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NetBeans Gets a New Life—or Does It

The transition from Oracle to the Apache Software Foundation marks the
beginning of an uncertain new era for the Java IDE.

from Oracle). What few readers might know is

wkdw#QhwEhdqgv#zdv#wkh#=uvw#ri#wkhvhj

beating Borland’s JBuilder by a year. (JDeveloper,

Software Foundation (ASF). In a history that which was based on JBuilder, was next, followed

dates back some 20 years, this will be NetBeans’ years later by Eclipse and IntelliJ.)

ziwk#qghz#krph/#vkrzlqj#wkh#surgxfw!v#uh\etBeans became a popular Java IDE because

able power of endurance. An important question of several features, most especially the lightness

is whether working under the aegis of the ASF of its use. While competing products had a long

zloo#eulqgj#QhwEhdgv#qghz#olih#dqg#qhbadpcydérfgrdhew projects and a comparatively

grv/#ru#zkhwkhu#lw#vljgdov#wkh#=qd dhecbivg’ Jeeh NeétBedrsAvas great for coding

storied lifeline. rg#wkh#>|#dgg#dozd|v#ihow#oljkw#dqgg#uh
As many readers know, NetBeans is one of While it lacked some of its competitors’ code-

the four principal Java IDEs. The others are the pdgdjhphgw#ihdwxuhv/#lw#zdv#wkh#=uvw#

open source Eclipse from the Eclipse Foundation, exlowOlg#h{hfxwlrg#sur=ohu#dqgg/#lo{#f/#uht

IntelliJ IDEA from JetBrains (consisting of an open the only one to include a small-scale J2EE server,

source version and a higher-end closed source OC4J, to quickly test web projects locally. It was

version), and JDeveloper (a free, closed source IDE dovr#wkh#=uvw#LGH#wr#r<hu#d#wrsOtxdo

A‘;JavaOne this year, the NetBeans commu-
ity announced that the project was moving
from its longtime home at Oracle to the Apache

PHOTOGRAPH BY BOB ADLER/GETTY IMAGES
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based GUI-development tool,
called Matisse.

That's a lot of quality to
come from what was originally
a student project at Charles
University in Prague. (The core
development team for NetBeans
has remained primarily based in
Prague, although marketing and
other functions have been based
at various times in the United
States and elsewhere.)

Eventually, NetBeans was
acquired by Sun, where it was
open sourced. And through the

2011 acquisition of Sun, NetBeans

became part of Oracle. At that
point, | was quite surprised to
read of Oracle’s commitment to
continue developing NetBeans.
After all, the company already

ment for two more releases: the
upcoming 8.x version and the
9.0 release.

If you were to view NetBeans

purely as a programming envi-
ronment, its fate after Oracle’s
commitment expires would be
most uncertain. Although many
projects under the ASF aegis

kdyh#>rxulvkhg#+Pdyhq/#KdQgyrlrg##rqwulexwlqgjl#Lw!v#g

Spark, and others), more than a
few projects have migrated to the
ASF only to die there. (See the
Apache Attic for a list of defunct

L#h{shfw exw#reylrxvo|#L#¢
nqrz wkdw#wkh|#zloo#frqwu

ute either directly or by engag-
ing NetBeans’ current cohort of
developers to continue develop-
ing the platform. In addition,

the community of users, many

of whom are truly dedicated to
NetBeans, might well step up and

to project the extent of partici-
pation because very few projects
with so large a user base have
been migrated to the ASF, and so

surmhfwvl, #Krzhyhu/#ryhu#herk Is#ittle history to provide

years, NetBeans evolved from an
IDE into a platform consisting of
large-scale components that can

guidance.
For users of NetBeans,
though, nothing need be done

eh#dvvhpeohg#lq#gl<huh qgvot aah grdmthet near term.

form desktop applications. This
architecture uses a rather dif-

r<huhg#MGhyhorshu#iru#i uferbnt dapop#ch than Eclipse’s
vsrgvruhg#RudfohOvshtl=f#33Gi#based system of modules

The 9.0 release is scheduled for

August 2017 and will cover Java 9.

By that time, we will surely have
more insight into the transition

ages and extensions for Eclipse.
But actually, Oracle did more
than just commit to supporting
the platform’'s development and
promotion; it also began using
portions of NetBeans in its own

and bundles. ( This page compares of NetBeans, the level of activ-
the Eclipse and NetBeans archi- ity, and the level of support from
whfwxuhv1l,#Qxphurxv#frps dogptthaommercial users and the

lgfoxglgj#Rudfoh kdyh#h {s devaldpgricommunity.
wkh#ehgh=wv#ri#QhwEhdqv!#dufkl

tecture and built applications

surgxfwv/#vshfl=fdoo|#M G whbsenrsitio# includes the

and VisualVM, and eventually
a variety of other development
tools. For this reason, even with
the move to the ASF, NetBeans
has secured a commitment from
Oracle to underwrite its develop-

ORACLE.COM/JAVAMAGAUMHEITTTITTTTINTTITINIIT

platform components.

These companies have an
interest in continuing the for-
ward direction of NetBeans, and
some have committed  to work
on NetBeans in its new home.
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Limited Language Choices For my own use, when | need a full set of well-reas oned
| enjoyed the Java Magazine article “Appreciating Java coding guidelines, | generally turntothe Jrrjoh
Limited Choice in Languages” (September/October Mdydw |oh#JXIgh

5349,/#zklfk#glvixvvhv#wkh#ehgh=wv#wkdw#Mdyd#hqgmr|v
ryhu#rwkhu#odgjxdjhv#+vxfk#dv#F, #I|4q#kdyRegatdirgwbu edtprial, Python dominates UNIX
deoh#dprxgw#ri#vwdqgdugl}dwlrql#Krzhyhug#wkdlbokwkqg#dgg#lgiudvwuxfwxuhl#fmdton#der)
d#sureohp=#Rudfoh!v#uhfrpphgghg#vw|oh#@ghllgdlglighrstihvfulswlyh$#frqgqwuro$
iru#Mdyd#duh#krshohvvo|#rxw#ri#gdwh dqg#kdyh#ehhq# Ulfkdug#Honlqv
for years. Dallas, TX

One huge indicator of this problem: The manual
rq#Mdyd#odqgjxdjh#vw|oh#+zklfk#vkrxog#eBackissuesHrior to 2015

here) has not been updated since 1999. | was reading something on the web that mentioned
Wkh#duwlfoh#vd|v/##Wkh#frqgyhqglhqgfh#dgg#demg hechwiig # d q# r o g avaMagazing. #How-

of such strictures that ensure uniform syntax are hyhu/#zkhq#L#orrn#rq#wkh#pdjd}ligh#k#ph#sdjh:

widely recognized.” | agree. So, when will Oracle not show any issues before 2015. Is there any way t o]

xsgdwh#wkh#Mdyd#odqgjxdjh#vw|oh#pdqgxdodifdlggw#wikh#jedgn#lvvxhvB#Hyhqg#li#wkh|!luh#mxv
dgfh#wr#ghyhorshuv#dqg#rujdqgl}dwlrgvB format, that would be helpful.

Dodg#]hlfklfn Plfkdho#V}hod
Skrhql{/#D] Palatine, IL
Andrew Binstock responds: “l contacted the Java tea m to Andrew Binstock responds: “We recently made the 201 5
get more detail on this. They told me that the document and 2016 back issues available for viewing on the we b
you're referring to  was not posted as an attempt to codify Zg] lhpgehzZ]lbg ZI I=? ®e”l'" P® ieZg abh fZd” m
the language and therefore be a regularly updated doc u- ous issues of Mdy d# P djdavalable soon, most likely as
ment. Rather, it was a set of internal coding guidel ines ]hpgehzZ]z[e™ I=? ®e”™l _hk In[I\kb["kM iR&)N.ee Zq
published in response to a community request. The t eam availability of each year in the letter that goes ou t to sub-
suggested that the most normative examples of Java s tyle scribers with each new issue of the magazine. We grat e-
are those used in Oracle’s Java Tutorials . fully appreciate your patience.”
“Most books available today on Java style were writ -
ten a long time ago, alas. A volume from 2014 that's a Contact Us

worthy reference is Mdyd#Frglqj#Jx|glydHrgdong We welcome your comments and suggestions. Write
Zg] Z khni h_ I"\nkbmr ~qi*kml|" Bl ¢hm |ko fisé&ba I g pdjb@araclecom 1#lru#rwkhu#zd|v#wr#
style as provides coding guidelines for writing secur e code. reach us, see the last page of this issue.
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ArchConf in English. Several tracks are

DECEMBER 12-15, 2016 xvxdoo|#ghyrwhg#vshfl=fdoo|#
CLEARWATER, FLORIDA Java EE, and the conference

ArchConf is an educational can be attended online.

event for software archi-

tects, technical leaders, and DevNexus

senior developers presented FEBRUARY 20-22

e|#wkh#Qr#lox<#Mxvw#VwWAILANTA, GEORGIA
zduh#v|psrvixpl#Dprqj#w le¥Nexus is devoted to con-

slated sessions are Modularity, ghfwlgj#ghyhorshuv#iurp#doo#
Microservices, and Modern over the world, providing
Dufklwhfwxudo#Sdudgljpvidohng#leoh#hgxfdwlrgt#dgg#sur
by Kirk Knoernschild, author of prwlgj#rshq#vrxufh#ydoxhvl1l#
Prentice-Hall's  Java Application Wkh#534:#frqgihuhqfh#zloo#wdr
Architecture , and Cloud-Native place at the Georgia World
Application Architecture, Congress Center in down-
led by Matt Stine, author of town Atlanta. Presenters will
O'Reilly’s Migrating to Cloud- include Josh Long, author of
Native Application Architectures . R!Uhloo|!v#xsfQiduj#
Native Java: Designing Resilient
DevConf.cz 2017 Systems with Spring Boot, Spring
JfokusFEBRUARY 6, UNIVERSITY DAY; FEBRUARY 7-8, CONFERENCE JANUARY 27-29 Cloud, and Cloud Foundry,
STOCKHOLM, SWEDEN BRNO, CZECH REPUBLIC dgqg#Yhgndw#Vxeudpdqgldp/#
Jfokus is the largest annual Java developer confere nce in Sweden. GhyFrqilf}#534:#Iv#d#iuhli&wkru#ri#Sudjpdwlflv#
Conference topics include Java SE and Java EE, cont  inuous delivery and three-day open-source Fedora Functional Programming in Java:
DevOps, loT, cloud and big data, trends, and JVM la nguages. This year, Olgx{#dqg#MErvv#frppxqlwadressing the Power of Java 8
wkh#=uvw#gd|#ri#wkh#hyhqw#zloo#|pfpbng/Hzd&#KR B HOk# VXx  conference for Red Hat and Lambda Expressions.
rshg#whfkqglfdo#frooderudwlrqg#dprqj#o dioyjhickitpssddiviligihu lw frpopxqlw|#ghyhorshuv/#
huv/#wrro#exloghuv/#uxqwlph#hqjlqgh mmhviwAdiggW ¥ P#Adfkitkd x o h # DevOps professionals, testers, Voxxed Days Zurich
zloo#eh#glylghg#htxdoo|#ehwzhhqg#wdw trigm#qidkorBsipngkgvav# dgg#grfxphgwdwlrg#zulwhbBEEBRUARY 23
dgg#lqgirupdo/#idflolwdwhg#ghhsO0glyhshgd e pxqy#nopd a o u/ # Set to be hosted at the Brno ZURICH, SWITZERLAND
vhoiOvhohfwhg#sduwlflsdqwvi1#Vsdfhwv¥pppiwehg##djpmkgy kh g# University of Technology, Sharing the Devoxx philoso-
durxqg#d#vigjoh#fodvvurrpOvw|oh#urrh#w#fnvxssq ufa wail g# all talks, presentations, and sk|#wkdw#frgwhqgw#frphv#=utvw
between participants. workshops will be conducted Voxxed Days events see both
PHOTOGRAPH BY CHAS B/FLICKR 07
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spread of knowledge and innova- jdwkhulqgj#ri#hpehgghg#v|vwhp#
wlrg#lg#wkh#ghyhorshu#frp phevelopers is Securely Connecting
nity. Scheduled tracks this year wkh#Hpehgghg#Zruogl#Wrslfv#
lgfoxgh#Shuirupdgfh#P|wkexncdg JaT, connectivity, software
and Every Last Nanosecond: Low engineering, and security.
Latency Java.

Devoxx US
jDays MARCH 21-23
MARCH 7-8 SAN JOSE, CALIFORNIA
GOTHENBURG, SWEDEN Devoxx US focuses on Java, web,
jDays brings together software preloh/#dqg#MYP#o0odqgjxdjhv1#WKkl|
engineers around the world to frqihuhqgfh#lgfoxghv#pruh#wkdq#
vkduh#wkhlu#h{shulhgfhv#lq433#hbvvirgv#lg#wrwdo/#zlwk#wu
ent areas such as Java, software devoted to server-side Java, archi -
engineering, loT, digital trends, tecture and security, cloud and

whvwlqj/#djloh#phwkrgrorjlhvi/gwdlqghuv/#elj#gdwd/#LrW/#dqg#
and security.

Javal.and

ConFoo Montreal 2017 MARCH 28-30
internationally renowned and dqg#djIoh#ghyhorsphqwl#SuM'e‘Rg(!)_| 8-10 BRUHL, GERMANY
local speakers converge. Past pre- tations this year include Java MONTREAL, QUEBEC, CANADA  This annual conference features
sentations have included Bringing Oleudulhv#\rx#Fdqlw#D<rug#wWA4rr#Prqwuhdo#lv#d#pxowl@ruh#wkdg#433#ohfwxuhv#rq#vxe
wkh#Shuirupdqfh#ri#unxfW\P#wvﬁh#\/,lﬂgpd]#ld#quIsdwwhuq%P&hnc"OgyConferenceforweb jects such as core Java and JVM
+Vruw#Ri,#e|#VIprq#Ulwwh uYald §etterBe dware Of, and ghyhorshuv#wkdw#surplvhv#d&8ages, enterprise Java and
VhfxuIw|#Dukawhfwxuh#GhpMs/wllqm#gl#Jdphzrun#S:#UhdfwP{/e}??l-ntations by popular inter - cloud technologies, loT, front-end
by Martin Toshev. Microservices on JDK 9. national speakers. Past ConFoo dgg#preloh#frpsxwlqj/#dgg#pxfk#

topics have included how to write pruhl#Vfkhgxohg#suhvhgwdwlrqgv:
Topconf Linz 2017 QCon London 2017 ehwwhu#vwuhdpv#zliwk#Mdy iludelMddtipiexjmg and Server
FE.BRUARY 28, WORKSHOPS MARCH 6-8, CONFERENCE introduction to Java 9. SXVK=#KWWS25#Iq#Mdyd#</#Wkh
MARCH 1-2, CONFERENCE MARCH 9-10, WORKSHOPS dqg#Oljkw#Vigh#ri#MdydI[/#MGN:
LINZ, AUSTRIA LONDON, ENGLAND Embedded World Odpegdv=#Frro#Frgh#wkdw#Grhv
Topconf covers Java and JVM, Iru#pruh#wkdq#d#ghfdgh/#TMAﬁCH 14-16 Xvh#Vwuhdpv/#Pljudwlqj#wr#Mdy
DevOps, reactive architecture, Orqgrq#kdv#hpsrzhuhg#vriwlz\leLﬁEﬁMBERG’GERMANY Prgxohv/#dqg#Mdyd#HH#;=#Mdy-d
innovative languages, UX/UI, ghyhorsphqw#e|#idflolwdwlqg|¥&khWwkhph#iru#wkh#48wk# dgpaurieyodp!.

PHOTOGRAPH BY CRALVAREZ/FLICKR 08
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O'Reilly Software Architecture J On The Beach JCrete wkh#Mdyd#dqg#MYP#hfrv|vwhp/#

Conference MAY 17 AND 20, WORKSHOPS  JULY 17-21 GhyRsv/#dqg#djloh#ghyhorsphqw

APRIL 2-3, TRAINING MAY 18-19, TALKS KOLYMBARI, GREECE hgylurgphqwvl

APRIL 3-5, TUTORIALS MALAGA, SPAIN This loosely structured “uncon-

AND CONFERENCE MRWE#Iv#dqg#lqwhuqdwlrqdoshwhepdh$#lgyroyhv#pruqlqgj#wavaOne

NEW YORK, NEW YORK vous for developers interested in sions discussing all things Java, OCTOBER 1-5

Wklv#hyhqw#surplvhv#irxu# gig batte#hnologies. JVM and frpelghg#ziwk#diwhuqrrqv#vSARWRANCISCO, CALIFORNIA

in-depth professional training 1QHW#whfkqrorjlhv/#hpehgghog#dal#qj/#wrxulqj/#dqg#hqWhdther you are a seasoned

that covers software architecture Lrw#ghyhorsphgw#ixqfwlrqd oy therdocal scene. There is also a frghu#ru#d#qhz#Mdyd#surjudpph

ixqgdphgwdov>#uhdoOzruog#ffdayhglqj/#dqg#gdwd#ylvxdol MMUhowh 7NIgv#frpsrghqw#iruMdwlRgh#lIv#Ewkh#xowlpdwh#vrxuf

vwxglhv>#dqgg#wkh#odwhvw#yiliwh 8@ disclgsed. Scheduled gxflgj#|rxgjvwhuv#wr#surjudwhfkglfdo#lgirupdwlrg#dqgg#ohduc

whfkqrorjlhv/#iudphzrunv/#dggKdnhuv#liqfoxgh#orqjwlph#pdy#dqg#Mdydl#Dwwhqghhvigjifmcherxw#Mdyd1l#lru#=yh#gd|v/#

techniques. Past presentations Fkdpslrq#Pduwlgq#Wkrpsvrq#dgbgi#wkhlu#idplolhvl ghyhorshuv#jdwkhu#iurp#durxqg#

have included Introduction to Red Hat Director of Developer ) wkh#zruog#wr#wdon#derxw#xsfrp

Reactive Applications, Reactive Experience Edson Yanaga. UberConf ing releases of Java SE, Java EE,

Vwuhdpv/#dqg#Rswlrqv#iru#twkh# JULY 18-21 dgg#MdydI[>#MYP#odqgjxdjhv>#ql

JVM, as well as Microservice QCon New York DENVER, COLORADO ghyhorsphgw#wrrov>#Ilqvljkwv#Iq\

Vwdggdugl}dwlrqgl JUNE 26-28, CONFERENCE ¥%2ehuFrqi#534:#zloo#eh#khogHtwpwikhdthqgv#lg#surjudpplqgj>#
JUNE 29-30, WORKSHOPS Zhvwlg#Zhvwplgvwhu#lgq#grzdgqg#wxwruldov#rgq#gxphurxv#uho

Devoxx France NEW YORK, NEW YORK town Denver. Topics include Java and JVM topics.

APRIL 5, WORKSHOPS TFrq#lv#d#sudfwlwlrghuOgulMidgd#;/#plfurvhuylfh#dufklwhfwxuhv/#

APRIL 6—-7, CONFERENCE frgihuhqgfh#iru#whfkqlfdo#w Ddgkér, cloud, security, Scala, Kdyh#dg#xsfrplgj#frqgihuhqgfh#

PARIS, FRANCE leads, architects, engineering Groovy, Spring, Android, iOS, you'd like to add to our listing?

