lambda expression enclosed in the method's scope , a
potential problem arises. A method-local variable ce ases to
exist when the method returns. However, the lifetim e of the
object created by a nested class or lambda is poten tially much
longer. Java’s particular solution to this situatio n (some-

times called a closure or a captured variable ) is to insist that

the method-local variable must never be changed. Gi ven that
restriction, it's possible to simply take a copy of the variable
and embed it in the longer-lived object. If the var lable can't

change, a copy is as good as the original.
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the code does in fact compile in a Java 8 environme nt (and

wklv#duwlfoh#lv#zulwwhqg#derxw#wrig#hM d p dl# ¥ fht w | =

option A is correct and option B is not.
Rswlrg#F#exlogv#rg#wklv#txhvwlrg#ridissqdolw|1#Z

pens if the code if (vals[0] < 0) vals]i] = O; is added at

line n1? Well, vals is a pointer to an array, and the pointer is

not changed by this, so vals #uhpdlqv#h <h ffinalh.ofhis

Ilv#dq#lpsruwdqw#srigw#derxw#=qdoOghdgg#ru#ydulde

indeed, one of the key reasons that Java 1.1 added the final

restriction. A final variable that is of reference type can-

grw#eh#fkdqgjhg#wr#sriqw#dw#d#qgl <tk dqmgiveoguni / # e

of the object (or array, in this case) are not prote cted by the

final keyword, so not much of a restriction is being imp osed.

Immutable objects such as  Integer and String are special, not

because final makes any special considerations, but because .



they are intrinsically immutable. Anyway, in this c ase, vals The operation could be done in two stages. If myWrapper

lv#vwloo#h <Hihall y by the contents of the array are were a variable of type  Wrapper you could initialize
changed, and adding the code is successful without any other myWrapperand then use  myWrapper.new Wrapped(However,
changes needed. Hence, option C is false. in this case, it was done all at once.

In fact, the preceding argument shows that option D IS Option A isn't true; you can create instances outsid e of
also true. The code can be added, and no changes ar e needed. Wrapper That said, it's probably much more common, and

By the same token, however, option E is false. Assi gning often a better design, to create the inner classes inside the
anew value to vals —thatis, pointing  vals #dw#d#gl<huhqw #mtlosing #lass using something along the lines of a factory
(although it's a copy of the original, which might seem like a method. It's even likely that the inner class might be private
jrrg#wklqj#lq#jhghudo, Iv#vx?flhqgw#wr#hd whylmat|vdnd &Kmdwa to the outer world only by some public in terface
final " requirement, and this code will not compile. that it implements. While acknowledging that there are, of
Question Zrhe correct answer is option D. This is a question course, special cases, the general notion of encaps ulation
with less depth and complexity than many. The termi nology vxjjhvwv#wkdw#=ggolqj#zlwk#wkh#lqghw#d p#lvv#vkrxc
sometimes can be confusing, but to be frank, that t erminol- be done by the outer one. The bottom line for this guestion,
ogy isnt really very important. Java uses the term nested class though, is that option A is incorrect.
wr#ghvfuleh#fodvvhv#gh=qhg#lqvlgh##sdppeadsfodvvh\Dletdrwkh#rwkhu#v|gwd{#r<hulgjv#dulgkgufruuhfw#i
a nested class. However, such a class can be labele  d static . If pose at hand. Option B would work if Wrappedvere a nested
it's static then, just like any other static elemen t, it's associ- class, but not if it were an inner class. That is, if Wrappedvere
dwhg#zlwk#wkh#fodvv#dv#d#zkroh#udwg&hli#dk d g statiovckagsl then option B would be correct. But , because the
instance. On the other hand, a nested class that is not labeled conditions are not so, it's incorrect.
static is properly called an inner class (though, as | suggested, Option C is not a valid construction of anything. | t could
the terminology is commonly used very loosely, and no exam be valid as an invocation of a method called Wrapped()that's
guestion would test such a distinction of terminolo gy). What a member of the Wrapperclass. Such a method contradicts
matters, however, is that a nonstatic nested class— that is, an grupdo#Mdyd#vw|oh#frqyhqwlrqv/#zklfk#ubhviwdghwfds
lgghu#fodvv#lqg#wkh#r?fldo#vhqgvh dfwkdfdb|#Kk# viers forltlasses and interfaces and call for lowerc ase letters
through a hidden reference that acts similarly to this , to the for methods. However, it's actually possible for th at method
—hogv#ri#d#sduwlfxodu#lqvwdqfh#ri¥wlkshlinlyfod visdpiéxistdvith the class of the same name, creatin g a situa-
the inner class is part of the enclosing instance. tion where option C could compile and return a new object of