Devoxx France presents keynotes gluhfwruv/#dqg#surmhfw#pdQdy TO/#dgg#pxfk#pruhl Send us a link and a description of

iurp#suhvwljlrxv#vshdnhuv/#wkhgzkr#lg>xhgfh#lgqrydwlrq# [rxu#hyhgw#irxu#prqwkv#lq#dgyd

d#f|foh#ri#hljkw#plqgl#frqgihuhg#mhlu#whdpv1#Sdvw#vshNkRdS BOston at mdydpdjbxvCrudfohilfrp

hyhu|#83#plgxwhv1#\rx#fdq#mckbe Chris Richardson, author SEPTEMBER 29-OCTOBER 1

your own calendar and follow the of POJOs in Action and Frank BOSTON, MASSACHUSETTS

sessions as you wish. Founded by Juhfr/#rujdql}lhu#ritwkh#odWwMhyfm#5334/#Wkh#Qr#lox<#Mxvw#VwX<#

developers for developers, Devoxx Mdyd#xvhu#jurxs#lq#Qruwk#IQpPIMMfA¥riwzduh#V|psrvIixp#Wrxu#

ludgfh#fryhuv#wrslfv#udqjlq{MYlawvpHG). kdv#gholyhuhg#pruh#wkdqg#783#

zhe#vhfxulw|#wr#forxg#frpsxwlqjl# hyhgwv#zlwk#pruh#wkdq#:3/333#

(No English page available.) attendees. This event in Boston

covers the latest trends within

09
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JavaOne 2016:

The News and the Videos

J avaOne, the annual meeting of Java developers, was

held this year as usual in San Francisco, Californi a,
in mid-September. This conference has long been the
largest congregation of Java programmers in the wor Id.
This year, more than 9,000 developers participated in

hundreds of sessions, many of which dealt with new
technologies such as the upcoming JDK 9.

There is news to report that came out of the con-
ference. Perhaps most important is Oracle’s announc e-
ment of the forthcoming Java EE 8, which will be fo -
lowed by Java EE 9. Oracle Group Vice President Ani I

Gaur gave some details on version 8, which is expec ted
to ship toward the end of 2017. It will include enh anced
security (management of secrets and support for OAu th

and OpenlID), greater support for reactive program-

the IDE for the next two releases only—that is, the

imminent 8.x release and the later version 9, which
zloo#vxssruw#Mdyd#<l#Lqg#uhvsrqvh/#wkh#Qhw!
nity has applied to become a project under the aeqi s of
wkh#Dsdfkh#Vriwzduh#Ilrxqgdwlrql#Wkh#Hudpl="1c

this are discussed in detail in the editorial in th IS issue
(page 3).
As usual, there were many brilliant presentations a t

JavaOne. Some 85 of them were videotaped and are no w

posted on YouTube .
Dg#dqggxdo#={wxuh#ri#MdDukBgChice# w k h #

Awards , which recognize particularly meritorious Java

projects and Java tools. These awards are chosen by a

sdgho#ri#frppxqlw|#ohdghuv#dgg#Rudkolh#whfkqlf

This year, the judges selected the following recipi ents

plqj/#d#xql=hg#hyhgw#prgho/#KWW S25##MYV & QEestta develbpers: PrimeFaces (there’s a pa ttern

as a large set of other technologies. In addition, it will
be optimized for serverless contexts and for contai ners.
Java EE 9 is expected to ship a year later, in late 2018.
(A video of Gaur’s presentation on Java EE 8 is avalil able

on YouTube )
Another event of importance that happened during
JavaOne, but not strictly speaking at the conference,

zdv#wkh#fkdqgjlgj#idwh#ri#wkh#QhwE hd q v # toaferdngds anlf everts, see the Events section (

announced that it would be the primary sponsor of

NOVEMBER/DECEMBER 2016

here—last year the judges chose OmniFaces);

a lightweight monitoring tool for Java heap and GC

status with a GUI front end for analyzing the data it

generates; and Strata , an open source package used for

=qdgfldo#dgdo|wlfv#dgg#pdunhw#ulvn#hvwlpdwlr
The next annual JavaOne conference will be held

October 1-5, 2017, in San Francisco. For a listing of other

page 7)
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SPECIAL ISSUE

Junit 5: The New Generation of Unit Te

WHAT’S NEW IN JUNITI54 RUNNING TESTS FROM JUNIT 4 ANDBJNIT ARCHITECTURE KENT BECK ON TESTING

Unit is the most widely used testing tool in Java. Survey after ment the design that tools use to drive or interact with JUnit.

survey shows this. It's so pervasive that other tes ting tools are But this is a special issue, so there’s plenty more here. On page 36,

frequently built on top of JUnit (Spock, for exampl e, as well as we interview Kent Beck, the original parent of JUni t as well as the father

most of the behavior-driven development frameworks) , rather of extreme programming—the core set of practices th at form the basis of

than trying to duplicate its capabilities. JUnit’s speed, ease of most modern software development. As you'll see, Be ck's view on test -
use, and universality make it the Java developer’'s universal tool. lgj#kdv#hyroyhg#iurp#ehlqj#ghhso|#uvwhghl g nsiphvgv=uw r#rgh #

Version 5 is a fundamental rewrite and rearchitectu re of JUnit. The wkdw#edodqgfhv#wkh#ehgh=wv#ri#wh ki pbw ki WKk E&#h{eodhg v #
new features of this release are this more nuanced view in detail,
vxppdullhg#lg#rxu#=uvw#du which is sure to give pause to die-
(page 14), which gives a concise hard TDD fans.
ryhuylhz#ri#gwkh#uh=ghphqgw Finally, for developers who rely
second article ( page 20) shows how on unit testing as a backstop for
to include JUnit 5 in your toolchain mission-critical code, we explore
and, especially, how to run tests mutation testing (  page 43), which
for versions 4 and 5 in the same is heavy-duty, automated testing
testing run. that searches for gaps in unit tests.
Qrz#wkdw#|rx#vhh#wkh#e¢ It takes the unit tests and modi-
of this release, we take you for a =hv#wkhp#voljkwo|#wr#vhh#li#whyv
deep dive into the architecture for conditions when changed or
(page 25). This article is ideal for removed from the test cause the
developers who want to extract test to fail or throw an exception.
the most capability from the new This can identify duplicate tests,
version, rather than just stay at a incomplete tests, and those that
basic assertion level. It's also an don't actually test what you expect.
excellent introduction to JUnit’s May the green bar be good
extension points, which imple- to you!
ART BY I-HUA CHEN .
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Part 1: A First Look at JUnit 5

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

J Unit, the widely used Java unit testing framework, has Anatomy of a JUnit 5 Test
mxvw#vhhqg#wkh#=uvw#doskd#uhohdvA¥tikghuD haRd @#dimudw#vrph#M Xqlw#8#whvvvi$s oM Koy Hedw
onversion4. MXqglw#8#frqvivwv#ri#d#uhydpshg#frghiestshownlivw k £isting 1
prgxodu#dufklwhfwxuh/#d#qhz#vhw#rik{dgoggwewhryv/#dq#
prgho#iru#wklugOsduw |#oleudu|#I|qw rdjeldiwr|givit oty Aiskng: 1.
xvh#odpegd#h{suhvvirqv#lg#dvvhuwlrqvl# import org.junit.jupiter.api.*;
Wkh#suhghfhvvru#ri#MXglw#8#zdv#wkm#MXqglw#Odpegd#sur
hfw/#zklfk#vrzhg#wkh#=uvw#lghdv#irw#ngktré# h { elghGimpleTest {
xgqlw#whvwlgj#dgg#zdv#furzgOixqghg#x8ypwhbao# Rfwrehu#534
Indiegogo, where it received more than twice the ta rget @Test
dprxqgw#lg#frgwulexwlrqvl# void simpleTestlsPassing() {
Wkurxjk#wkh#|hduv/#MXqlw#kdv#fdswk#ihg#w k h #hy.juhig up#tar.api.Assertions
zkdw#d#xqglw#whvwlilqgj#iudphzrun#vkrxog#d hdh#K rz hy h.asgdriTrue(true);
prvwo|#vwd|hg#lqwdfw/#zklfk#pdgh# wrdhlYrfophwi# riu # 1w #
Wkliv#qghz#yhuvirq#lv#d#frpsohwh#uh zad wrigikifit#v kh#zkroh
wkdw#dlpv#wr#surylgh#d#vx?flhqw#dagg¢gqigd#oh#DSL#iru#
dgg#uhsruwlqgj#whvwvl#Lpsohphgwlqgj¥gbtWwa8w hvwmizdwkipMdoh# M Xqglw#8#whvw#fodvvi#geikisdv#wkh#rq
uhtxluhv#Mdyd#;#dw#d#plglpxp/#exwigsf#dde# uxgkwbnwhw# doprvw#gr#gl<huhqgfh#wr#egihvzkggdw#=uv
written for earlier versions of Java. frpsduhg#zlwk#d#MXqglw#7#whvw#fodvyfh#Mikkh#pdlqg#c
Lg#Sduw#4d#ri#wklv#duwlfoh/#L#g#lqhueitw kthat shetaisirodneed to have test classes and meth ods
wxuhv#ri#MXqglw#8/#looxvwudwlqgj#wklips#hWwtk# g hogmdlophg#al w kptiblich#prgl=hul# D o @/RFesdohdta -

Wkh#MXqglw#whdp#lv#sodqqlgj#wr#vklsmwk ki #q dioryalony with the rest of the annotations—has mov ed to
iudphzrun#e|#twkh#hqg#ri#53491#P|ohtwhkh# 6 8¢ Wwdtraqithzt 6 d f n d j h # cpdgpjhigitjupiter.api , which needs
vwhsv#ehiruh#MXqlw#8#r?fldoo|#vklcMiehMk \n#z i otterxtilpsruwh g1

the most consequential releases ever in the Java ec osystem.

Log#SduswHB# 5B L#h{sodlg#krz#wr#xvh#dqg#frq=jcapkalizingvar the Power of Annotations

with your existing tools and how to run tests from JUnit 4 and MXqglw#8#r<huv#d#uhylvhg#vhw#ri#dagdmpydwlngid#zkli
MXqglw#8#wrjhwkhul surylgh#hvvhqwldo#ihdwxuhv#iru#lpsWrkhh#oqvg lcprj #
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fiunit 5 /

wdwlrqv#fdg#eh#ghfoduhg#lgglylgxdio®dffgsuvhwght g vdfrmeterwk1#Wdjjlgj#surylghv#d#zdWwwr##rugiwhulqj#w
to create custom annotations. In the following sect ion, | h{hfxwlrgl#Wklv#dssurdfk#lv#dqdorjCategoriegs M X qlw#7!
ghvfuleh#hdfk#dqgqrwdwlrq#dqg#jlyh#ghwiod b## z Ihistinig{@p krzv#d#vdpsoh#whvw#fodvv#Ewkdw#xvhv#wdjv
@DisplayNameLw!v#qrz#srvvlieoh#wr#glvsod|#d#qdph#iru#d#whvw#
fodvv#ru#lwv#phwkrgv# e@bxoplayjMamiahnbtation. Listing 4.
Dv#vkrzqkisjing 2#wkh#ghvfulswlrg#fdq#frqwdIq# v@ ddd(n¥adepdpiis-test”)
vshfldo#fkdudfwhuvl#Lw#fdq#hyhq#fk#daddlg # h p r @ vagsy{xaTag("fantastic-test"), @ Tag("awesome-test")})

class TagTest {

Listing 2.
@DisplayName("This is my awesome test class %o") @Test
class SimpleNamedTest { void normalTest() {
}
@DisplayName("This is my lonely test method")
@Test @Test
void simpleTestlsPassing() { @Tag("fast-test")
assertTrue(true); void fastTest() {
} }
} }
@Disabled:he @Disabledannotation is analogous to the \rx#fdg#=owhu#whvwv#iru# ’[IOﬂ
@Ignoretdqqrwdwlrg#ri#MXqlw#7/#dqgg#lw#fdh#eh#winggtwihdgliodelrqte|#suryl
the whole test class or one of its methods from exe cution. The names to the test runners. The
uhdvrq#iru#glvdeolgj#wkh#whvw#fd qfid b w dgpghwgrikiday #odrirg hKGonsoleLauncheris
the annotation, as shown in Listing 3 ghvfulehg#lqg#ghwdlo#lg#S
article. With  ConsoleLauncher
Listing 3. youcanusethe —t#sdudphwhu#
class DisabledTest { surylglqj#uhtxluhg#wdj#qd
the —T#sdudphwhu#iru#h{fox
@Test tag names.
@Disabled("test is skipped") @BeforeAll, @BeforeEach,
void skippedTest() { @AfterEach, and @Afterfik
fail("feature not implemented yet"); ehkdylru#ri#wkhvh#dqqrwd
} h{dfwo|#wkh#vdph#dv#wkh
} ri#M X qlvaBeinteClass @Before

@After, and @AfterClass/#uhvshf
@Tags and @Tag.w!v#srvvieoh#wr#wdj#whvw#§fodyv vively#Vhé methw e anudtated with
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@BeforeEackzloo#eh#h{hfxwh g# e®lesmgthatf land

NoSuchElementException.class,

the method annotated with @AfterEach# zloo#eh#h{hfxwhg#diwtams: remove);

each @Tesmethod. The methods annotated with

@BeforeAll

}

and @AfterAll #zloo#eh#h{hfxwhg#ehiruh#dqg#diwhu#wkh#h{hfxwlrg#
ofall @Testphwkrgvl#Wkhvh#irxu#dggrwdwlrgv#duh#dssolhg#wr#

the @Tesimethods of the class in which they reside, and the

@Nested

zloo#dovr#eh#dssolhg#wr#wkh#fody kv aé e i%h¥Mcss YhenWithOneElement {

hierarchies are discussed next.) The methods annotat

@Test

@BeforeAlland @AfterAll #ghhg#wr#eh#gh=qghg#dv#vwdw Ndid addingOneElementShouldincreaseSize() {
@Nested test hierarchiesi Xqlw#8#vxssruwv#fuhdwlqj#klhu derfkdudgltem");
ritwhvw#fodvvhv#e|#ghvwlqgj#wkhp#I|\WkllyH# b fkdi#w k h adsertEquals(items.size(), 1);
hgdeohv#|rx#wr#jurxs#whvwv#orjlfdo ogfghqoikidly #Ww khp #
vdph#sduhqw/#zklfk#idflolwdwhv#dssdWwgdawidh#vdph#lq

tion methods for each test. ~ Listing Stvkrzv#dqg#h{dpsoh#ri#¥

using test hierarchies.

Listing 5.
class NestedTest {

private Queue<String> items;

@BeforeEach
void setup() {
items = new LinkedList<>();

@Test
void isEmpty() {
assertTrue(items.isEmpty());

@Nested
class WhenEmpty {
@Test
public void removeShouldThrowException() {
expectThrows(

ORACLE.COM/JAVAMAGAUMHEITTTITTTTINTTITINIIT NOVEMBER/DECEMBER 2016

Assertions and Assumptions

The org.junit.jupiter.api.Assertions #fodvv#ri#MXqlw#8#
contains static assertion methods—such as assertEquals,

assertTrue, assertNull , and assertSame—and their corre -
vsrqglqj#qghjdwlyh#yhuvirqgv#iru#kdggalgN#igkth#frqglw
whvw#phwkrgvl#MXqlw#8#ohyhudjhv#wkh# g #od [
zlwk#wkhvh#dvvhuwlrq#phwkrgv#e|#sumydghqj#ryhuorc
sions that take an instance of  java.util.function.Supplier
Wklv#hqgdeohv#wkh#hydoxdwlrg#ri#wkh#ddylhoydrg#pt
phdqglgj#wkdw#srwhqgwldoo|#frpsoh{#fdoddapdg#irqv#dul
until a failed assertion.  Listing G¢tvkrzv#xviqgj#d#odpegd#
h{suhvvirq#lg#dqg#dvvhuwlrql

Listing 6.
class AssertionsTest {

@Test
void assertionShouldBeTrue() {
assertequals(2 == 2, true);




@Test lgj#wkhp#dv#dqg#dww ul@Xestatnetation Klhis is an

void assertionShouldBeTrueWithLambda() { hgkdgfhphqw#frpsduhg#zlwk#suhylrxv#ytuwulhg¥#wkdw
asserteEquals(3 == 2, true, the use of try-catch #eorfnv#iru#kdqggolgj#h{fhswlrqvl#MX
() -> “3 not equal to 2!"); I[gwurgxfhv#wkh#xvdjh#ri#odpegd#h{suhy¥lwdgbh#iru#gh
} h{fhswilrg#lqvigh#wkh#dvvhuw ILigingv@honp thgw 1 #
} sodfhphgw#ri#wkh#h{fhswilrg#gluhfwadfgllgwr#wkh#dvv
The org.junit.jupiter.api.Assumptions #fodvv#surylghv# = Listing 8.
assumeTrugassumeFalseand assumingT hatstatic methods. class ExceptionsTest {

Dv#vwdwhg#lq#wkh#grfxphgwdwlrq/#wkhvikx#ghnmbkrgv#duh#x
vwdwlgj#dvvxpswlrgv#derxw#wkh#frqg Hw hgw bz kifllesd
phdqglqgjixol#Li#dqg#dvvxpswlrqg#idlov/#Hwigrhirgdqrveip BxpectingArithmeticException() {
Iv#eurnhqg/#exw#rqo|#wkdw#wkh#whvaw surypagh v# qr#ssertibhrows(ArithmeticException.class,
tion. The default JUnit runner ignores such failing tests. This () -> divideByZero());
dssurdfk#hqdeohv#rwkhu#whvwyv#Ilq#wikwivdhlithv#wr#eh#h{

Grouping Assertions int divideByZero() {
Lw!v#dovr#srvvlieoh#wr#jurxs#d#o [\hwkh ¢ d# Xk Lgy # q wétwn 3/0;
the assertAll static method, shownin  Listing ,/causes all }

dvvhuwlrgv#wr#eh#h{hfxwhg#wrjhwk#widehp#doofidloxuhv
uhsruwhg#wrjhwkhul
ZIwWk#MXqlw#8/#Iw!lv#dovr#srvvleoh#wlridivwr#Fag#wk h #h

Listing 7. yduldeoh#lg#rughu#wr#dvvhuw#frqguwddyw# kg # wv#yd
class GroupedAssertionsTest { in Listing 9
@Test Listing 9.
void groupedAssertionsAreValid() { class Exceptions2Test {
assertAll(
() -> assertTrue(true), @Test
() -> assertFalse(false) void expectingArithmeticException() {
); StringIndexOutOfBoundsException exception =
} expectThrows(
} StringIndexOutOfBoundsException.class,

() -> "JUnit5 Rocks!".substring(-1));
Expecting the Unexpected
MXqlw#7#surylghv#d#zd|#wr#kdggoh#hfhswlrqv#apgaitiboals(exception.getMessage(),
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"String index out of range: -1");

instance of Collection , Stream Iterable , oran lterator of
} w | s BynamicTest The DynamicTesiclass denotes a test case
} wkdw#zloo#eh#jhghudwhg#dw#uxqwidpbtig®Hwkdoo|/#]
fodvv#wkdw#frgwdlqv#d#qdph#dgg#dg¥{mfkixkwdeohl#
Dynamic Testing

deoh#uhihuv#wr#wkh#whvw#frgh#hghawicigsteorfnl#w
Zlwk#d#qghz#g|qdplf#whvwlqgj#ihdwxuthdinmd #MXxqglw#8/dwiigphwkrg#gh=qlwlrq#uhviDhnesxclebuldss,k h #

vieoh#wr#fuhdwh#whvwv#dw#uxqwl plelothW & UV e \diggrd wsime mhfw lyh#1v#wr #fu h diymachopFegw evjdiqfh #ri#
wr#yhuvlrq#8#ehfdxvh#doo#whvwlqj#firghlghtykettievimgamsime and an instance of Executable, which con-

frosloh#wlphl#Dqg#h{dpsoh#ri#g|qdplf#whknziftshdwhwg#lti#odpegd#h{suhvvlrqvdising dmaguséq #
in Listing 10 two assertions.