Of course, that means that when the instance of the Wrappedype. However, that's not going to work unless the
inner class is created, there must be an enclosing instance method is added to the class, and because the entir e class
for it to belong to. This is why option D turns out to be the Is shown in the example, you can rule out this line of rea-
required syntax. The general approach is that there must be soning, which is based on some crazy inappropriate broken
viph#nlgg#ri#suh={#eve#wikindw |l rql#Wkh#suh ={# stitetertvéntions.
h{solflw#dv#lw#Iv#khuh>#=uvw/#|rix#abttbppeiw k h #1q v @aiqgrf E is just made-up syntax. It's not a method ref-
and then you invoke  newupon that instance to create the erence, because it includes parentheses. It doesn't have any
Wrappeabject within. context for a lambda’s type to be determined to sup port the .

HIREITTTTTTTTTTTTT] SEPTEMBER/OCTOBER 2016



HIREITTTTTTTTTTTTT]

use of method references anyway. Further, the
should follow the double colon in a method referenc
E is just wrong.

Question 3rhe correct answer is option E. This question

newkeyword
e. Option

investigates the concurrent mode of stream processi ng and
the rules that ensure it runs correctly and in a th read-safe
fashion. A common recommendation is that stream proc ess-
ing, if there's any chance of the stream being exec uted in
concurrent mode, should not mutate any shared data. Such
an approach is a great way to ensure that concurren cy prob-
lems do not arise. However, the actual rule is some what

the code remains unsafe from a concurrency perspect ive. So,
option B is incorrect, because the behavior would s till not
be reliable.

Option C is unworkable;  Integer objects are immu -
table, and given that total #pxvw#eh#h<hfindlyho|#
there’s really no way that such a suggestion could result in
correct counting.

Option D might seem tempting. Presumably the idea i S
that if the mutation operation, performed by peek can be
performed sequentially, there will be no concurrenc y issue
with respect to the updates to total . Unfortunately, this

ohvv#uhvwulfwlyhl#Li#vkduhg#vwdwhktgkbookieth#pdgovigré#twzr#uhdvrqv=#=uvw#dqg#pmwmkw#rispsingslqgjo)
surjudpphu#pxvw#hqvxuh#wkdw#wkrvh#pwdilIdw stilydoeshi bampile because total #lv#+vwloo,#qrw#h<hfwlyho

In this case, using a LongAddemwould achieve this goal, and
option E is the correct answer. Interestingly, this situation
could also be served by using the ~ Atomicinteger , but the
LongAddemwas deliberately created to support many concur-
rent mutations in a scenario where relatively few r eads are
performed. Both would be functionally correct, but the adder
will be more scalable.

Let’s look at the wrong answers and see what might be
interesting about those. First, why doesn' this co de compile?
The variable total is a method-local variable, and for that to

final . Second, and also important, is the fact that stre ams
don't shift between parallel and serial modes along their
length. The whole stream, from end to end, is eithe r parallel
or sequential. Therefore, moving the call to parallel later in
the chain changes absolutely nothing. For both thes e reasons,

option D is also incorrect.

Question 4the correct answer is option B. There’s quite a lot

of code in this question. That is unusual in the ac tual cer-
wl=fdwlrg#h{dp/#exw#lw#grhv#kdssh gl kingthtxk hvw I r
vshfl=f#slhfh#ri#xqghuvwdqglqgj/#exwi#dwpédqwergxfhv#

be used in an enclosed lambda, it must be final #ru#h<hfwly hiote#esting side issues for discussion as distracti ons.

final . Consequently, because itisnot  final , and it cannot be
because it is mutated, the code as it stands will n ot compile.
This is why option A is incorrect.

Option B looks tempting, and in many cases it would
probably work. First, it uses an array of one int to accumulate
the total. This successfully sidesteps the problem of a final
variable, because the variable is a pointer to the array and
Iv/#lgghhg/#qrz#h<fidal | yHawe¥er, even though the
callto parallel was also removed from the code, the stream
was received as an argument to the method, so it's not safe
to assume that the stream is now running sequential ly. It
could have been set to parallel by the caller. In t hat situation,
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The code does not compile, simply because the get
method on a Future object throws checked exceptions. In
fact, the documentation declares three exceptions, two of

which are checked. The unchecked exception is Cancellation

Exception, which indicates that the job was canceled.