Wkh#olihflfoh#ri#d#g|qdplf#whvw#|vdgiktigdgw#iu
Listing 10. standard @ Tesannotated method. This means that lifecycle

fdooedfn#phwkrgv/#yRélorabathnd @AfterEachare
not executed for dynamic tests.

class DynamicTestingTest {

@TestFactory
List<DynamicTest>
createDynamicTestsReturnAsCollection() {
return Arrays.asList(
dynamicTest("A dynamic test",
() -> assertTrue(true)),
dynamicTest("Another dynamic test",
() -> assertEquals(6, 3 * 2))

Parameterized Test Methods

Ziwk#wkh#khos#ri#g|qdplf#whvwlqj#hogi Blodgd w #8 [ # 1w !
h{hfxwh#wkh#vdph#whvw#zIlwk#gl<hukguw¥#dodivhwyv
srvvlieoh#lg#MXqlw#7# e | # hiparamgtqijizedkiner
dgg#e|#gh=qlqj#gdwd®&PRar&ametdrived.Parameters
dggqrwdwlrqgl#Exw#wkdw#dssurdfk#k dmdpwiad @ Ov dnia Mg #
methods annotated with @Testtiru#hyhu|#sdudphwhu#djdlg#c

); again, leading to needless executions. Creating dyn amic tests
} iru#hdfk#gdwd#lwhp#frxog#ohdg#wr#ehwkdw#hg#fdsvx
} local to the test method. | demonstrate this in Listing 11
Wr#fuhdwh#g|qgdplf#whvw : Listing 11.
| created a method inside a The \] U n It team @angactory
class and annotated it with Succeemm]l erli ngS@am<DynamicTest> dynamicSquareRootTest() {
@TestFactory JUnit handles

this @ TestFactorymethod

zkloh#dqdo|}lqj#wkh#fod of JUnit that addres

) (2> dynamicTest("Square root test",

. I I .Of (
new, redesignec V%C gl!ject[ [ {{2d, 4d}, {3d, od}, {4d, 16d})

it dynamically creates testing nearly all the limitations
xqlwv#e|#xvigj#lwv#uhw) I " ertEquals(i[0], Math.sqrt((double)i[1]));
The method annotated with Of pI'EVIOUS ve rSIOg;SS

@ TestFactorymust return an }
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The dynamicSquareRootTesmethod annotated with

@TestFactory# Iv#qrw#d#whvw#fdvh/#&keatiw#fuhdwhv#d

instance of the DynamicTestclass, which will contain the
ydulrxv#whvw#lpsohphqwdwlrqgv1#Ilru#hd#ktwxsoh#hohp
wkh#vwuhdp/#L#h{hfxwh#d#odpegd#h{&wrvdaqé

0

# | [ |
h{hfxwdeoh#whvw#fdvh/#dqgg#wkdw#whwwktdvh#prhv q#
wkdw#whvwv#zkhwkhu#wkh#=uvw#hohglogw##ri#wkh# soh#
wkh#vixduh#urrw#ri#zwkh#vhfrqg#hohpghygg#®w##wkh #w x

that elegant?

Conclusion Q I U i i
Wkh#MXqglw#whdp#kdv#vxffhhghg#lg#r«ehjulgg#d#|ghz/ gr;aC e nlverSI
version of JUnit that addresses nearly all the limi tations of

Upgrade & Save 35%
"Wkiv#duwlfoh#lv#d#frqvighudeo|#xrsxqudiw b lgwtlylouty Irg #ri#

suhylrxv#yhuvirgvl#Qrwh#wkdw#wko®dMXqgdm#H8#H SLAIVH

wkdw#pdsv

wr#fkdgjh>#wkh#whdp#lv#dgqrwdwlqgjZimddesikles |[f#w]|sh

@ APannotation and assigning values such as Experimental,

Maintained, and Stable .
Jiyh#MXqglw#8#d#vslqg/#dqg#nhhs#|rx##gbhhqfedu#
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Part 2: Using JUnit 5

Integrating with build tools and IDEs and running v5 tests witkieaslier ver

Q I n Part 1 of this article ( page 14), | wrote about the features tests from the command line and printing execution results
CAKQN coming in JUnit 5. In this article, | provide more details on back to the console. The  junit-platform-surefire-provider
the framework and its integration with build tools such as module contains the  JUnitPlatformProvider class, which
Maven and Gradle. lgwhjudwhv#zliwk#wkh#Vxuh=uh#soxjhy#wmyld##M Xql\
All examples in this article are based on JUnit ver sion Pdyhqgql#+Vxuh=uh#lv#wkh#Pdyhq#so x| #o#hwbkowit# u x q v #
5.0.0-M2, which can be found on the project home page . during the test cycle.) In addition, the junit-platform-

Architectural Overview

Let's start with the packaging structure of JUnit 5 , Which was
revised after its alpha release. JUnit 5 now consis ts of three
main packages: Platform, Jupiter, and Vintage. The packaging l l
structure and modules are illustrated in Figure, hich is cur-
rent as of the M2 release. t

JUnit Platform is the package that provides the fou n-
dation for the Vintage and Jupiter packages. It con tains the
junit-platform-engine  #prgxoh/#zklfk#r<huv#d#sxeolf#DSL#iru#
integration of third-party testing frameworks such as Specsy, l l
which is a behavior-driven development (or BDD)-sty le unit- J—
level testing framework for JVM languages. The laun ching API i' ‘i
that is provided for build tools and IDEs now resid es under 1 i i
the junit-platform-launcher ~ module. Prior to version 5, i i
both IDEs and test code used the same JUnit artifac ~ t. The T T | |
new, more-modular approach introduces a good separa tion of L \__/
concerns by having build tool artifacts and the API segregated T

lgwr#gl<huhqw#prgxohvl
The junit-platform-runner  module provides an API for
running JUnit 5 tests on JUnit 4. The junit-platform-console
module provides support for launching the JUnit pla tform
from a console that will enable running JUnit 4 and JUnit 5 Figure IThe JUnit 5 architecture
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gradle-plugin #prgxoh#r<huv#lqwhjudwlrq#zlwk# Ju difjyoh want to gick withA8Unit 4.x, that is also p ossible within

describe that later in this article. MXqglw#8#e|#gh=qlqj#lwv#ylqwdjhOprghvwkgb gkt qf|/#
The JUnit Vintage package provides an engine for ru n- Listing 2
ning JUnit 3 and JUnit 4 tests on JUnit 5. The junit-vintage-
engine module is the engine that executes those tests. Th e Listing 2.
JUnit team provided the support for a former versio n of the <dependency>
framework, and this support will encourage upgradin gto <groupld>org.junit.vintage</groupld>
JUnit 5 regardless of the version in use. In a late r section, | <artifactld>junit-vintage-engine</artifactid>
describe the ways to run JUnit 4 tests. <version>4.12.0-M2</version>
JUnit Jupiter is a wrapper module of the new API an d the <scope>test</scope>
extension model, and it also provides an engine for running </dependency>
JUnit 5 tests. junit-jupiter-api and junit-jupiter-engine
are submodules of the project. If you have only the junit- The JUnit 4.12 and junit-platform-engine  transitive depen -
jupiter-engine  #ghshqghqf|#gh=qghg/#wkdw#vx?fhv# dend¢ids{drd xetrieved automatically when vintage mo de is
ing JUnit 5 tests because the  junit-jupiter-api module is a declared. For convenience, the JUnit team aligned t he version
transitive dependency to the  junit-jupiter-engine module. of the vintage modules with the latest available pr oduction-
ready JUnit release, which was 4.12 at the time of this writing.
Con guring Tools to Use JUnit 5 Diwhu#gh=qlqgj#ghshgghqflhv/#Iw!v#wbph#t wr#h {hfx
MXqglw#8#ghshqgghqf|#gh=qlwlrgv#duh#Byghadfe o hesis ytusikdthose dependencies. Inside the Maven build
and Gradle frameworks. In addition, it's also possi ble to cycle, maven-surefire-plugin  #vkrxog#eh#gh=qhg#zlwk#wkh#
execute tests directly through the console. Some ID Es have junit-platform-surefire-provider dependency, as shown in
already started to provide support for running JUni t 5 tests, Listing 3
so things look promising for the adoption of the fr amework.
Maven integratiow kh#Pdyhqg#ghshqghqf|#gh=qlwlrg# rligting 3.
JUnit 5 is shown in  Listing JAs | mentioned before, there is <plugin>
qr#qhhg#wr#gh jutgupkérsapi module, because <artifactld>
it will be fetched as a transitive dependency when | declare maven-surefire-plugin
junit-jupiter-engine : </artifactld>
<version>2.19.1</version>

Listing 1. <dependencies>
<dependency> <dependency>

<groupld>org.junit.jupiter</groupld> <groupld>

<artifactld>junit-jupiter-engine</artifactld> org.junit.platform

<version>5.0.0-M2</version> </groupld>

<scope>test</scope> <artifactld>
</dependency> junit-platform-surefire-provider
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</artifactld> Listing 6.

<version>1.0.0-M2</version> buildscript {
</dependency> repositories {
</dependencies> mavenCentral()
</plugin> }
dependencies {

The JUnit team developed the  junit-platform-surefire- classpath ‘org.junit.platform:+

provider dependency, and its aim is to enable running junit-platform-gradle-plugin:1.0.0-M2'
both JUnit Vintage and JUnit Jupiter tests through Sure- }

zuh!v#phfkdqlvpl#Wkh#ghshqgghqgf|#grhvg!w#|hw#vxssruw
dgydgfhg#sdudphwhuv#ri#Vxu fiorkGount aft # d v #

parallel /#exw#L#eholhyh#wkh#gh{w#Iwhudwlrqv#appwNigiV ougtjunitipkatform.gradle.plugin’

plugin will close that gap and will be 100 percent compatible

with JUnit 5. As shownin Listing 7#Iw!v#dovr#srvvieoh#wr#frg=jxuh#wkl
Gradle integratiole h=qlgj#ghshqghqflhv#lg#Judgoh#IGrédié pllgid with the  junitPlatform  directive, with which |
wr#gh=qlqj#wkhp#lg#Pdyhql#Mxslwhulgkhqjlgh#ddg#®IHgh#wkh#hqgjlghv#iru#h{hfxwlrd#hdaebhgjiqhvs

tions for Gradle are shown in Listing 4 by default, by the way) and test tags for inclusion or exclusion;
vhw#d#qdplgj#vwudwhj|#iru#=0whul¢jR{vithxwwk tiodiv v hv;
Listing 4. vshfli|#d#fxvwrpl}hgOuhsruwv#gluhfwrad#gbhOlywirqg>#
dependencies { d#orj#pdqgdjhu#frg=jxudwlirql
testCompile("org.junit.jupiter:+
junit-jupiter-engine:5.0.0-M2") Listing 7.
} junitPlatform {
engines {
Dgg#wkh#YIgwdjh#hqgjlgh#gh=qlwlLfiagvEjlyhq#lq# // include ‘junit-jupiter’, 'junit-vintage'
Il exclude 'custom-engine'
Listing 5. }
dependencies { tags {
testCompile("org.junit.vintage:+ /l include ‘'fast'
junit-vintage-engine:4.12.0-M2") Il exclude 'slow'
} }
/I includeClassNamePattern '.*Test'
To get the JUnit Gradle plugin hooked into the buil d, the I/l enableStandardTestTask true
soxjlg#vkrxog#eh#ghfoduhg#dqgg#wkhgdtsdjsxaed h g # 1 g #ed&lbw fs the default reports directory
wlrg#=oh/#dv#vkisting b # /1 "build/test-results/junit-platform"
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logManager 'org.apache.logging.log4j.jul.+

LogManager

Console integratiorhe ConsoleLaunchercommand-liine
application enables you to run the JUnit Platform d

from the console. The launcher can be executed with
command shown in  Listing 8Building the classpath with the

/path/to/opentest4j-1.0.0-M1.jar:
org.junit.platform.console.ConsoleLauncher -a

[The classpath should be entered as a single line. —Ed]

The -a#dujxphqw#vshfl=hv#wkdw#doo#whvwv#vkrxo
The -n argument can also be used to run only test classes
zkrvh#ixoo|#txdol=hg#qdphv#pdwfk#d#upl¥odu#h{suh
Several other options are available, although accor ding to the

ghhghg#MDU#=ohv#lv#d#suhuhtx|vlwlkao yn#w k bdicindathtion they are subject to change.

correct version of the artifacts.

Listing 8.
java -cp
/path/to/junit-platform-console-1.0.0-M2.jar:
/path/to/jopt-simple-5.0.2.jar:

/path/to/junit-platform-commons-1.0.0-M2.jar:
/path/to/junit-platform-launcher-1.0.0-M2.jar:

/path/to/junit-platform-engine-1.0.0-M2.jar:
/path/to/junit-jupiter-engine-5.0.0-M2.jar:
/path/to/junit-jupiter-api-5.0.0-M2 jar:

IDE integratioMdyd#LGHv#rq#wkh#pdunhw#duh#txIfno|#

to provide robust support for running JUnit 5 tests . At the
time of this writing, IntelliJ IDEA handles JUnit 5 tests with
its current release and creates a tree for tests by providing
support for both Jupiter and Vintage packages. Samp le output
for testing a series of stack operations is shown i n Figure 2
The test class contains the new  @Nestednnotation on test
classes, which enables creating hierarchies of test S, which are
fruuhfwo|#uhsuhvhgwhg#lg#wklv#=jxuhl
Eclipse Neon and NetBeans 8.1 also support executin g

JUnit 5 tests with the help of the JUnitPlatform runner,
which makes it possible to

run JUnit 5 tests on the JUnit 4
platform within the IDE.

Backward Compatibility
with Vintage Mode

With the help of the  JUnit
Platform class, which is an
implementation of JUnit 4's
Runner it's possible to execute
JUnit Jupiter-based test classes
on JUnit 4. The junit-
platform-runner module
contains the needed
JUnitPlatform class and it

Figure 20utput from IntelliJ for nested tests
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Jupiter engine dependency, as shown in Listing Qin Maven. }

}
Listing 9.
<dependency> Conclusion
<groupld>org.junit.jupiter</groupld> The JUnit team did a very good job with the latest release of
<artifactld>junit-jupiter-engine</artifactld> version 5, and the new packaging structure shows th at the
<version>5.0.0-M2</version> framework has been revamped to provide a foundation for
<scope>test</scope> many future releases. JUnit 5 addresses nearly all the limi-
</dependency> tations of the previous version and provides better support
<dependency> via integration points for build tools, IDEs, and t hird-party
<groupld>org.junit.platform</groupld> testing frameworks. By leveraging the use of lambda s and
<artifactld>junit-platform-runner</artifactid> with the help of new implementations such as the ex tension
<version>1.0.0-M2</version> model, | believe JUnit will continue to be the most popular
<scope>test</scope> Java framework. </article>
</dependency>
Mert Calikaf@mertcal) is a Java Champion and coauthor
A sample test case implementation is given in Listing 10as of PrimeFaces CookifBakkt Publishing, rst edition, 2013;
seen in the import statements, the test case is sol ely imple- second edition, 2015)Beginning Spri(wiley Publications,
phqwhg#z|wk#Mxq|W#8,#dqg#wkh#gh:q#ngqq@mgh _ﬁﬁ,;@uﬂe founder of Ankara JUG, the most active Java L
sible to execute the test on JUnit 4-based platform s such as group In Turkey'
Eclipse Neon.
Listing 10.

Import org.junit.jupiter.api.Test;

import org.junit.platform.runner.JUnitPlatform;

import org.junit.runner.RunWith; In-depth blog on the JUnit architecture
Using JUnit 5 in IntelliJ IDEA

JUnit team on Twitter

import static
org.junit.jupiter.api.Assertions.assertTrue;

@RunWith(JUnitPlatform.class) @ “Part 1: A First Look at JUnit 5,” page 14
class SampleTest { @ “A Deep Dive into JUnit 5's Extension Model,” page 2!
@Test @ “Interview with Kent Beck,” page 36
void sampleTest() { @ “Mutation Testing: Automate the Search for Imperfect
assertTrue(true); Tests,” page 43
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A Deep Dive Into JUnit 5's

Extension Model

The lowdown on how JUnit runs tests and how it interacts with librarmsaxks fra

I he next release of JUnit is version 5, indicating a major

release of Java’s ubiquitous testing library. The p rimary
reasons for this major release are a new architectu re that
separates JUnit the tool from JUnit the platform an d a new
extension model that does away with key limitations of the
previous architecture.

In this article, | examine the extension model, whi chis
what third-party libraries and frameworks use to in tegrate
with or extend JUnit. This topic will be of primary interest to
writers of those tools and libraries, as well as to developers
who want intimate knowledge of how JUnit works. To follow
along, you will need to have a good working knowled ge of
JUnit 4.

| should add that application developers who spend the
time to understand the extension model will be in a position
to reduce boilerplate and improve the readability a nd main-
tainability of their tests.

Test Lifecycle
Extensions hook into the test lifecycle, so let's | ook at that

@BeforeAll
static void setUpOnce() { /* <4.> */ }

@BeforeEach
static void setUp() { /* <5.> */ }

@Test

/| @Disabled <3.>

void testMethod(String parameter /* <6.> */)
{I*<7.then 8.>*}

@AfterEach
static void tearDown() { /* <9.> */ }

@AfterAll
static void tearDownOnce() { /* <10.> */ }

muvwl#Ohw!v#wdnh#wkh#iroorzlqj#whvw#dv#dq#hpophgon+#deryh,=

/| @Disabled <1.>
class LifecycleTest {

LifecycleTest() { /* <2.>*/ }
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Here are the steps in the lifecycle (the numbers re fer to the
1. Check whether the tests in the test class (called t he
container by JUnit) should be executed.
2. An instance of the container is created.
3. Check whether the particular test should be execute d.
(From a lifecycle point of view, this step occurs h ere.




However, from a coding point of view, this is gener ally AfterTestExecutionCallback are new. They are more of a

vshfl=hg#lg#wkh#orfdwlrq#pdunhg#I|q#ghKkh # stethhiicgll g géifement in case an extension needs to run as
4. The @BeforeAll (formerly @BeforeClas$ methods are closely to the test as possible, for example, to be nchmark
fdoohg#li#twklv#lv#Ewkh#=uvw#whvw#iurp#wkhiebtqwdlghul
5. The @BeforeEaclformerly @Beforg methods are called. What exactly is an extension, and how does it inter act
6. Test method parameters are resolved. (Note that tes t with extension points? For each of the extension po ints, there
methods can now have parameters!) exists a Java interface that has the same name. The interfaces
7. The test is executed. are quite simple and usually have one, sometimes tw 0, meth-
8. Possible exceptions are handled. ods. At each point, JUnit gathers a lot of context information
9. The @AfterEachformerly @ After) methods are called. ('l get to that shortly), accesses a list of regi stered exten-
10. The @AfterAll (formerly @AfterClass) methods are sions that implement the corresponding interface, ¢ alls the
called if this is the last test from the container. methods, and changes the test's behavior according to what is
Now let's see how to interact with that lifecycle. returned by the methods.
Extension Points A Simple Benchmark
When the JUnit 5 project came together in 2015, the main Ehiruh#glylqgj#ghhshu/#ohw!v#orrn#dWwEd®@Whplsath #h {d
designers decided on a couple of core principles, o ne of which say | want to benchmark my tests, which, for this e xample,
zdv#wklv=#suhihu#h{whqvlrqg#srigwv#ryhu#ihdwmeansllll print elapsed time to the console. As yo ud expect,
And quite literally, JUnit 5 has extension points. So when before test execution, | store the test launch time , and after
a test steps through the lifecycle described above, JUnit execution, | print the elapsed time.
sdxvhv#dw#gh=ghg#sriqwv#dqg#fkhfnv#zkdik#hywh q@IrgMqgj#ryhu#wkh#olvw#ri#zh{whqvlrqggriqwv/#wzr
interact with the running test at that particular s tep. Here's a rxw#dv#ehlqj# BetorebestExecutionCallback and
olvw#ri#wkh#h{whqvlrq#srigwv= AfterTestExecutionCallback 1#Khuh#duh#wkhlu#gh=qlwlrqv=
o ContainerExecutionCondition
o TestlnstancePostProcessor public interface BeforeTestExecutionCallback
e TextExecutionCondition extends Extension {
o BeforeAllCallback
< BeforeEachCallback void beforeTestExecution(
< BeforeTestExecutionCallback TestExtensionContext context) throws Exception;
o ParameterResolver
o TestExecutionExceptionHandler }
o AfterTestExecutionCallback
o AfterEachCallback public interface AfterTestExecutionCallback
o AfterAllCallback extends Extension {
Note how they correspond closely to the testing lif e-
cycle. Of these, only BeforeTestExecutionCallback and void afterTestExecution(
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TestExtensionContext context) throws Exception;

Wklv#lv#zkdw#wkh#h{whqgvilrg#orrnv#olnh=

public class BenchmarkExtension implements
BeforeTestExecutionCallback,
AfterTestExecutionCallback {

private long launchTime;

@Override

public void beforeTestExecution(
TestExtensionContext context) {
launchTime = System.currentTimeMillis();

}

@Override
public void afterTestExecution(
TestExtensionContext context) {
long elapsedTime =
System.currentTimeMillis() - launchTime;
System.out.printf(
"Test took %d ms.%n", elapsedTime);

}

Registering Extensions

Registering an extension on a
single container or method is idem-
potent—meaning registering the
same extension multiple times on
the same element has no additional
h<hfwl#Zkdw#derxw#uhjlvw

tore

vdph#rgh#rq#gl<huhqw#hoh ntext
Extensions are “inherited” in S th er

the sense that a method inherits all
I nod

extensions applied to the contain-

ing type, and a type inherits all the
extensions of its supertypes. They
are applied outside-in , so, for exam-
ple, a “before-each” extension that

was registered with a container is executed before extensions
to the same point on the executed method.

The outside-in approach, as opposed to a top-down
approach, implies that extensions adding “after” beh avior
are executed in reverse order. That is, extensions registered
on methods are executed before those registered wit h the

corresponding container.
Uhjlvwhulqj#gl<huhgw#h{whqvirqv#iru#diwg¢th#vdph#

point is, of course, possible as well. They are als o applied

outside-in in the order in which they are declared.

Registering a benchmark extengi@mthat knowledge, let's

dsso|#d#ehqgfkpdun#h{whqvlrq=

/I this is the way all methods are benchmarked
@ExtendWith(BenchmarkExtension.class)
class BenchmarkedTest {

Lw#lv#qrw#vx?2flhgw#wr#lpsohphqgw#d ditilofa # & o b XX g | w

to know about it. An extension can be registered wi th the
@ ExtendWitlannotation, which can be used on types and
methods and takes the extension’s class as an argum ent.
During test execution, JUnit looks for these annota tions on

whvw#fodvvhv#dqg#phwkrgv#dqg#uxqg#fdootorgg{Wwhqvirgv#lw
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void benchmarked() throws InterruptedException {
Thread.sleep(100);

}
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After registering the extension on the container, J Unit applies
it to all contained tests, and running benchmarkeawill output
Test took 100 ms .

What would happen if you added another method and
registered the same extension again?

@Test

@ExtendWith(BenchmarkExtension.class)

void benchmarkedTwice() throws InterruptedException {
Thread.sleep(100);

assertTrue(true);
}
Given the explanation presented earlier, the extens ion would
be applied again and, indeed, youd get the output twice.

Resolving extensiomBhw!v#jhw#d#ihholqj#iru#krz#u h povas wellvdmdthey implemented a simple feature w

is implemented. Whenever a test node (this could be a con-
tainer or a method) is prepared for execution, it ta kes the
AnnotatedElementthat it wraps (either a class or a method)
dgg#xvhv#uh>hfwlrq#wr@bBxtend\Witlaknhatations
before extracting the actual extension classes.

Thanks to a handy utility method and streams, this

happens in a pretty inconspicuous piece of code in JUnit =

List<Class<? extends Extension>> extensionTypes =
findRepeatableAnnotations(annotatedElement,
ExtendWith.class)
.Stream()
.map(ExtendWith::value)
flatMap(Arrays::stream)
.collect(toList());

That List is used to create an ExtensionRegistry , which con-

verts the list into a set to implement idempotence. The regis-
try not only knows the extensions on the element it IS created
for (let's say a method), but it also holds a refer ence to the
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registry that was created for the parent node (a co ntainer in
the example). Whenever a registry is queried for ex tensions,
It accesses its parent registry and includes the ex tensions

applied to it in its results. The call to the paren
wise accesses its parent and so on.

To implement the outside-in semantics | described e ar-
lier, ExtensionRegistry #r<huv#w zr# p hgé&tExtensions
and getReversedExtensions. The former lists the parent’s

t registry like-

extensions before its own, thereby making it suitab le for the
“before” order described earlier. The latter simply inverts the
result of the former, so it is called for “after” us e cases.

Seamless Extensions
Applying extensions with @ExtendWithvorks but is pretty
whfkglfdo#dgg#fxpehuvrphl#Oxfnlo|/#wkhpkM¥%qglw#wh
ith pow-
huixo#frgvhtxhgfhv=#Wkh#xwlolw |#phwmwkirdodw kdw#or |
tations know about  meta-annotations , which is a term that
describes annotations that are applied to other ann otations.

This means that it is not necessary to annotate a t ype
or method with  @ExtendWith #Lw#Ilv#vx?flhgw#wkdw#lw#ehd
annotation that is either directly or, through the same pro-
cess, indirectly annotated with @ExtendWithThis has impor-
wdqw#ehgh=wv#iru#uhdgdelolw|#dqqg#hgddahags | rx#wr
virgv#wkdw#vhdpohvvo|#Igwhjudwh# hlwik#H@hewid# | #ihd
look at two use cases.
Seamless benchmarks:ating a more beautiful variant of the
ehgfkpdun#h{whqvilrqg#lv#vwudljkwiruzdug=

@Target({ TYPE, METHOD, ANNOTATION_TYPE })
@Retention(RetentionPolicy. RUNTIME)
@ExtendWith(BenchmarkExtension.class)

public @interface Benchmark { }

Thanks to the Java ElementType #vshfl=h g# @akgef! can
use @Benchmauk test containers and methods, as well as




on other annotations, for further composition. This lets me

void testLogin {

uhzulwh#wkh#hduolhu#h{dpsoh#wr#omn#pxfk#iulhqddrpuunning test

@Benchmark
class BenchmarkedTest {

@Test
void benchmarked() throws InterruptedException {
Thread.sleep(100);

Notice how much simpler that is.

Compositing features and extensi@msher useful pattern
enabled by JUnit meta-annotations is the compositio n of
existing features and extensions into new, intentio n-

revealing annotations. A simple example is IntegrationTest =

@Target(METHOD)
@Retention(RetentionPolicy.RUNTIME)
@Benchmark

@Tag("integration™)

@Test

public @interface Benchmark { }

This is a custom annotation that a project might cr eate

Thread.sleep(10000);

}

Extension Context

One of the cornerstones of the extension model is t he

ExtensionContext /#dq#lqwhuidfh#zIwk#wzr#vshfldol}dwlrc
ContainerExtensionContext and TestExtensionContext. It

makes information regarding the current state of a container
ru#whvw#dydlodeoh#wr#h{whqvlrqv1l#DBSEdBMUH <huv?
interacting with the JUnit machinery. A look at its methods

vkrzv#zkdw#lw#kdv#wr#r<hu=
Optional<ExtensionContext> getParent();
String getUniqueld();

String getDisplayName();

Set<String> getTags();
Optional<AnnotatedElement> getElement();
Optional<Class<?>> getTestClass();

Optional<Method> getTestMethod();

void publishReportEntry(Map<String, String> map);

wr#ixo=oo#frpprq#uhtxluhphqwv#iru#ldwhijigrdwlrg#whvwyv

this case, all such tests are benchmarked and tagge d as

Store getStore();

integration /#zklfk#doorzv#wkhp#wr#eh#=o0whuhg# &tpgd gebtonefNamespace namespace);

importantly, annotated with @ Testwhich allows you to use
@IntegrationTest instead of @Test

class ServerTest {
@IntegrationTest
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JUnit creates a tree of test nodes, and each node p roduces

these contexts. Because the nodes have parents (for example,

the node corresponding to a test class is parent to the nodes

corresponding to the methods it declares), they let their

extension context reference their parent’s context. .
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Wr#hqdeoh#|rx#wr#lghqgwli|#dqgg#=o0wW b¥dng/w

these items have IDs, more-human-readable display n ames,
and tags, which are accessed using the context meth ods. Very
importantly, the context gives access to the class or method

Iw#zdv#fuhdwhg#irul#WKkIv#hqde ohvathywitwgl v gr/gtv

which can, for example, access a test’'s annotations or a

It IS Stra_ightforﬁﬁéa;iﬁtjmvﬁgltzIﬁihqw#rstxw
old JUnit 4 tests~anreh Aewso
JUnit 5 tests side” Sighey, v ek Fphwkrg

: _publishReportEntry enables

Thls means It ISarnQa sion to interact with

fodvviv#=hogvl#Ohwlv#vhh#wklv#lakdawiki e i [lECESSAlY ({0 migrq&‘iecinauy,thereisa

benchmark extension to include the test's display n ame in
wkh#orjjhg#phvvdjh=

@Override
public void afterTestExecution(
TestExtensionContext context) {
long elapsedTime =
System.currentTimeMillis() - launchTime;
System.out.printf("Test '%s' took %d ms.%n",
context.getDisplayName(), elapsedTime);

|nd |V|d ual tests . data store that must be used to

persist an extension’s state. I'll

‘ discuss this shortly.
As I've mentioned, JUnit
Is in charge of identifying and applying extensions , Which
implies that it is also managing instances of the e xtensions.
How does it do that? If you are going to assign inf ormation you
jdwkhuhg#gxulqgj#d#uxq#wr#=hBenchihvkExtepsion | g #
you need to know the extension’s scope and lifetime
Dv#lw#wxuqv#rxw/#wkdw!v#dq#lgwhagilprgalo|#xqvVv

} phgwdwlrg#ghwdlol#Gh=qlqj#d#olihf]|#dtwwdgfh{wihqvl
and tracking them during a running test suite is at best both-
And you can go even further. Instead of crudely pri nting to ersome and at worst a threat to maintainability. So all bets
the console, you can use JUnit's report infrastruct ure by call- duh#r<$#MXqlw#pdnhv#qr#jxdudgwhhv#zgéwihhtyhu#u
ing publishReportEntry = lifecycle of extension instances. Hence, they need to be state-
less and should store any information on a data str ucture
@Override surylghg#e|#MXqglw#iru#wkdw#vshfdtare#sxusrvh=#wkh#
public void afterTestExecution( The storea store is a namespaced, hierarchical, key-value
TestExtensionContext context) { gdwd#vwuxfwxuhl#Ohw!v#orrn#dw#héfidd gi#twkhgh#su
long elapsedTime = To access the store via the extension context, a na me-
System.currentTimeMillis() - launchTime; space must be provided. The context returns a store that
String message = manages entries exclusively for that namespace. Thi s is done
String.format("Test '%s' took %d ms.", wr#suhyhqgw#froolvirqv#ehwzhhq#gl<hshgawhdmwthqgvlrc
context.getDisplayName(), elapsedTime); on the same node, which could lead to accidental sh aring
context.publishReportEntry( and mutation of state. (Interestingly enough, the a ccess via
createMapWithPair("Benchmark", message)); namespaces can be used to intentionally access anot her
} extension’s state, allowing communication and, henc e, inter-
action between extensions, which could lead to inte resting
L#zrq!'w#glvixvv#MXqglw!v#uhsruwlqjA#iexiod wy 2T #£pbslibriary features.) .
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Stores are hierarchical because a store is created for each
extension context, which means there is one store p er node in
the test tree. Each test container or test method h as its own

store. In much the same way as nodes “inherit” exten sions,

stores inherit state. To be more precise, when a no de creates
a store, the node hands the store a reference to it S parent’s
store. Thus, for example, the store belonging to a test method
holds a reference to the store belonging to the tes t class that
contains the method. Upon queries (but not edits), a store

private static final String LAUNCH_TIME_KEY =
"LaunchTime":

Uhdglqgj#dqg#zulwlqgj#duh#wzr#vipsoh#phwkrgv=

private static void storeNowAsLaunchTime(
ExtensionContext context) {
context.getStore(NAMESPACE)
PUt(LAUNCH_TIME_KEY, currentTimeMillis());

zuvw#fkhfnv#lwv#rzq#frgwhqw#ehirukh#gtdohgowd §j#wr#lw

store. This makes a store’s state readable to all ¢ hild stores.
Regarding having a key-value data structure, a stor eisa

private static long loadLaunchTime(

vipsol=hg#pds#lq#zklfk#nh|v#dqg#yd o x| fdl#e HExrdmstbgContext context) {

Khuh#duh#wkh#prvw#hvvhgwldo#phwkrgv=

interface Store {
void put(Object key, Object value);
<V>V get(Object key, Class<V> requiredType);
<V>V remove(Obiject key, Class<V> requiredType);

The methods get and removetake a type token to prevent
clients from littering their code with casts.

return context.getStore(NAMESPACE)
.get(LAUNCH_TIME_KEY, long.class);

ZiIwk#wkhvh#phwkrgv/#L#uhsodfh#wklg#dffhvv#wr#wktl
launchTime, which can subsequently be removed.

The methods executed before and after each test now
orrn#dv#iroorzv=

@Override

Wkhuh#lv#qr#pdjlf#wkhuh>#wkh#vwruJH#whps ojubte hoid bekdréfTestExecution(

internally. Overloaded methods without type tokens exist

as well.

Stateless benchmarks.make the benchmark extension

vwdwhohvv/#L#ghhg#d#frxsoh#ri#wklqjv=

2 A namespace for the extension to access a store

2 A key for the launch time

¢ The ability to write to and read from the store ins
iurp#d#=hog

tead of

lru#gwkh#=uvw#wzr/#L#ghfoduh#wzr#frqvwdqwv=

private static final Namespace NAMESPACE =
Namespace.create("org", "codefx", "Benchmark");
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TestExtensionContext context) {
storeNowAsLaunchTime(context);

@Override
public void afterTestExecution(
TestExtensionContext context) {
long launchTime = loadLaunchTime(context);
long runtime = currentTimeMillis() - launchTime;
print(context.getDisplayName(), runtime);




As you can see, the new meth- . %org.junit.jupiter.api.Test

ods use the store instead of the Du Il ng the te% blic @interface Test { }

—hog#wr#shuvivw#dqg#dffhv IlfecyCIG, Junlt

extension’s state. pauses at eac\hklv#lv#su hww|#vwudljkwiruzdug=#lggmwdwrgil#f od u h

. = and meta-annotate it with JUnit 5's @Testso JUnit will iden-

Retro tting @Test extension poil I annotated methods as test methods and run them

Ohw!v#orrn#dw#d#qhz#h{dp: Searches OI' dtKpecting exceptionsir#pdqdjh#h{shfwhg#h{fhswlrqv/#L#=

leverages much of the material I've eXten S|On S th &Fd a way for the user to declare them. For this, | extend

just covered. m annota':'fn with code that is heavily inspired by JUnit 4's
Ohw!v#vd|#L#zdgw#wr#p| apply to the Clkﬁ‘sr(ﬁp gwdwlrq#ri#wklv#ihdwxuh=

JUnit 4 to JUnit 5. First of all, thanks test nOde, gathers
to the design of the new architec- Context Informaﬁ@hﬂ’erface Test {

ture, it is straightforward to run

old and new tests side by side. This and Ca"S eXte n&k@l@)@ extends Throwable {
means it is not necessary to migrate N OUtSlde-ln Ord ¥ ate static final long

individual tests, which makes what serialVersionUID = 1L;
follows a little moot but no less fun. ‘ private None() { }
| want to replace JUnit 4s ~ @Test }
annotation with a new version that makes the annota ted
method a JUnit 5 test. | could pick JUnit 5's @Testand this Class<? extends Throwable>

zrunv#lg#prvw#fdvhv=##d#vipsoh#vhdqg#kdklg# O0uhso eékpected() default None.class;
Ipsruw#zrxog#gr#wkh#wulfnl#+QrwhxfWKlvEhdmxvw#d#wk

iment, not an actual recommendation.) }
But JUnit 4's optional arguments expected (to fail tests
when a particular exception is not thrown) and timeout (to Now, a user can use expected to specify which exception to
fail tests that run too long) are not supported in J Unit 5's expect. It defaultsto  None
annotation. JUnit 5 provides these features via assertThrows The extension itself will be found in a class calle d
and the upcoming  assertTimeout. But 'm looking for a way ExpectedExceptionExtension, which is shown below. T 0 reg-
that requires no manual intervention, which preclud es updat ister it with JUnit, | annotate @Teswith @ExtendWith(Expected
ing the tests to the new API. ExceptionExtension.class) .
So why not create my own @ Testhat JUnit 5 will recog - Next, | need to actually implement the desired beha vior.
nize and run and that implements the desired functi onality? Khuh#lv#d#vkruw#ghvfulswlrq#ri#krz#L#fdg#gr#lw=
lHluvw#wkliqjv#=uvwl#L!oo@Jestdaqdriddiglng# 1. If a test throws an exception, check whether it is the
expected exception. If it is, store the fact that t he
@Target(METHOD) expected exception was thrown. Otherwise, store tha tit
@Retention(RetentionPolicy.RUNTIME) was the wrong one and rethrow the exception (becaus e .
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the extension is not in charge of that exception).
2. After the test is executed, check whether the expec
exception was thrown. If so, do nothing because eve

ted
ry-

wklgj#zhqw#dv#sodqghg>#rwkhuzlvh/#idlo#wkh#

For this logic, | need to interact with two extensi on
points, TestExecutionExceptionHandler and AfterTest
ExecutionCallback , so | implement the corresponding
lgwhuidfhv=

public class ExpectedExceptionExtension
implements TestExecutionExceptionHandler,
AfterTestExecutionCallback {

@Override
public void handleTestExecutionException(
TestExtensionContext context,
Throwable throwable)
throws Throwable {}

@Override
public void afterTestExecution(
TestExtensionContext context) { }

Ohw!v#vwduw#zlwk#vwhs#4#dqg#fkhfw#rzdkhlw ¥ h u #oekbaeptopflas thrown, the extension point | impl

the one expected. For this, | use a small utility f unction,
expectedException, which accesses the @ Tesannotation,

extracts the expected exception class, and returns itin an
Optional (because maybe no exception was expected).