Therefore, trying to get its result is meaningless. The checked

exceptions are InterruptedException and Execution

Exception. An InterruptedException results if the get
phwkrg/#zklfk#zloo#eorfn#li#wkh#mrg#hd#guw# = qlwvkh
interrupted while waiting. An ExecutionException arises if

the job itself throws an exception; the cause of th e Execution

Exception is the actual exception thrown by the job. .



What about the other options? Why are they wrong? Question 5Srhe correct answer is option B. This, unfortunately ,

Option A suggests that compilation fails at line n1. That's Is one of those questions that depends largely on r ote learn-
tempting, because it might appear that the Interrupted ing, which here has one small redeeming aspect: Tho se who
Exception, which is thrown by the ~ Thread.sleep method, have spent time playing with an API are likely to u se it more
Iv#xgkdggohgl#Krzhyhu/#wkh&€glebbel ywihightisi # >xhqwo|l#Wkh|#nqrz#zkdw#lv#dydlodegthdbdg##wkh |#
the interface that the lambda expression will be im plement- time looking it up.
lgj/#vshfl=hv#d# xhWk r,gvhich is declared as throws This question is here mainly because it's an intere sting
Exception. So, in fact, this answer doesn't cause a problem, excuse to look at a fairly neat, and commonly overl ooked,
and option A is incorrect. feature of Java’s core APIs. The class  java.nio.file.Files is

Option C tries to get you to believe that if an Executor d#xwlolw|#fodvv#=oohg#zlwk#vwdwldgpgh#vkog##wkdw ¢
Service #lv#fuhdwhg#zlwk#d#={hg#wkuhdg#foxqw# l/Ctaperafi¢rs in#ady-to-use packages. If you have nt seen it
not submit more than two jobs. That's not the case, of course. before—it was introduced with Java 7—it's worth spe nding a
You can submit more jobs, which will be placed in a queue and ithz#plgxwhv#orrnlqj#ryhu#zkdw#lw#r<dw#jdWhig#fodyv
executed as one of the threads becomes available. T herefore, quite a few additional methods with Java 8, many of which are
option C is also incorrect. built to make good use of the Stream API. The find method

Option D, in which the code prints submitted immedi - (along with a close cousin,  walk) is one of those.
ately and then pauses 10 seconds before printing > Hello , is The find method is clearly modeled on the UNIX find
actually what would happen if the problem of the ch ecked xwlolw|l#Lw#wdnhv#d#vwduwlqj#d by k pw gqw Atddvord w v # =
exceptioninthe get#phwkrg#dw#olgh#q6# Isubamfthgl#Wahjgv#d#uhfxuvliyh#vhdufk#grzg#wkh#uefkh#tv|vwhp#Kkl
calls for all three jobs to complete without notice able delay. from that starting point. Path elements that are found might
Two jobs start executing promptly, and the third is gueued. be passed into the Stream<Path>that is the return value of
Wkh#=uvw#wzr#wdnh#8#vhfrqgv#wr#frpswk w|H ithdhemiethbd.d x v
running on two concurrent threads, that's a total e lapsed The next two arguments are the depth of the search and
wlph#ri#trqo|#8#vhfrqgv/#qrw#431#W kltov/kekdh g # IBiRtedigate #wkdw#=owhuv1l#Ohw!v#orrn#dw#wkhvh#lqc¢
=qlvkhv/#wkh#wklug#mre#vwduwv#hy b wkehlg#/B8#y hThedesstadtdally a fourth, variable length, argumen t too, but
vhfrqgv/#dqg#=qdoo|#frpsohwkvdadldylm& nik h # Il let you investigate that yourself.
receives the message from it. The depth parameter, which is the second argument,

The timing suggested by option E is testing to see if you vshfl=hv#wkh#qgxpehu#ri#gluhfwrulhv#g&dhvodwkh#rsht
know that the ExecutorService has a job queue. If it did not, descend into. The starting point is considered to b e a direc-
the third job could not complete submitting until a thread tory. Therefore, if a depth of zero is given, only the initial
zdv#dydlodeoh#iru#lw#+lqflghqgwdoqfFpwdw#ngwvitydfblifwru |#zloo#eh#uhsruwhgl#Vshflwkdioof ok #d#
are possible). After the pause, the message submitted would no directories, not even the initial one, will be e ntered. So,
eh#sulqwhg/#dgg#=yh#vhfrqgv#odwh wnrkw kgk#hé¢dibthe depdxhad:been zero, the output could only h ave been
shown. However, because a job queue is created when the as shown in option A. However, a depth of 1 is given, which
service is built using  Executors.newFixedThreadPool(...) means that the operation will enter the initial dir ectory and
option E is incorrect. look at what's in there, but it will not descend an y further. .
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This means that the only elements that will even be consid-
ered are the two directories ~ oneand two/#d qg # w k t2#xto h #
The next argumentis a  BiPredicate<Path,BasicFile