To capture the observed behavior, | create an enum, EXCEPTION
and to persist the observation in the store, | writ e store
ExceptionStatus . With these helpers in place, | can imple-
phgw#wkh#=uvw#h{whqvlrq#srigw=

@Override
public void handleTestExecutionException(
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TestExtensionContext context, Throwable throwable)
throws Throwable {
boolean throwableMatchesExpectedException =
e‘&'&e\’c%&Exception(context)
filter(expected ->
expected.isinstance(throwable))
IsPresent();
if (throwableMatchesExpectedException) {
storeExceptionStatus( context,
EXCEPTION.WAS_THROWN_AS_ EXPECTED);
} else {
storeExceptionStatus(context,
EXCEPTION.WAS_THROWN_NOT_AS EXPECTED);
throw throwable;

}
}
Note that by not rethrowing the exception, | inform JUnit that
| processed it and that all is in order. Accordingl y, JUnit will
neither call additional exception handlers with it nor fail the
test. So far so good.
Now, after the test, | need to check what happened so |

can react accordingly. Another helper, loadExceptionStatus ,
zloo#uhwulhyh#wkh#vwdwh#dqg#gr#ghrud# xkwgdh u # v |

emented
above will not have been called, which means no EXCEPTION
instance was placed into the store. In this case, loadException

Status willreturn EXCEPTION.WAS_NOT _THHefe\iglthe
Ipsohphgqwdwlrqg=

@Override
public void afterTestExecution(
TestExtensionContext context) {
switch(loadExceptionStatus(context)) {
case WAS_NOT_THROWN:
expectedException(context)




.map(expected -> new lllegalStateException( IvEwkdw#wkhuh#fdg#eh#qr#h{whqvlrq##sikfdwituxq#wlh

"Expected exception " + expected + threads, such as the event dispatch thread for Swin g tests
" was not thrown.")) or the application thread for JavaFX tests. The JUn it team is
IfPresent(ex -> { throw ex; }); well aware of this limitation 1#0Ohw!v#krsh#wkh|#dgguhvv#Ilwj
You could implement an alternative feature that mea -
case WAS_THROWN_AS EXPECTED: sures how long a test ran, which implies that it mu st have
/Il the exception was thrown as expected, =qlvkhg/#dqg#idlo#lw#li#tlw#zdvé#dettyiwwka ¢ wklusrvkr
/Il so there is nothing to do discussed so far, this should be fairly straightfor ward.
case WAS_THROWN_NOT_AS EXPECTED: Conclusion
I/l an exception was thrown but of the Zhlyh#vhhg#wkdw#MXqglw#8#surylghvi#susgwh=t#h{whqv
I/l wrong type; it was rethrown in which are nothing more than small interfaces. Exten sion
// handleTestExecutionException, developers can implement these interfaces and regis ter their
/Il so there is nothing to do here implementations directly with @ExtendWitlor, more seam -
} lessly, with custom annotations.
} During the test lifecycle, JUnit pauses at each ext ension
point, searches for all extensions that apply to th e current
Two details of this approach are worthy of debate h ere. test node, gathers context information, and calls e xtensions
2 Is there a more appropriate exception than lllegal in outside-in order. Extensions operate on the cont ext and
StateException ? For example, perhaps an  Assertion whatever state they persisted in the store. JUnit r eacts to the
FailedError would be better. return values of the called methods and changes the test's
< If the wrong exception was thrown, should I fail th e behavior accordingly.
test here? We've also seen how you can put this together for a
| rethrew the exception in handleTestExecutionException simple benchmark extension and for a more-involved clone
so presumably it either failed the test already or was caught of JUnit4ds @Testtdgqrwdwlrgl#\rx#fdg#=qg#wkhvh#dqg#p
by some other extension that made the test pass. So failing, examples from me on  GitHub .
it might break that other extension. If you have any questions or remarks to share, let me
Erwk#wrslfv#duh#zruwkzkloh#sxuvxl|qj#wr# = ckihow# wktiviés
ture. But other than that, we're done with the exte nsion to
handle expected exceptions. Nicolai Parlo@nipafx) has found his passion in software devel-
Timing outThe original timeout guaranteed that JUnit 4 opment. He codes for a living as well as for fun. Parlog is the e
zrxog#dedqgrag#d#whvw#rgfh#wkh#vshfl#hg#wlp Pk SRS Java channel and blogs about software developmn
That requires pushing the test onto a separate thre ad. on codefx.org. He also contributes to open source projects.
Unfortunately, JUnit 5 has no extension points inte racting
with threads, so this is not possible. One dire con sequence
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Interview with Kent Beck

The parent of JUnit and creator of TDD discusses programming and testing—
and how his views on testing have evolved.

fkdqjhv#wkhuhB#Li#L#zhuh#wr#dvn#luzfyqu#uhylhz#
is it that you do there? plgj#zdv#lqiruphg#e|#wkh#frqfhuqv#rit#zvykbal#j/#zkdw:
Beck#L#dp#irfxvhg#rq#hqgjlghhu#hgxfdwlrgd#IR#r pixdeodWwlwaégl<huhqwB
whikglfdo#frdfk/#dqgg#wkdw#phdqgv#zkdi#¢gdrapBeokrdaw#d#juhdw#txhvwlirqg#ehfdxvh#éwla#lnwdd oo |#ko
surjudp#dgg#wdon#zlwk#hqjlghhuvl grzq/#vr#L#fdg#jlyh#|rx#vrph#vshfl=fdu#EPmypH|j#Iv#i
Binstock#Duh#wkhvh#w|slfdoo|#vhdvrghg#hqgjvawhupgruwa gmiSiuirupdgfh/#lg#vrph#fdvips/ralv#idu#pru
uhfhgwo|#hgwhulqgj#wkh#=hogB wdqwl#D#wlqg|#olwwoh#shuirupdqfh#uhylh#Wniqy#dd g #
Beck#Doo#vruwvl#Zkdw#L#=qg#li#L#frdfkéd#exqikivi#ggdqh#Ehfdxvh#zhluh#wu|lqgj#wr#hghwawh#yhu |#
dw#d#jlyhg#ohyho/#L!oo#vwduw#v s [#zak dywhsdww hlugpwitldppg #ri#fdsiwdo#dqg#dovr#Iq#wldope#g wiRHS Xv#d

erwwohghfn#wkh|luh#klwwlqj/#dgg#iudqgno|/#
L#jhw#eruhg#whoolqgj#wkh#vdph#vwrulhv#dqg#
dgguhvvigj#wkh#vdph#lvvxhv1#Vr#L!oo#zulwh#
a course that addresses those issues.
Zh#kdyh#dqg#rujdqgl}dwlrg#wkdw!v#yhu|/#
yhul|#jrrg#dw#fudgnlqj#orwv#ri#hqgjlghhuv#
through the course. So we have courses
iru#ghz#froohjh#judgxdwhv>#zh#kdyh#d#
frxuvh#iru#shrsoh#pdnlqj#wkh#wudqviwlrqg#
wr#whfkqglfdo#ohdghuvkls>#zh#kdyh#d#frxuvh#
iru#whfkglfdo#ohdghuv#kluhg#lg#iurp#wkh#
rxwvigh/#ehfdxvh#ldfherrn#fxowxuh#lv#yhu|/#
yhu|#gl<huhqw/#dqgg#li#|rx#duh#xvhg#wr#ohdg
lgj#el|#jlylqj#frppdqgv#wkdw#rwkhu#shrsoh#
reh|/#wkdw!v#qrw#jrliqj#wr#zrunl
Binstock#Zkhqg#|rx!uh#zrunlqj#lq#d#sodfh#

olnh#ldfherrn/#|[rxiuh#suredeo|#KBi BEER fnventor of extreme prograntiffif

dgg#hyhu|wklqgj/#wkhuh!v#yhu|#o0olwwoOl
urrp#vrphwlphv1i#Vr/#iru#fhuwdlg#whd
shuirupdqgfh/#wkhuh!v#d#orw#wr#orvh/
dv#d#olwwoh#elw#wr#jdlg/#dqg#wkdw!
xgxvxdol#Orjjlgj#lv#doo#derxw#ehlqj?
wr#ghexj#diwhu#vrphwklgj#kruuleoh#]
zurqgjl#Lg#fodvvif#h{wuhph#surjudppl
vw|oh/#|rx#duhq!w#jrlqj#wr#qghhg#Ilw#-
vr#|rx#grq!w#zulwh#lwl#Zhoo/#khuh#|
jrigj#wr#qhhg#lw/#vr#|rx#gr#zulwh#lw
li#|rx#grqlw#hqgg#xs#hyhu#qghhglqj#lw/
vwloo#ghhg#lwl

Binstocki see.
Beck#\rx#ghhg#wkh#rswlrq#ri#ehlqgj#de
srvwOpruwhp#d#vhuylfh/#dgg#wkdw#rs
zruwk#d#orw#lq#d#zd|#wkdw#L#m x\wi
efore.

gl<huhgw#nlqgg#ri#vfdolqj#glphagandaberedio# of JUHis work led to the BinstockHow about when you commit
prvw#ghyhorshuv#hqgfrxqwhul#V populanty of developer-based testing. frgh#wr#wkh#pdIq#wuanB#L#zrxo.
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that the amount of test- hfdxvh#fw!v#jrIqj#wr#eh#ghsor|hg#rq#\kdqgu#gv#ri#v

aj#wkawividssolng+y 1ESES @re Just one fRLm.0
code before that ever gets feedback, and thel’e Ak@* SIS wr#wkh#zheviwh/#|rx#jhiwgihhgedfn#c
checked into the main rea”y gOOd thlngS abw-ttztﬁelmrx#jhw#ihhgedfn#e|#wh)/#v|qu<j#jltww#¢pdqxd

exlog#lv#suredeo|#vlb td d t'hhgedfn#e|#xv|’qj#|w#|qwhuqdoo|l#\r|>##1jrfwm#dquu#lg/\etdvf/m#1
fdgwo|#juhdwhu#wkdc u epen Ing on pdoo#shufhgwdjh#ri#wkh#vhuyhuv#tw kg k#king # z dw f

tdo#exvighvv#viwhvis SitUation vou'’re in, theFeyo#1i#viphwkigj#jrnvekd]zluh/ dw i d ke x v w 4

Wuxh/#vyrrB can aISO e some k#Vr#qrquhyhuvleoh#ghfIvIrqv#JhW#wk.##khdy|#l
Beck:That is not true as a shukKdsv#h{wuhph#whvwlqj/#dgg#hyhupwkkgj#hovh#ul

eodgnhw#vwdwhphqw! SUbStantlaI COStS pruh#oljkwo|#Ig#wkh#vdggoh#ehfdxvbkrjZwkh#uhyhu\

d#suqulsoh#L#ohdqu‘UIp# Beck#\hv1
dg#hfrqrplfv#surihvvru#
fdoohg#uhyhuvlelolw|1#Vd]|# Development of JUnit

|rx#kdyh#d#frpsolfdwhg#v|vwhp#wkdw#eldfwy# BinSioaKKE@hw ! !v#glvixvv#wkh#ruljlgv#ri#M X glml# WKk v #
vwlipxoll#Khqu|#lrug#exlow#wkhvh#xgbh#hdhghqwipdaowilogitid#orw#lIg#ydulrxv#ylghrv#wkdw#d vk hwh# pdgh
ulhv/#frpsolfdwhg#v|vwhpv#lq#zklfk#d#hi grgod wwlohg#H kr#wkurxjk#lw#djdlg/#ohw#ph# dwindrizithzdine ¥h v w
kdyh#kxjh#h<hfwv1l#Vr#klv#uhvsrqvhiwibdwkew#weh#wrednbhlglwldoo|#glylghg#ehwzhhgpgprdk#dgg#Hulfk:
gxpehu#ri#tvwdwhv#wkh#idfwru|#frxodpteoid g # e |Beakzh{#sdluOsurjudpphg#hyhu|wkliqgjl
pdnlgj#doo#fduv#eodfnl#Doo#fduv#ahutk g jeoBiNstoek#Wx # | rx#jx|v#zhuh#erwk#lgyroyhg#wkurxjkrxw#
lrug#zdv#d#frqwuroolqgj#wljkwzdgl# Lkndtwziw Kiv#p oy vulE#vsurmhfwB #
sdlgw#vkrs#hlwkhu#kdg#sdlgw#ru#lw#glgq!wl Beck#zh#olwhudoo|#glg#qrw#wrxfk#wkh#f#ghwkgohvv#
Wkdw#pdgh#wkh#zkroh#wklgj#hdvihu#wr#pdqgdjww#gjFHwnworj#aiwkhu iru#vhyhudo#|hduvl
Idfherrn#fdq!w#uhgxfh#wkh#qgxpehu#ri#vw#dighwy BinstockwWere you using a form of TDD at the time?
Zh#zdqw#wr#nhhs#dgglqgj#pruh#dqgg#préhk#xidwBackkdwitvwulfwo|l#Zh#ghyhu#dgghg#déuhdvo h#zw
zh#frqghfw#wkh#zruogl#Vr#lgvwhdg#mpéhbhyxif#qtesy &dse g x
vwdwhv/#zh#pdnh#ghflvirgv#uhyhuvlehl gt hBIn$toOKBER N1 #Vr#krz#glg#|rx#uxg#wkh#whvwagpsulru#w
rgfh#|rx#fxw#d#sihfh#ri#phwdo/#|rxZHidqlwzh4oxwddwli#wr#uxqg#whvwvB
wkh#htxlydohqw#ri#wkdw#doo#wkh##Irxipdw # Hd fBeckA E##térrwvwudsslqgjl#Lw#orrnhg#xjo|Ad#vetrivwl#\
d#ghflvirg#uhyhuvieoh/#wkhq#|rx#gtotHeHd ok kokn e wihhy#iurp#Ewkh#frppdgg#olgh/#dqgg#whkhg#y#u|#txIf
nlgg#ri#uljrufwkdw#|rx!uh#wdonlqj#o&ksdwddm nwHghwg Earxjk#ixgfwlrgdolw |#wkdw#Ilw#e h#vphwutgaty hqglhc
wlrg#zkhq#lw#uroov#rxw#dqg#wxugrwshp#lli#lwinkk#iwhwwv1i#Wkhg#hyhu|#rgfh#lg#d#AgkVehd#d%#euhd
Binstock#W kdw!v#dg#lgwhuhvwlgj#dowhuqgdwlyh#dgsg#afkdw#jlyhv#|rx#d#idovh#srviwly ohdxdW##dqg#
Beck#Zhoo/#wkhuh!v#d#exqfk#ri#frxqwhuh {siprs/agh wDilodmkidfovhvwv#duh#sdvviqj/#exw#Z B hvavgy W # uxed
frgh#wkdw#kdqgohv#prgh|#grhv#jr#wkunx|jk#h{wwedrfidxhgd#4ri#zkdwhyhu#fkdqgjh#zh#mxvw# pddydhhl $# Wikhq:
uljru/#ru#wkh#0OIlgx{#nhuqgho#jrhv#wkul#kh{#vudmegtgedin#wr#errwvwudsslqjl#Shrsohdkuxog#wul#w
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flvhi#Wkdw#lv#dqg#h{wuhpho|#kqirupdwlyh#h{hu
flvh/#wr#errwvwuds#d#whvwlqgj#iudphzrun#whvw#
xviqj#lwvhoil

Binstock#W kh#rqo|#wklqj#|rx#kdg#ehiruh#wkdw#
zdv#VXqlw#rd#MXqglw#suhfxuvru#zulwwhq#e|#Ehfn#
iru#Vpdoowdon 1#Wkdw#glgq!'w#vhhp#olnh#lw#zdv#
jrigj#wr#eh#yhu|#khosixo#lq#zulwlgj#MXqlw#
h{fhsw#rq#d#frgfhswxdo#ohyhol
Beck#Qr/#qr/#zh#vwduwhg#ryhu#iurp#vfudwfkil
Binstock#Zkdw#uroh#|rx#glg#|rx#kdyh#lq#
MXqlw#8B#Dv#L#xgghuvwdqgg#lw/#|rx#zhuh#qrw#vlj
gl=fdgwo|#lqyroyhg#lg#wklv#uhohdvhl#
Beck#\hv/#L#wklgn#qr#lqgyroyhphqw#zkdwvr

li#wkh#odwhqf|#pdwwhuv#dqgg#wkh#kdoiO
wkh#olgh#ri#frgh#lv#vkruw/#wkhg#|rx#vki
write tests.
Binstock#Lqgghhg/#zkhg#h{sorulqj/#li#L#uxc
huuruv/#L#pd|#edfnwudfn#dqg#zulwh#vrp
mxvw#wr#jhw#wkh#frgh#jriqgj#zkhuh#L#wk
vxssrvhg#wr#jrl
Beck#L#ohdughg#wkhuh#duh#orwv#ri#irup
edfnl#Whvwv#duh#mxvw#rgh#irup#ri#ihh
dgg#wkhuh#duh#vrph#uhdoo|#jrrg#wklqjv
wkhp/#exw#ghshqglgj#rq#wkh#viwxdwlrqg#
lg/#wkhuh#fdg#dovr#eh#vrph#yhu|#vxevw
frywv1i#Wkhg#|rx#kdyh#wr#ghflgh/#lv#wkl

hyhu#lv#suredeo|#wkh#forvhvwl#Difgix#lord wtLst wkwdgh#dwidvhv#zkhuh#wkh#wudghOr<#wlswidhrgBi#zd|#ru#
wkh|#zhuh#wdonlqj#derxw#krz#wr#pdniggw zZrigl<Bhmgo#madgw#wkh#uxoh/#wkh#rqh # d ewloxwhdwwdo h/ # e
fkdgjhv#lg#rqgh#uhohdvh/#dqg#L#vdlg/wel#gbangj#ekhp#wklgnlgj#dv#idu#dv#L!p#frqgfhughgl
hqw#uhohdvhvi1#Vr#rgh#slhfh#ri#sdwhiodwddozooghl WBINSOCE#\hv/# L#wklgn#shukdsv#rgh#ri#wkh#juhdw#eho
pruh#wkdg#wzr#ghfdghv#ri#surjudpplqj#hkis#ulhqgfh#l
Test First juhdw#glvwuxvw#lqg#rgh#ryhudufklqj#uotqhodwkdw!v#x o
Binstock# Gr#|rx#vwloo#zrun#rq#vwulfwo|#d#whvwazgg¥wwHgetdgoiBi#o|#dssolhgl
Beck#Qri1#Vrphwlphv/#|hv1 Beck#\hvi#Wkh#rqo|#uxoh#lv#wklgnl#LEP#kdg#wkdws:
Binstock# RN1#Whoo#ph#krz#|rxu#wkrxjkwv#kdyh#Bwnstogakg#earhfdoo#|rx#vd|lgj#wkdw#fhuwdlguwk  gjv/#c
wkdwl#Zkhq#L#orrn#dBdrémelP¥ogramniing Explained /# dgg#vhwwhuv/#uhdoo|#grgq!w#kdyh#wy#wdh#zulwwhqg#w
wkhuh#vhhpv#wr#eh#yhu|#olwwoh#zIjjéwkadwp# | Beoksipgwtk lgn#wkdw!v#pruh#vshfl=f#wk dbgcekdiw#L #vd
Has your view changed? ehhqg#p|#srolf|#wkdw#qrwklqj#kdv#wri#h K nsioohwth g1 # O
Beck#Vxuhl#Vr#wkhuh!v#d#yduldeoh#w kdwgl#ogn gal wehopravahdi #frgh#z Iwkrxw#d q | #wh vivd## o q Ok#v kh | #
wkdw#wlph/#zklfk#lv#uhdoo|#lpsruwdegwderxawek hrEprdidlOfdqg#wkh|#vhuyh#wkh#zruo &lé¢\#iadohw ub |/ #
zkhg#dxwrpdwhg#whvwlqj#lv#ydoxdeoh b#Lmiad k ¥ thekibstaddd 0 i 0
olgh#ri#frghl#Li#|rx!'uh#lg#h{sorudwluhg#prghw#d qg#|YWkhuh#duh#orwv#ri#irupv#ri#ihhgedthigfdqg#rqgh#
wullgj#wr#=jxuh#rxw#zkdw#d#surjudp#pnNpkw# gr#d ggpwkdw#jrhv#Iigwr#wkh#wudghOr<#lvedakld g#v #u # w
[rxu#h{shulphgwv#duh#jriqj#wr#eh#iddbxuhrg#d ¢ gwletttagimholkrrg#ri#d#plvwdnhB#Vr# | rkddcd whi® e # jh w
pdwwhu#ri#krxuv#ru#shukdsv#gd]|v/#whkdlg#pvewiHEm twkhdehwwhu/#lw#qghyhu#fkdqgjhvdaidikdr&2hdtg#phv
WGG#grq!w#nlfn#lqg/#dgg#lw#vorzv#gradg#wk l#h {lschyH gwgiwkdyh#d#gl<huhgw#frqyhuvdwd g §#HWraw vd.u
odwhqf|#ehwzhhqg##L#zrqghu$#dqg##L # whwllpiwA r xa{zdglndswttisdiwe o h p 1
wr#eh#dv#vkruw#dv#srvvlieohl#Li#whkdwy#k hprs# Bingtodkehzik hq#|rx#ruljlqgdoo|#irupxodwhg#wkh#uxohv#i
vkruwhu/#=qgh/#exw#riwhq/#wkh|#pdnhiEwkhdge#l whqh#rotgqykh#frughuvwrqghv#zdv#wkdw#xaddk&ldyhutd
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wkh#vpdoohvw#srvvleoh#lq Lt t dnh#wklgghu#volfhv/#dqg#|rx#fdg#douadrdghluym#ris#
phagw#ri#ixgfwlrqdolw|1#Zk ! lterate progra PkIfk#wr#lpsohphgw#wklgjv#wr#vhuyliBgl#huhqw#s

that view come from? What was JUSt don’t Malntalbi#|rx#whoo#ph#L#kdyh#d#ghpr#rq#ieigd|/#L#Ipsc

Ipsruwdqw#derxw#wkh#vpd Very V\I&icausewqujv#lq#d#gI<huhqw#rughu#wkdq#;}f#ﬁwx#whq###h#l
srvvlieoh#lqgfuhphqwB# dg#whvw#rq#lulgd|/#vdph#surmhfhhl# whpdlj«hqy #wr#v

] r
Beck#Li#|rx#kdyh#d#elj/#eh theres SO muc&qwo|/#dqg#L!p#jrIqj#wr#lpsohphqw#tvwlql##g\rehfmv#lq#d
Lwdoldq#vdodpl/#dqg#|rx#: Coupllng betweem:th@u#gnshagiqj#rqezkdwsp|#qh{w#jrdo#Ivis

. s et . , _
nqrz#krz#orqj#lwiv#jriqj#w prose and dla raﬁﬁlg#Vr#wkh#vpdoohvw#srvvleoh#quuhphqw#lv#d#.

wr#hdw#wkh#zkroh#wklqj/# uxoh#wr#dsso|#zkhg#wkhuh#duh#rwkhw#vd jfjMa vonw# w k d

vwudwhij|#lIv#Ewr#fxw#r<#d# and the COde wklfnhu#volfhvB

Iw#dgg#wkhq#gr#wkh#dulw ITLHEVIIF Beck#L#grq!'w#eholhyh#lg#wkh#vpdoohewsshnw#eoh#vc
4#4ploolphwhu#wdnhv#ph#43#vifrqgv/# lg#=jxulgj#rxw#krz#wr#pdnh#wkh#volprdwiospdoohul#LC
wkhq#633#ploolphwhuv#duh#jrigj#wr# dv#L#wklgn#L!yh#jrwwhg#wkh#volfhwiisomddbrz#l |v#=qQ:

wdnh#ph#6/333#vhfrqgv qrz#pd|eh#pruh/#podeH #otphvilzdV#wr#pdnh#wkhp#kdoi#wkdw#vih/ #dqg#wkhq
pd|#eh#srviwlyh#ihhgedfn#orrsv/#qghjawdyh#ihhgefvhso=##Zk|#glgqg!w#L#wWklgn#ri#wk lywethrigh&B#W kdw
rwkhu#wklqjv#wr#fkdgjh#wkdw#dprxqgwldviwd prixvexwwtgidd h>#wkdw!v#wkuhh#whvw#fdvhwf$xf\Wkk hqg#sur
kdyh#vrph#h{shulhqfh#zlwk#Ilwl# pruh#vprrwko|l#

Wkh#gl<huhqgfh#ehwzhhqg#d#mrxuqgh|pdq#s#rjBinptocks#tomatd |i#Iw#khzv#yhu|#Moyb b eswk h #
pdvwhu/#iurp#p|#shuvshfwlyh/#I|v#wkdwdswkin thyaiwhelt a Bg|Esuldbevhhpv#wr#ph#wkdw#|rx#frxog#kdyh#
hdw#wkh#zkroh#vdodpl#dw#rqfhl#Qxpéwn#awdnh/# wéph#Eddgdplf#wkhuh/#zkhuh#phwkrgv#gliwpxow#yhu|/
viph#elj#wklqgj/#dgg#wkh|#sxw#Iw#Igwk#hvecldhwEHWRkddw rqv/#dgg#wkhq#|rx#kdyh#wr#vrwutdogjgwsr jhwkhu
vnloo =jxulqj#rxw#zkhuh#|rx#fdqg#volfh#lwl# ri#olwwoh#wlq|#EEOvIi}hg#phwkrgv/#dgyg#sxwdth#rxw#k

Wkh#vhfrqg#vnloo#lv#ehlqj#fuhdwlyhgtt erxw #hvekhogethgrh u #
zkIfk#|rx#frquxph#wkh#volfhv/#ehfdxvhdi #f#ptjkBeokilWkdw#zrxog#eh#edg#ehfdxvh#|i#|rx#BBg#H Wr#rsh
kdyh#wr#jr#ohiw#wr#uljkw/#exw#|rx#dvditwZhdopHhedyphw/#L#zrxog#dujxh#wkdw#ylrodmhh¥gsH f gkl rg#dw
[rx#kdyh#wr#zulwh#wkh#lqsxw#frgh#ewhh #whiéh|#x # dogptzawk dw !lv#qrwH#wkh#uljkw#zd | #wr#idfwru#lw#rxwl
rxwsxw#frghl$#L#vd|/##L#uhvshfwixbeykod#dpogdidiastockdtd #wklgn#zhluh#khdglgj#wkh#vdph#zd# wkdw#
vwuxfwxuh#lg#phpru|#dgg#zulwh#wkh #wkw swl$ # MatipAiwtrow # zk I fk#fxwwlgj#wkh#volfh#hivngdaddgdbulgr
L#fdg#gr#lgsxw#dqgg#wkhqg#rxwsxw/# rigsnawlsik w # drgpgstansktb @sdde other things.

Iflhave n#volfhv/#LlkidywrHudeoh#shupxwdwlrqvBeck#zZhoo/#wrgd|/#dgg#wkhq#L#vohhs#wmd#v/#dqg#L?
wkrvh#volfhv/#vrph#ri#zklIfk#grq!w#pdmhpd v h enkthitexuqlqj#dgg#jr/##Zk|#glgq!w#L#wkkguwor fhitw kd w B ;
ri#zklifk#grli#Vr#wkh#wzr#vnloov#ri#whh#pgduhwluwsturljgldzd|v#Ilgvwhdg#ri#xs#dqg#grzoi/#tébwduo|#Iw#zr
volflgj#wklqghu#volfhv#dqg#frqvighulogy#mgwhrEs hwphuw®#Vrphwklqj#derxw#zdonlqj#rxw#wkh#grru#rgiéldu
wkh#volfhv#dv#wkh#rughu#ri#lpsohphigiwdkw Vrigi # &ftelnedrhand getting in my car to go home—that was the

vnloov#hyhu#uhdfkhv#dqg|#nlqg#ri#dvdpgyd|wh 1#\triggerday the.
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The Coding Process y . . wkhuh!v#d#fhuwdlq#sduw#ri#ph:
Binstock#Vrph#|hduv#djr/#L#khdug#|rx#uhfrpphqg I m a blg bellev\ﬁrd\l/mkdv#d#qhz#dssuhfldwqu#

ghyhorshuv#duh#frglgj/#wkh|#vkrxo g #ahhisdipighs c gettlng ricd of textual ajv#oinn 4 e oxwidw
d#shqg#ehvigh#wkhp#dgg#zulwh#grzq#hwy#wkihdH f source mmb Surjudpplagjhere you can

pdnh#derxw#wkh#frgh#dv#wkh|luh#griqj#lwl# t d Cilsvdxdoott lg#wkh#frpphgqwv/#fd:
\rx#vxjjhvwhg#wkdw#zh#zrxog#doo#edgpswdu\ opera Ing Ire hgﬂ w#Iv#|rxluh#grlqj/#

ehu#ri#thqwulhv#zh#zrxog#pdnh/#dqgkawewdsy#i alDStract Synta)(rtr@@@mIqj#wr#gr/#dqg#zkdw#

shghg#zlwk#phl#Wkh#pruh#L#orrnh g #diLAas Kk pwh 7 ghflvlirqv#|rx!lyh#pdgh#derxw#lw
wrjhwkhu/#wkh#pruh#L#uhdol}hg#wkdqw##zrkhmﬁ/#qwh!xswlr Dfwxdoo|/#L#zrunhg#wkdw#zd|#
wkh#delolw|#wr#uhfrgvwuxfw#wkh#hdw#wLhEkdgtog#ylhz#wk zkloh#diwhu#khdulqj#|rxu#glvfx

ehiruh#wkh#lgwhuuxswlrq#rffxuuhg#ghlkghgdgepth#oviwgHg#eklvEsduwlfxodu#glvflsolghW#lzg# ¥ khosDd | v/ #
wr#uhphpehu#doo#ri#wkhvh#plfurghflwlhgwwkdwxlodyh#erwkhu#zd|v/#Iw#fuhdw h g #diboaw Hord oo vl & u 7
pdghl#Wkh#orqjhu#wkh#jds/#wkh#pruhgtgw? f&foqu klavgwit Biyr#edfn#dgg#sxoo#rxwH#ri#zwkh#fqop#awd 1 #Vr;
vxow#wkh#olvw#wr#jhw#wkrvh#plfurghflvirgv#edind#L#eurxjkw#lw#xs#zdv#mxvw#wr#doh # i ddu wikthludig # |
L'p#zrqghulqgj/#kdyh#|rxu#wkrxjkwv#rq#ush fruwit et k rv
plfurghflvirqv#hyroyhg#lq#dq|#zd|#lq#pkifk#|rx#BeoktZzkdw#L#=qg#zIwk#olwhudwh#surjudpw#lv#wkh|#
wkdw#olvw#xvhixo#udwkhu#wkdq#n{wuwiwihdy ogg # Ipvdilghvitdd q#rthu |#zhoo#ehfdxvh#wkhuh!v #ve lp x hikugf#x s o |
coding awareness? wkh#survh#dqg#gldjudpv#dgg#wkh#frgHW#Lg¥h#qghyhu
Beck#Qr/#qr/#lw#kdvqg!wl#Rgh#ri#wkh#wkviwtdqgowktyh#wihlmpv#ehiruh/#exw#wkdw!v#phd{rdf wa##uljkwl#Li
derxw#wklv IvEwkdw#L!Ip#kdylqj#phpru|#kdydothpvkdyjiwr#wkh#frgh/#qrw#rqo|#gr#L#kéyhghwidifgdqjh
wurxeoh#kroglqj#elj#frpsolfdwhg/#ru#fbdpg#vpdopbtgseatwkh#whvw/#exw#L#dovr#kdyh#wididkdgjh#wkhyv
lg#p|#khdgl#L#fdg#eh#d#sdluOsurjudpwhlgbduwjgdskmkdqg#wkrvh#wzr#gldjudpv/#dqghluskdlylvi##wr#uh
ehfdxvh#L#fdg#uho|#rqg#p|#sduwqhu!v#dpwligy# #egawghdygg#uhgghu#lw#lgwr#d#judskh#dfjldhlopwl & \Hr # 1w v #
grzq#dqgg#wu|lgj#wr#zulwh#d#elj#frpsdiftiwhgw# yrdugiwdlgdeohl#Li#|rx#kdg#frgh#wkdvd#ggdyhu|#vwd
not something | can do anymore. zdgwhg#wr#h{sodlg#lw/#wkhg#wkdw#goxd/gfd qa#tpwh# |
L#fdg#vwloo#surjudp/#wkrxjk/#rq#wkh#X@L [#rppdépgdoh#vhqvh#djdiql

ehfdxvh#L#fdg#vhh#wkh#zkroh#w k| gj\d#d soohvt o riBijistockiwad a frgyhuvdwlrg#zIlwk#Zdug#Fximqlqgjkdp

olghu#dqgg#L#fdg#exlog#lw/#olnh/#mm#wikphdgg#dwl#k#khi#wdonhg#derxw#sdlu#surjudpplqj#zlwk#|rx#pd
fdg#dffrpsolvk#surjudpplqgj#wdvnv/#exwididd#ghvguvgdjr#dqg#krz#vxusulvhg#kh#zdv#dHkx##iuhtxhgw
frghl#Lw!v#doo#rghOr<#frghv1#L#gldjd#&mar#ird #rxgayd#prixqog#frph#wr#d#ghflvirg#srigw#dqygfwkhkwrro#e]
vdlg/#exlog#d#vhuylfh#wr#gr#[/#wkdWwowHhstve &lggny lgd#hruzdug#zdv#e|#dvnlqj/##Zkdw#Istuwkbgh#psohvy
dih#lg#gl<huhgw#zd|v#dw#gl<huhqgw# wdwthw kitldvd gkl #q et fdg#gr#wkdw#zloo#jhw# x v # s dewl#wBIV#Isidiu w |
mxvw#qrw#vrphwklqgj#wkdw#L#fdq#|qg #dopgiogw o|jikwdobhdfw#zrun#iurp#wkh#vIipsohvw#sr# rhemdrin K| ggldte
dg|pruh/#zklfk#lv#iuxvwudwlgj#dv#khool dw#vrph#sriqw/#kdyh#wr#jr#edfn#dqgwrdiw k dw s #xvk hgijv
Binstock#Dv#L#wklgn#derxw#zkdw#|rx!luh#wdonlqjkdeh#irgdheaukidav# | rx#fdq#eh#surxg#ri#inddo vk fr
wklgn#derxw#p|#rzg#h<ruwv#wr#uhfrugwiwhvyh # pfilfwind wM#wkh#sureohpB#Krz#gr#|rx#edadkd g #¥B/&rvh
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Beck#Vxuhl#Vr#L#grq!w#jhw#sdlg#wr#e hwt/sizrix#y 1 Bedkith\#xagkMydtot wr#vd |/ ##Zhoo/#|hv/#L#grqty#nqrz#krz
zurwh#frgh#wkdw#zh!g#eh#surxg#ri#sunwtkeih#fg oghdl otz ewdhw I rqv$S#\rx#gr#nqrz1l#L#grq!wa$#nmbgzske md d p # L
Zh#frxog#pdnh#wkdw#wudghOr<#ehfdxvHfghh#kdggh®Br#lghfdggdw#suhwhqg#L!p#|rx1$
dgg#qgr#sd|lqj#fxvwrphuvl#

Exw#rg#d#uhjxodu#edviv/#li#L!p#qrw#exwps Fasting#fioday
hpsor|hu#lv#kdss|#zIlwk#wkh#uhvxoww#21hwi#dgBigstdcke#O hwiv#glvixvv#plfurvhuylfhvi#Lw#vhhpv#wr#
L#jhw#sdlg#wr#gr#lwl#Vr#wkhuh#dahdqwkbu# uhdhnwG=wurdw #rq#plfurvhuylfhv#zrxog#ehf#phg#dripls®Ifdw

Wkh#dgvzhu#lv#vxuh/#|rxluh#jriqj#wnbdnh#olfdo##risdw#vrph#vhuylfhv/#I1q#rugho#aur i g&gi wh ég / # 2
pl}hg#ghflvirqv#ehfdxvh#|rx#mxvw#grogo#Hwlhg#Hvsuhv/Fgfh#ri#d#zkroh#exqfk#ri#rwkhu##&djunhlhBy 1#Gr# |
[rx#gr#nqrz#vwx<#dqg#rgfh#|rx#ohduql¢wirg# | rBeck#iw#vhhpv#olnh#wkh#vdph#vhw#ri#wajdghOr<v#de
uhdol}h#wkh#ghvljg#vkrxog!yh#ehhq##8 tgrgthwikl wHtdqgtewjilfodvv#ru#orwv#ri#olwwoh#fodvvhvl
lgvwhdgl#Wkhq#|rx#kdyh#wr#ghflgh#zkhkih#kver Binsdockgiu |jkw/#h{fhsw#L#jxhvv/#khuh#|rx#KkdgH#wWr#x\y
uhwur=w#wkdw#lqvlijkw#lqgwr#|rxu#fxphlvegwrki# g hAcrWiprhvprinv#lg#rughu#wr#eh#de o h #iner|#zkWik¥s #d # v |\
dgg#vrphwlphv#|rx#grq!wl# you can test a given service.

Exw#L#grqlw#nqrz#zkdw#wkh#dowhupdwlyh# Backshusdhdjpuwhhl#Li#lw#lv#lq#dg#lpshékdaypl#vw|oh/
#Zhoo/#duhq!w#|rx#jriqj#wr#kdyh#wr#gr#uvhudhfwrvwBs$xxheéd#orw#ri#prinvli#Lg#d#ixqfwlfgbdogdefoh#zkh
zkdw!v#wkh#dowhuqdwlyhB## ghshqghqgflhv#duh#froohfwhg#wrjhwkhua®lol kkdlsq i # w