Attributes> . This is called for every path element that is see
to determine whether to include that element in the output.
It's a predicate, so it's probably no surprise that if this returns
false , the item will be removed from the output stream.
Nothing in the question tells you that the argument
a Path and a BasicFileAttributes , but because no options
include “does not compile,” it's a safe assumption t hat the
second lambda argument— &, in this case—actually does have
a method isDirectory() . From that, you can deduce that only
directories will be passed into the output, and now the situa-
tion goes from three path elements being seen ( oneg two, and
t2.txt ) to only the two directories moving to the outpuit. Now
you know that the correct answer is option B.
It's interesting that this find method returns a stream.
It's lazy like all streams are supposed to be (thou gh presum-
deo|#Ilw#kdv#d#ghfhgwOvIi}h#ex<hu# dwthw kdhfh$g
This actually raises another observation that the q ues-
tion ignores. Stream objects implement AutoCloseable, and
while in-memory streams don't really need to be clo sed,
those that are attached to operating system resourc es other
wkdg#phprul|#+iru#h{dpsoh/#=o0hv/#qhw xtuthfA#d
nections) should be closed. This can be a subtle but important

n

S are

issue if youre writing a method that receives a st ream as an
argument: if you don’t know how the stream was open ed, can
you assume that it doesn't need to be closed? In su ch situa-
tions, perhaps you should give the stream the prote ction of

the try- with-resources construct. </article>

Simon Robergeined Sun Microsystems in time to teach
rst Java classes in the UK. He created the Sun Certi et
Programmer and Sun Certi ed Java Developer exams.
several Java certi cation guides and is currently a freele

THE DANISH JUG

The only Danish Java user
group (JUG), Javagruppen |,
was founded in December
4<<91#Wkh#=uvw#r?fldo#
meeting was held in
January 1997 and was ini -
tiated with these words:
“Never before in computer
history has a new technol
ogy been gaining support
the way Java has. Maybe
It is because there is a real need for an alternati ve to C++ and
Visual Basic”
Gxulgj#lwv#=uvw#|hduv/#wkh#MXJ#ixdidwlrqhg#dv:

interest group for companies working with Java in D enmark,
hdind |im 8004 it Was reformed as a new legal entity w ith an
elected board and yearly general assemblies. Member s of the
JUG pay a yearly fee. Until this year, only companie s could
become members and that membership covered individu als
or all employees. Recently, it was decided that pri vate indi-
q gidgptbwaldddoecome members for a reduced fee and students

could join for free.
Today the group consists of about 80 paying members
split evenly between individuals and company member
ships. The JUG organizes 6 to 10 meetings every year
between Copenhagen and Aarhus.
The JUG hosts an annual Java developer conference, J
IO. This year’s conference takes place in Copenhagen in the
Suitigle of September at the Royal National Library.
I Javayavagruppen has for many years organized programmin
H%Wr&teand has joined the Devoxx4Kids initiative.
ince GHMP&It more about the JUG by following it on

divided

DK

g

Facebook

tor who teaches at many large companies.
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We welcome your comments; correcprogramming technigues, and most @berments and article proposals should
tions, opinions on topics we've coveregics that hard-core Java programnisgsent to our edAodrew Binstock

and any other thoughts you feel impaveould enjoy are of great interest to uastjavamag_us@oracle.com

tant to share with us or our readers. too. Please contact us with your ideasWhile it will have no in uence on
Unless you speci cally tell us that yoatjavamag_us@oracleasuhwe’ll our decision whether to publish your
correspondence is private, we resergive you our thoughts on the topic aratticle or letter, cookies and edible treats
the right to publish it in our Letters tosend you our nifty writer guidelines, will be gratefully accepted by our sta

the Editor section. which will give you more informationatJava Magazjr@racle Corporation,
_ on preparing an article. 500 Oracle Parkway, MS OPL 3A,
Article Proposals Redwood Shores, CA 94065, USA.

We welcome article proposals on all Customer Service
topics regarding Java and other JVMf you're having trouble with your & Subscription application
languages, as well as the JVM itself.subscription, please contact the @ Download area for code and
We also are interested in proposals fotks agava@halldata.c(phone other items

articles on Java utilities (either open +1.847.763.9635), who will do
source or those bundled with the JDM)hatever they can to help.
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