L#uhphpehu#L#jdyh#d#zrunvkrs#lq#Ghogpdun/wklyg#LL#gdgw#wklgn#wkdw!v#qghfhvvai v d vkl # #i [
d#gd|Oorqgqj#lpsdvvirghg#vshhfk#derxw# wh#ieh d xoevdrage raut of unit tests.
wlrgl#Dw#wkh#hqgg#ri#wkh#gd]|/#wk lg#fxg#kckgwe Bingtockw Wrgd [/ #wkh# X L#Iv#vr#pxfk#pruh#lpsruwdqw#y
iurqgw#urz#wkh#hqwluh#gd|#orrnlqj#dwdhp lgfa|# k #Hdd # bafruy Irxv#wIphl#Krz#glg#|rx#xqlwlsehwwitdolgv# | g #
wurxeohg#h{suhvvirqg zruvh/#dqgg#zruvh/#dqd#&ntdwvigldBE Zhuh#|rx#xviIqj#wklqjv#olnh#Illwfibdph#dqgg#rv
udlvhg#klv#kdqgg#mxvw#ehiruh#wkh#whphligzdv#xziuhyd#kh#zhuh#|rx#mxvw#h|hedool kj##HwkinAwne xow v #
#Zrxogq!w#lw#eh#hdvihu#wr#gr#|lw#B $jikwadigwirddeok#w Fothyhu#kdg#d#vdwlvidfwru|#dqvzihdM#Ohw#ph #
wr#kxj#klpl#L#vdIig/##ZIwk#doo#wkh#fgpfisoh/ ¥ [rlgwld#kdlyhwulhg#d#exqfk#ri#vwx<l#LAewlgys#ilgdphudwlr
Iw#zrxogl#L#grq!w#kdyh#dqg|#uhvsrgud$#rwkhu#wkdugwwm&dwxvhg#rwkhu#shrsoh!v#wrrow#zld¥wirlikg#gl<h
Binstock#Oryho|#txhvwlrg$ vxppdul}llqgj#zkdw#d#XL#orrnhg#olnh#|@#vzpd|#ivhvwOy
Beck#L#vdw#qgh{w#wr#Qlnodxv#ZIluwk#rq#dql#®ahlugrhntoiothirgildriked.
wr#wkh#djhqwl#L#wrog#klp#zh#zhuh#dgetkindjxhiveBiggteckx Wrgd|/#|rx!uh#suhww |#pxfk#lg#wkh#vdph#srv|
pryh#ph/#dgg#vr#L!p#olnh#d#vwdonhu #E#bqgqh\H gkigliw # | rxB
plggl#Li#|rx#jhw#d#fkdqgfh#wr#vIiw#qungk sy r#Q hvoBeck#Zhv/#L#kdyhqg!w#vhhg#dqg|wklgj#wkdw#ixqgdphgw
jrigj#wr#gr#lwl#Vr#zh#jrw#wr#wdop#gjéd Hdwmg WIGIGHkg#HKhv1i#Lwlv#doo#derxw#idovh#srivijowynhh¥d#gg#idov!
dgg#lqfuhphqwdo#ghvljg/#dqg#klv#uhvssoMitzd v/ Z&klddwWix #wkh#udwh#dw#zkIfk#|rxu#whwe REN O ¢ Qg H udwk
wkdw!v#doo#yhu|#zhoo#li#|rx#grq!w#myriwk dashvilhyhwuljwklqgj!lv#eurnhql#Wkdw#gdpdjhv# prkw B wwxY##1q:
Binstock#W kdw#vrxggv#olnh#wkh#w|sh#ri#wklgf# ZKumvk#whag#gghyg¢wkh#whvwlgj#iudphzrunvd|#vrphwkl
to say. zurqj/#dgg#hyhu|wklqj!lv#=qghB#Yhu|# rfikwhoy/nr# h #
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froru#yhu|#voljkwo|/# y . . éﬁtmlﬁé o#tkdyh#wr#jr#wkurxjk#d#qgxpehé#ri#lwhu
wkhg#wkh#whvwv#do If I m a Ilttle aC’tlvat q I wkdw#ehiruh#yluwxd o#gnMddH wi&llf#w xdoo
and you have to go through COdlng], then I'll listenwt@o#khos#ziwkswkn#irgiqja

rgh#dw#d#wlph#dqg#, Somethin Aﬂdt 1 ck#\hv/#Lip#d#elj#eholhyhu#lg#jhwwimpj#bhg#ri#wh {\

|hdk/#qr/#wklv#Iv#=q . r étgg#rshudwlqj#gIuhfwo|#rq#wkh\#dhhwb#ilt\##v|qV\
[rxtuh#qrw#jrlqj#wr#g go-to fort at IS Th ,ﬁ

h{shulphgwdo#frgh#hglwru#fdolé&hghIyxqh#zI\

very many times before Ta||r§he Lamentatlﬂnﬁljr#KludIl#Lw#orrnhg#olnh#d#bv@ﬁbvt#hg;#\dm##dqg#
[rx#tmxvw#eorz#r<#wk Of Jeremlah d#wh{w#hglwru#zrxog#uhqghu/#exw #¢ hutlfwx o qo | # g
BinstockThe cost is the rq#wkh#devwudfw#v|gwd{#wuhhv/#dqgwithkgadv#pxfk#)
orvw#wlph#dqg#wkh#m#wuwil pxfk#ohvv#huuruOsurqghl#Lw#uhtxluhdwildaruomhl& #frjql
Beck#\hv1 Wkdw#frqylqgfhg#ph#wkdw!v#wkh#zdyhg# LH#vghk  Bv¥#w xuf

nqrz#li#lw!lv#jriqj#wr#eh#lq#8#|hduw#zowad#dbddv/#e
Coding Environment jrigj#twr#eh#rshudwlqj#rq#v|qwd{#wuhhV#vrphwlph#vr

Binstock#Zkdw#grhv#|rxu#suhihuuhg#surjudpplqj#Biagtackg\nv/#ri#tdoo#wkh#wklgjv#wkdw#kdyh#kdqjhg#
phgw#orrn#olnh#wrgd|/#zkhwkhu#wkdw!v#krph#rusezzdag/#wkh#uhtxluhphqw#wkdw#zhgaadgg&frgh#dw#
Beck#Wkh#wklqgjv#L#gr#wkdw#orrn#olnh#surjudppsihghti#ddgryho#kdvg!w#uhdoo|#pryhg#iruzdug#yhu|#px
hqwluho|#rg#hlwkhu#XQL[#frppdgg#olgh#ru#lq#BeCksQr/#zhluh#frglqj#rq#sxqfk#fdugvi#L#dg#uhqghul

Binstock#Lqg#H{fhoB wrs#ri#wkh#rwkhu/#exw#lw!v#wkh#vdph#gdug#vwx<1
Beck#\hv/#ehfdxvh#L#fdg#vhh#hyhu|wklqgjl Binstock#Wkh#lglwldo#sodfh#ri#surjudpphu#dfwlylw]|#k
BinstockHow do you mean? hyroyhg#yhu|#pxfk#dw#dool#Ghvslwh#cHnN ¢ iy ghu

Beck#Vr/#olnh#wkh#wudqvirupdwlrqv/#L#gp#wkh#wgkhggdwsradakdw#vruw/#wkh#sk|vIfdogxd kg wloo#yl
wlrgv/#olnh#gxpehuv#wr#gxpehuv#rq#wkobphQ# [#fdpptgBHAh#odvwH#wklIqgj/#L#Enqrz#|rx!ulhr®dspewhiddql#¢
dqg#wkhqg#L#uhqgghu#wkhp#lgwr#slfwxuhv#xvlqj#djddiovthen you code?
Binstock#Zkhqg#|rx!uh#surjudpplgj#wklqjv#wkdw#dBeekgmni
uhodwhg#wr#gdwd#plglqj/#|rx#phgwlrjgkygd#wduo#BirSidCkwZkdw#nlqg#ri#pxvif#gr#|rx#=qg#wkdw#|rx#hqi
xvh#Vpdoowdon#iru#h{sorudwru|#wklqjvl coding to?
Beck#\hv/#wkh#dgydqwdjh#ri#Vpdoowdon#iru#phBackitgkph#Iw#wr#nlqg#ri#uhjxodwh# pil#lhighuj|#ohyh
ulthg#wkh#DSL#orqj#hqrxjk#djr#wk dwvw#i##ww doooottt 8 p hwtdiodh#dfwlydwhg/#wkhqg#L!oo#orlwwllgg##wr#vrphwk
wkrvh#ghwdlov1l Dagg#p|#jrOwr#iru#wkdw#|v# WThepdmeéntEtcboodiv ! #
Binstock# Gr#|rx#w|slfdoo|#zrun#zIwk#pxowlsoh#verbrhigivBtzk I fk#Iv#d#yhu|#>rzlqj#yrfdo#txduwhw#nlqg:
Beck#\hv/#wkh#pruh#sl{hov/#wkh#ehwWeimyl#Lw#zdyé&d#pwivdid# Li#L!p#d#olwwoh#orz#bsdgwkiqkhg#slfn
Sudwfkhww#trhwthvd |v/##Shrsoh#dvn#ph#zk|#L#KkdyN#nhd#Ewr#jrOjr#pxvif/#zkIfk#lv#dq#rgdrinh#HwH##Ex gn
viuhhgv#dwwdfkhg#wr#p|#Pdf/#dqg# Ilf dxwhiotol#tv k hpdivwlilg fveihg# G F 1
fdg!w#dwwdfk#hljkw#viuhhqv1$#Rfxoxyhurw%doph Bingtgek#R N1#L!yh#ghyhu#khdug#ri#twkdwl#
uhdolw|#Iv#Emxvw#jriqj#wr#eorz#wkbhekvx#vdgire #gv HBeEkdWka w!v#p |#xsslqj#pxvIfl

knows how. Binstock#Zrqghuixo$#W k dgarte|ax $ # .
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Mutation Testing: Automate
the Search for Imperfect Tests

Locate incorrect and incomplete unit tests with pitest.

Ifyou’vewritten any code in the last week, you've most likely wkh#whvw#vxiwhB#Zkdw#li#wkh#vdihaohBHWHKhdh#ixo
also written a unit test to go with it. You're not alone. These zdv#dovr#dqrwkhu#uhodwhg#sureohpl
gd|v/#lwlv#uduh#wr#=qg#d#frghedvhviiZAREpIWw#xqlw#DR¥wkh#whdp#phpehuv#fkdqgjhg#wkh#frgh/#wkh|#
ghyhorshuv#lgyhvw#d#orw#ri#wlph#id &k king#w hvohwWélegwwr#fkdgjh#wkh#whvwv1#VrphwlfpiruigiEh#whd)
grigj#d#jrrg#mreB whvwv#wr#pdnh#wkhp#fohdghul#VrphwelpthwsOvhvwyv#Kk

Wklv#txhvwlrg#ehjdqg#wr#wurxeoh#ph#kho/ihty #pked invatne| mays as functionality was moved arou nd the
L#zdv#zrunlqj#rg#d#odujh#ohjdf|#frgHéedo#dhuu# digcheedlay h1#Vr#hyhg#li#wkh#whvwv#z lgwhtHjwrgzzkd fak#w K h
ylfhv#frpsdq|l#Wkh#frgh#zdv#yhu|#gl?iwow&ww#arkum|#zIhuh#zulwwhq/#krz#frxog#wkh#wihdw#&h#vxuh#:
zdv#d#fruh#sduw#ri#wkh#exviqghvv#dquwaglyhveH § #ohuheti givurgxfhg#lgwr#whvwv#wkdw#zhuh#fkdqjhgB
updated to meet new requirements. For the production code, the team had tests to catc h mis-

A lot of my team’s time was spent trying to wrestle the wdnhv/#exw#krz#zhuh#plvwdnhv#I|q#wWwiB#WVIkv wetd #g h #
frgh#lgwr#pdlgwdlqgdeoh#vkdsh1#W Kkl v#pirglghw k Btlek#&wphdp #zulwh#whvwv#iru#wkh#wa kivvzB # b gl H w # z
ghuyrxv1#Wkh|#xqgghuvwrrg#wkdw#wkh #wdt d o # k dibettdahs eveatodlly need to write tests for the tes ts for the
ghhghg#wr#pdnh#fkdgjhv/#exw#li#wkh#dw b d i hghtestsg-aht then tests that tested the tests that tes ted the

frxog#eh#yhu|#frvwo|1#Wkh#exvlqhvv#@vaghudo b dgivwmgwtohk dw #w hvwh g # w k h #w h v w v Bkidwwitizg ooad sy g % g ;
wkdw#hyhu|wklqgj#zdv#jriqj#wr#eh#doo#uljkwl well ifit ever ended at all.

Wkh#frghedvh#kdg#d#orw#ri#whvwv 1#Xlydpuiwv x q drotiunptélyvtkére is an answer to these questions. Like
didn't need to examine them very closely to see tha t the tests many other teams, my team was using a code coverage tool to
zhuh#ri#tqr#ehwwhu#txdolw|#wkdq#w REAfr/ghethwichbl dwhooh#gr kh#eudqfk#fryhudjh#ri#wkh#whvwvil
wkh#whdp#phpehuv#fkdqgjhg#dq|#frgh/#vakhdtorwis \Ykindtirgh#fryhudjh#wrro#zrxog#whoo#zrigihk#elwyv#
rith<ruw#lq#lpsurylqj#wkh#h{lvwlqj#gjhohe#dqb¥leddivd zhuh#zhoo#whvwhgl#Li#whvwidzgivurh %V wdiqjhg/#

Ehfdxvh#p|#whdp#phpehuv#dozd|v#kdg#jh#g #hadh townakeeduie there was still as much code cover age as
wkh|#pdgh#d#fkdqgjh/#L#wrog#wkh#exwgharnutr|zgk avibdqriw#S ureohp#vroyhgl#Ru#zdv#I|lwB
li#d#exj#zhuh#lqwurgxfhg#zkloh#uhiwiweukpjd#wkh#Whohuh#zdv#rgh#vpdoo#sureohp#zIlwk#wha|lqj#rg#

catch it. The owners’ money was safe. dih#lg#wklv#zd|1#Lw#glgq!w#dfw x dy ov|klwg hbbetrw Wwht# w h
Exw#zkdw#li#L#zhuh#zurqjB#Zkdw # | i #wkhdwwidgihef theoccgpdd was tested, as | explain next.




fiunit 5 /

What's Wrong with Code Coverage? tistic go up. Fortunately, tests such
Wkh#sureohp#lv#looxvwudwhg#e|#vrywivi Ewikgghjdwklwlduh#hdv|#wr#=qg# |y on
zlwklg#wkh#frghl#Wdnh#d#frqwulyhgifodvv#vxf adatysid tods. ge {C
L#dovr#irxgg#whvwv#oln at CcO
class AClass {
private int count; @Test Sted .
public void testStuff() {
public void count(int i) { AClass ¢ = new AClass();
if (i >=10){ c.count(11);
count++; assert(c.currentCount() == 1);
} }
}
The programmer has used the  assert keyword instead of a
public void reset() { MXqglw#dvvhuwlrqgl#Xqohvv#wkh#wbawHdy#ubkg#zdwk #\
count = 0; wkh#frppdgg#olgh/#wkh#whvw#fdq#qhyghushdhwo/E# D jd I
} vxfk#dv#wklv#ifdg#eh#irxgg#zlwk#vlpbothubvohdv I f#dqd
Xqgiruwxqgdwho|/#wkhvh#zhuhg!w#wkh#ywhvwv#wkdw
public int currentCount() { whdp#sureohpvl#Wkh#pruh#wurxeolqj##fdakhv#orrnhg#
return count;
} @Test
} public void shouldStartWithEmptyCount() {

asserteEquals(0,testee.currentCount());
L#pljkw#=qg#d#whvw#wkdw#orrnhg#olnh#wklv= }

@Test @Test
public void testStuff() { public void shouldCountintegersAboveTen() {
AClass ¢ = new AClass(); testee.count(11);
c.count(11); assertEquals(1,testee.currentCount());
c.count(9); }
}
@Test

Wkliv#whvw#jlyhv#433#shufhqgw#olq h #ud/dtexeurdg pufrgoiwddhouldNotCountintegersBelowTen() {
grwklqj/#ehfdxvh#lw#frqwdlqv#qr#dvwhitiw{lh tpwt W kdstas ocount(9);
wkh#frgh/#exw#grhvqg!w#phdqglqjixoo |jfwipypw# kv 1#Wkde#Bauals(0,testee.currentCount());

who wrote this test either forgot to add assertions or wrote }

the test for the sole purpose of making a code cove rage sta-
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Wkhvh#whvwv#h{huflvh#erwk#eudqfkkhaebuirtw k h # B@tien overage with Mutation Testing
phwkrg#dgg#dvvhuw#wkh#ydoxhv#uhwiughgl#DRégbanmwwkhdtgvklgjv#L#Xxvhg#wr#gr# o avchwitigzrxlenollgQ# d # \
Iw#orrnv#olnh#wkhvh#duh#idluo|#¥%saltgepWwh#wv1tdEhwH#wzrun#e |#frpphqwlqgj#rxw#vrph#gi#Emwknafrgh#L

wasn't the tests the team had. It was the tests tha t the team implemented, or else I'd introduce a small change s uch as
didn't have. changing <=to < as in the earlier example. If | ran my test
Wkhuh#vkrxog#eh#d#whvw#wkdw#fkhfng#zkdand k disistfagly #thatknieant I'd made a mistake.
h{dfwo|#43#Iv#sdvvhg#lqg= Wklv#jdyh#ph#dq#lghdl#Zkdw#li#L#Kllg#d#wrro#w
wkhvh#fkdgjhv#dxwrpdwlfdoo|B#W kdw#zlivi# 2lddiwd Fig#v |

@Test wkdw#dgghg#exjv#wr#p|#frgh#dqg#wklh#zrxedg#Hw k h #w I

public void shouldNotCountintegersOfExcelty10() { nqrz#wkdw#dqg|#olgh#ri#frgh#iru#zkltkgtdidhetaj#ro#fuh
testee.count(10); exw#wkh#whvw#glgq!w#idlo#zdv#qry#sqgrzhura#whvwl
assertEquals(0,testee.currentCount()); fhuwdlg#zkhwkhu#p|#whvw#vxliwh#zdv#griqj#d#jrrg#n

} Like most good ideas, it turned out that | wasn't t he

—uvw#wr#kdyh#lwl#W kh #| g milbtakiahgéstingg -€-prid
Li#wklv#Ewhvw#grhvg!w#h{lvw/#d# e kf#tr&logesdf| glhngtweddorgt =uvw#lqyhqwhg#edfn#lqg#wkhdigiEe dhh#HW kh#wr

gxfhg/#vxfk#dv#wkh#rqgh#ehorz= researched extensively for 40 years, and the resear ch com-
munity had developed a terminology around it.
public void count(int i) { Wkh#gl<huhgw#w|shv#ri#fkdgjhv#L#pdgobHgtkdqg
if (i > 10) {// oops, missing the = mutation operators 1#Hdfk#rshudwru#lv#d#vpdoo/#vshfl=f#y
count++; change, such as changing >=to >, changing a 1 to a 0, or com-
} menting out a method call.
} Zkhg#d#pxwdwlrg#rshudwru#lv#dssolhg#wr#vrph#i
mutant #lv#fuhdwhgl#Zkhg#whvwv#duh#uxq#djdlqvw#d#
D#vpdoo#exj#olnh#wklv#frxog#kdyh# hroywsiivk h # esionlaf the wéde, if one of the tests fails, the mu tant was
thousands of dollars every day it was in production until the “killed.” If no tests fail, the mutant survived.
prphgw#wkdw#lw#zdv#qrwlfhg#dqgg#={hgl The academics examined the various types of muta-

Wklv#nlgg#ri#sureohp#fdqg!w#eh#irxqykvel|#vweid#dgldodwruv#wkdw#zhuh#srvvleohZ&ohehgrghdw#zKkl
plikw#eh#irxqg#e|#shhu#uhylhz/#exw#wk#hqmd]d&ilbgghviwpyh/#dgg#h{soruhg#krz#zhoo#wWwWwivihgbtvhv#wkd
wkhru|/#wkh#frgh#zrxog#qhyhu#eh#z hhwnw gt hwiwidbwhddww | =fldo#exjv#frxog#ghwhfwehulftda#exjvi# Wk
gulyhg#ghyhorsphgw#+WGG,#zhuh#xvh gp#ekw # WiGcedspréralgpuiomated mutation testing tools, inc luding
cally stop people from making mistakes. some for Java.

Vr#|rx#fdg!lw#uho|#rq#frgh#fryhudjh#wkadwiwr#wWohzir#kdyhqg!w#|rx#khdug#derxw#pxwdwhBy##whvw
frgh#kdv#ehhg#whvwhgl#Wkh|!uh#vid#odkivix|eizlepwtairg!wH#doo#ghyhorshuv#xvlqj#pxvodB Erigi#Hw B vawlay
gl<huhgw#sxusrvhl#Wkh|#whoo#|rx#zuhki#gelwv# wdbrigthdterxw#rqgh#sureohp#qrz#dqg#wdkwFuwkdl #d#0 hw
nitely not tested. You can use them to quickly see which code Wkh#=uvw#sureohp#lv#vwudljkwiruzdug#kpixwdwlr
gh=qlwho|#kdv#qr#vdihw |#qhw/#I|q#fd\h# #ixwlz | v kemputatiénally very expensive. In fact, it's so ex pensive that
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xgqwlo#533</#prvw#dfdghplf#u ’ . L#zrqghuhg#li#L#frxog#gr#ehwwhul#f#glh#hdg|#k

looked only at toy projects with less It S nOt pOSSIMQemed like it might help—it was code for runn ing

than a hundred lines of code. To tO perform whvwv#lg#sdudoohol#Lw#udq#whvdgykhy#g 4 vkidogw f

understand why it's so expensive, let's a mutatlon zkhg#vwdwh#wkdw#zdv#vwruhg#lqg#WwwhifW#f#gd#ldeohv

look at what a mutation testing tool teSt When O s changed, the running tests wouldn' interfere w ith each

needs to do. y khul#L#fdoohg#lw#Sdudooho#Lvrodwhg#Whvw#+ru:
Imagine you are performing have a falllng After many evenings of experimentation, | managed t o]

mutation tests on the Joda-Time testbecause gr#ehwwhul#P|#SLW#pxwdwlrg#whvw]lhi#8r/BEB#H xog#

oleudul|/#zklfk#lv#d#vpdoo#ol« - lrqv#lg#wkh#MrgdOWIph#oleudu |#kog#delr xw#wk L
kdqggolqgj#gdwhv#dqgg#wlphv1#)\ dOIng that W(Bmaw

kdv#derxw#9;/333#0lghv#ri#fr mIStakenly apfaealing Pitest

dedrxr:/vi:j/s3szzgq#hvh#;ri#wr;vwz to k||| an m@ﬂ?‘v/]r#ts#k#dlv#'nr;sw#;vdkh#lﬁledo;ﬁri::lﬁlﬁ##ﬂwlze#dﬁvh##ilu
wdnhv erxw vhirggv#wr that |t COVEI’QQ z/[#exw#Hlw!vH#Qqrz ovr#nqrzq v sKhwwhhgvaind/ gg#l\

frgh#dgg#derxw#49#vhfrqgv#w rthe world.

unit tests. ‘ It's used for academic research and for some exciti ng
Now, imagine that your mutation safety-critical projects, such as for testing the c ontrol sys-

whvw#wrro#lgwurgxfhv#d#exj#rqg#hyhu|# tems of the Large Hadron Collider at CERN. But main ly it is

vhyhqwk#olgh#ri#frghl#Vr#|rx!g#kdyh#dé& iHkdv# #3 U8k 3atteeip test the kind of nonsafety-critical co de that most

wliph#|rx#fkdgjh#d#fodvv#wr#lgwurgxgwidmegxp/ # | pbydlohshuv#surgxfh#hyhu |[#9d|1#Vr#kr Zignhe HAw #p d g
sloh#wkh#frghl#Shukdsv#wkdw#zrxogwWndwklidaw#® h g x hid#gadwhu#wkdg#wkh#hduolhu#v|vwhpB
zrxog#eh#43/333#vhfrqgv#ri#frpsliodwl!xdBE#wkin#wr#sdugw/#lw#frslhg#d#wulfn#iurp#Mxpegollgfkqvwhdag:
mutations (this is called the generation cost), which is more wzr#dqg#d#kdoi#krxuv#frpslolgj#vrxudfhgd=gh##slwhvw
than two and a half hours. You also need to run the test suite elwhfrgh#gluhfwo|l#WKklv#doorzv#lwhgv#rhghudwh#k)
iru#hdfk#pxwdqwl#Wkdw!v#493/333#vhrirlgigwkloawik#kwlggv#ri#pxwdqwv#Ig#vxevhfrqg#wliphl
7T7#krxuvi#Vr#shuiruplgj#pxwdwlrqg#whdOWdpi g # w k IBétvimagre importantly, it doesn't run all the tests against
oleudu|#zrxog#wdnh#doprvw#wzr#gd|vl each mutant. Instead, it runs only the tests that m ight kill a
Pdgl|#ri#wkh#hduo|#pxwdwlrg#whvwlqj#woisviHhpxwdggEEWr#nqrz#zklfk#Ewhvwv#wkrvh#prlyhw@&eh/#Ilw#
olnh#wklv#k|srwkhwlfdo#wrrol#\rx#vwj g%tk #Agel datal
wullgj#wr#vhoo#wrrov#Ewkdw#zrun#8&Vx hkndd wirk e #WwHRNIIgF =uvw#wklqj#slwhvw#grhv#lv#fréglliwd#o IghOfr

clearly not practical. for each test so that it knows which tests execute which lines
Zkhqg#L#ehfdph#lgwhuhvwhg#Ilqg#pxwdwmlhrq#dn#iwfgg/HL#EW kh #rqo | #whvwv#wkdw#frprydgmided|# nloo
wkh#dydlodeoh#rshq#vrxufh#wrrovl#dgkF#eghzw #thg briek that kxercise the line of code the mutatio nis on.

Mxpeohl#Lw!v#idvwhu#wkdqg#wkh#w peslod v ef i ¥ iRUAhiAQgRImY bther tests is a waste of time.
exw#lw#zdv#vwloo#txlwh#vorz1l#DqlgpVvwwikdawrwkhu#Bdwieww #wkhg#xvhv#khxulvwlfv#wr#¥hhdw#zki{k#
pdgh#lw#gl?fxow#wr#xvhl lgj#whvwv#wr#uxg#=uvwl#Li#d#pxwidpwifdg#e h#nlo
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slwhvw#xvxdoo|#=qgv#wkh Ohw!v#jr#wkurxjk#lw#vwhs#e|#vwhsl

in one or two attempts. The mOSt e eCtlVahreads>2</threads> tells pitest to use two threads
Wkh#eljjhvw#vshhgxs#I\y tlme tO performkhq#shuiruplqj#pxwdwlrq#whvwlqjl#P)«wdd/d)ra:ﬂ##whvwl

achieved when you have a mutant m utatlon teStS seﬂef well, so if you have more than two cores, it IS worth

wkdw#lv#qrw#h{huflvhg#e]; fuhdvigi#wkh#qgxpehu#ri#wkuhdgvl

- g
Zlwk#wkh#wudglwlrgdo#dss yOUf COde IS Whel‘t]myg edReports>false</timestampedReports>tells

you'd have to run the entire test erte the COde_sthvw#wr#jhqhudwh#lwv#uhsruwv#lq#d#:{hg#orfdwl
suite to determine that the mutant <mutators><value>STRONGER</value></mutatornsts
frxog#qrw#eh#nIoohgl#ZIth# pitest to use a larger set of mutation operators th an the
fryhudjhOedvhg#dssurdfk/#|rx#fdq# ghidxowl#WKklv#vhfwlrg#lv#frpphqwh g#ok#dlgaimk kb S
determine this instantly with almost no computation al cost. prphgwl#L!'oo#hqgdeoh#lw#d#olww d&mHodwshvondd g W #d ji# | 1

Olgh#fryhudjh#lghgqwl=hv#frgh#wkdw#livvwg h g ipiitwiith pdutptianttesting on your own project, | su ggest you
If there is no test coverage for the line of code w here a mutant dovr#vwlifn#ziwk#wkh#ghidxowv#dw#=uvwl
Iv#fuhdwhg/#wkhg#qrgh#ri#wkh#whwhev #Vde&o|km?or bW khdglwhvw#Pdyhqg#soxjlg#dvvxphv#wikadon#yriku#sui
Iwl#Slwhvw#fdq#pdun#wkh#pxwdqw # d/ginl g ptyd g | ¢ené edmnkarxaenvention of having a group ID that mat ches
further work. your package structure; that is, if your code lives in packages

named com.mycompany.myprojecit expects the group ID to

Using Pitest e hobm.mycompany.myprojecitf this is not the case, you might

Vhwwlqgj#xs#slwhvw#iru#|rxu#surmhiuwgll#E@Weéd kM #dgedhuuru#phvvdjh#vxfk#dv#wkh#iréoxagl#gs#e kiag#|rx

lgv#kdyh#ehhqg#exlow#iru#Hfolsvh#dygg#kgwhop M#LGHD/#

ally | prefer to add mutations from the command lin e using No mutations found. This probably means there is an issue

wkh#exlog#vfulswl#Vrph#yhu|#xvhiwowtd#dhf\With#ghertthe supplied classpath or filters.

vieoh#rqo|#lg#wklv#zd|/#dv#|rx!loo#vhh#Ig#d#prphgwl
L#qrupdoo|#xvh#Pdyhqg#dv#p|#exlog#Huwxit ql#te Gaogle athswgibsp name doesn't match the package struc-

also exist for Gradle and Ant. wxuh/#vr#L#dgghg#wklv#vhfwlrqg=
Vhwwlqj#xs#slwhvw#iru#Pdyhq#lv#vwydoj&kWwiruzdugl#L#x

elgg#siwhvw#wr#wkh#whvw#skdvh#x\litgst d# s ur = etatggtOldsges>

Wkhqg#slwhvw#fdg#eh#uxq#e|#dfwlydw#gjdswk h# s uspasdniszbm.google.common.truth*</param>

vkrzq#khuh= </targetClasses>

mvn -Ppitest test Note the * at the end of the package name.
Slwhvw#zrunv#dw#wkh#e|whfrgh#ohyefdqg#lv#fr

As an example, I've created a fork of the Google as sertion vxsso|lgj#jorev#wkdw#duh#pdwfkhg#d]jdil#gwwhiv k h #6644

oleudu|#Wuxwk#rq#JIlwKxe/#dqg#L#dodbg#shwiivwé#dggukilotl vvhv/i#qgrw#e |#vshfli|lqg]#wilbRsodhw v w F# var

fdg#vhh#wkh#uhohydqgw#vhfwlrq#ri#pwigh#HsiurS R Wis ssra bdmmgon point of confusion for people usin g it for

=0 héte . wkh#=uvw#wlphl .
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Dagrwkhu#frpprq#sureohp#zkhg#vhwwlqj4hsts pdmhwsikapwfohdg#xs#diwhu#wkhpvhoyhvi#zEkhg#wkh |4

=uvw#wlph#lv#wklvalptests dijhrot pass without e|#idu#twkh#ehvw#dssurdfk#lv#wr#dypkgwkaelgh¢j#vkdul

mutation when calculating line coverage. Mutation test- vwdwh#lq#|rxu#surjudp#lg#wkh#=uvw#sodfh1l

ing requires a green suite. Illgdoo|/#wkh#vhwxs#iru#xvIiqgj#wkh#lrfoh#Wuxwkj:
This message can occur if you have a failing test. It's not lgfoxghv#wklv#vhfwlrqg=

srvvlieoh#wr#shuirup#d#pxwdwlrg#whvwi#allonqi#rx#kdyh#d
whvw/#ehfdxvh#grigj#wkdw#zrxog#plv#d hdah | # dsexblddet@lasses>
dql|#pxwdqwv#wkdw#Iw#fryhuhgl#Vrphwwethwhki] #x ! oc<p&rdmy r #
message when all the tests pass when run normally w ith *AutoValue Expect_ ExpectationFailure
mvntest 1#Li#wklv#kdsshqv/#wkhuh#duh#d#ihz#srvdpamhtfdxvhvl
Slwhvw#wulhv#wr#sduvh#wkh#frq=jxwdww b #wdexckidédClasbes>
uxqgqhu#soxjlg#dqg#frgyhuw#wkh#frq=jogwuiiwhkdosvr#rswlr
slwhvw#xqghuvwdqgvl#+Vxuh=uh#lv#wghxsox#lginddwirgayxudwlrg#suhyhqwv#doo#fodvydhw#lokvh#qgdj
ghidxow#wr#uxq#xglw#whvwvl1#Riwhd#adi#fudgj eddieValuel Expect ExpectationFailure from having muta -
exw#vrphwlphv#whvwv#ghhg#vrph#vshfldé##angjuxldogwm#gHhghg#lqwr#wkhpl#Wkhvh#foddwihg#ey#Hh#dxwr
wr#zrun/#zklfk#pxvw#eh#vxssolhg#lg#wkh#srpl{pah#dhjoh#Wuxwk#exlog#vfulswl#Wikhruhi#lpdqr#ydox
Xqiruwxqdwho|/#slwhvw#fdqg!w#|hw# wleyhuw # dotatow lestithg om them, and any mutations that ar e created
w|shv#ri#Vxuh=uh#frg=jxudwlrgl#Li##xwwihy# vZuwhoog#eh#gl?fxow#wr#xqghuvwdqg#ehfdyhh#nkh#gr#q!
surshuwlhv#ru#frppdqggOolgh#dujxphqgwv#ehhgj# viowce tode.
wr#vshfli|#wkhp#djdlg#lq#wkh#slwhvw#frg=jxudwlrq3lwhvw#dovr#surylghv#rwkhu#zd|v#w#dakiqxgh#frg
Dgrwkhu#sureohp#wkdw!v#pruh#gl?fxow#wr#vesrwdWH#gOwhvwhgl#Ghwdlov#fdq#divhhmwéggleqgBwkh#
ghshqghqgflhv#lg#wkh#whvwv1#SlwhvyégppwgMvEu#whvwyv#p
lg#pdg|#gl<huhqw#vhtxhgfhv/#exw#|rx#makoedddnaesstanding the Pitest Report
idlov#li#fhuwdlg#rwkhu#whvwv#uxqg#ehiruh#lw1l Let's do a sample run and look at the result it gen erates. To
For example, if you have a test called FooTestthat sets ehjlg/#fkhfn#rxw#wkh#vrxufh#frgh#irusknton £ & dry o/H# W
d#vwdwlf#yduldeoh#Ilg#d#fodvv#wr#dowHuiw BE\dgG Edyxg#slwhvw#xviqj#Pdyhq=
called BarTest#wkdw#dvvxphv#wkdw#wkh#yduldeoh#lv#vhw#wr#wuxh/#
BarTest#zloo#sdvv#li#lw#|VvEbokesttediwshd 1 o # 10 # | w #inwi vBpatest test
diwhuzdugl#E|#ghidxow/#VXxuh=uh#uxmgwebw wv#lq#d#udqg
={hg#rughul#WKkh#rughu#fkdqjhv#zkhqgiogglextwtbww #kry¥dg#wdnh#derxw#93#vhfrggv#rqkihgBdyhqg#kdv1
you might never have run the tests in an order that reveals grzqordglgj#wkh#ghshqgghqflhv1#Diwhu#wlg#uxq/#|rx
wkh#ghshqghqf|l#Zkhq#slwhvw#uxqv#wksEwhxwi digakkWPrQ 4 u h s r u targetpitRepsrts  directory. For
plikw#uhyhdo#wkh#rughu#ghshqgghqf|#iru#wkh#=wkW#Wlpdwk#surmhfw/#|rx!oo#=qgeéweiargeti sruw # x gghyu

Test-order dependencies are very hard to spot. To a void pitReports .
them, you can make tests defensively set shared sta te on The pitest report looks very similar to the reports that
which they depend to the right value when they star t, and vwdquug#fryhudjh#wrrov#surgxfh/#emh\##H?w#lidquc.
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information. Each package is listed with its overal [ line cov- wkh#uhsruw=#d#olvw#ri#doo#wkh #w kv wdeéarkaqjw#zhuh
hudjh#dqgg#lwv#pxwdwlrg#vfiruh#vkrzg#vigh#e|#vhgdhl#pxwdqwv#lg#wklv#=oh#dqgg#krz#omrmn#WwdEk#ri#wk
\rx#fdg#guloo#grzq#lqwr#hdfk#vrxufaruroh #w ok diviDewh#wklv#Iv#Ed#olvwHri#dooxmiklythpxdwylvwl #qv 1
such as the one shown in ~ Figure.1 them, you'll see the name of the test that killed t he mutant.
Olgh#fryhudjh#lv#vkrzg#dv#eorfnv#ri#tiriohs#w k déadgle diyth was developed without using pitest or any
zlgwk#ri#twkh#sdjhl#Juhhq#lqglfdw h{\n# wW d g/# el [#odthdr #ieatibn testing tool and, on the whole, the team that
tests, and red indicates that it is not. ghyhorshg#lw#glg#d#yhu|#jrrg#mrel#BDwipuWwaAnrqg#wh
Wkh#gxpehu#ri#pxwdwlrqgv#fuhdwhg#rogghid f kK #0 #eh@lhngwnk# Ilv#qrw#hdv |[#wr#dfklhy RdauBxdk#e b o / # w K
ehwzhhg#wkh#olgh#qxpehu#dqg#wkh#fydhul#Hnk i #r x # Khe/inest interesting mutants are the ones that appe ar
gxpehu/#|rx!loo#jhw#d#ghvfulswlrqg#rikdwk# zZpuxvt warogw kvt juhhg#olghv#wkdw#lqglfdwh #e EhwvEzwuh#En¥h
created and their status. If all the mutants were k illed, the d#pxwdqw#zdv#qrw#fryhuhg#e|#d#whwgj#Wwk#w # v i # \
code is shown in darker green. If one or more of th em sur- survived and does not give any additional informati on com-
ylyhg/#wkh#frgh#zloo#eh#kljkoljkwhg#lq#uhgl pared to line coverage. But if a mutant was covered , you have
Wkhuhlv#dgglwlrgdo#xvhixo#lqirupdw l# qit#d w #serkéthiey W invgstigate.

Figure 1A report generated by pitest
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For example, take a look at

o | g h #aof PrimitivelntArray

@Test

Subject.java 1#SlIwhvw#fuhdwhg#d#pxwdqw#wkdw # kalbiowkid #siNotBqadld p#FailSame() {
ghvfulswlrqg=

removed call to com/google/common/truth/
PrimitivelntArraySubject::failWithRawMessage

try {
int[] same = array(2, 3);
assertThat(same).isNotEqualTo(same);
throw new Error("Expected to throw");

} catch (AssertionError e) {

"Wklv#phvvdjh#kdv#ehhq#zudsshg#gxh#aw# 1k w k #asguhaide)
—Ed1 #Zkdw#wklv#whoov#|rx#Iv#wkdw#s EHwhiohw# frp p hasMeggage/<(int[]) [2, 3]>" +
line of code that called this method.

As the name suggests, the purpose of
Messages to throw a RuntimeException. Google Truth is an

failWithRaw

"unexpectedly equal to [2, 3].");
}
}

dvvhuwlrg#oleudu|/#vr#rgh#ri#wkhadsgrAwklgfv#wkdw#|

throw an AssertionError when a condition is not met.
Let’s take a look at the tests that cover this clas
lowing test looks like it is intended to test this

@Test

public void isNotEqualTo_FailSame() {

try {

int[] same = array(2, 3);

assertThat(same).isNotEqualTo(same);

} catch (AssertionError €) {
assertThat(e)

.hasMessage("<(int[]) [2, 3]>" +
"unexpectedly equal to [2, 3].");

S. The fol -
functionality.

If this throw is added to the test, the mutant is killed.
Zkdw#hovh#fdqg#slwhvw#=qgB#Wkhuhpg#vgd#viplod
line 121 of PrimitiveDoubleArraySubject.java . Again, pitest
has removed a callto failWithRawMessage
However, if you take a look at the test, it does th row
an Error #zkhq#qgr#h{fhswlrg#lv#wkurzql#Vr#zkdw!v#jrlc
This is an equivalent mutant . Let's examine this category of
pxwdgwv#d#elw#pruhl

Equivalent Mutants
Hitxlydohgqw#pxwdgwv#duh#wkh#rwkhu#suwe&hg#lghqgw
academic research that | referred to in the introdu ction.
Vriphwlphv/#li#|rx#pdnh#d#fkdqgjh#wr#vrph#frgh/#|
grq'w#dfwxdoo|#fkdgjh#wkh#ehkdylrujhdw#rddel # W kh 4
IS logically equivalent to the original code. In su ch cases, itis
grw#srvvleoh#wr#zulwh#d#whvw# wiqpdwwitz w 8 wilkdd w#ir u;

Fdg#|rx#vsrw#wkh#plvwdnhB#Lw#I|v# ol hdMbwiymwiqliwedovr#idlo#iru#wkh#xqpxwdwhwhdl othl v q#ru w
fkhfnv#wkh#frgwhgw#ri#wkh#dvvhuwl#g#pghyidgh#dpsmw/¥lleoh#wr#dxwrpdwlfdoo|#ghwhuplgyhy¥lmglwkhu#d+#

tion is thrown, the test passes. Tests following th
normally include a callto  fail() . Because the exception the
Truth team expected is itself an
they followed in other tests is to throw an
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is pattern

AssertionError , the pattern

pxwdgw#lv#dqg#htxlydohgw#pxwdqw # r ufAiwhkiv#ng o adwmv #

case. This situation requires a human to examine th e code.

And that can take some time.
Wkhuh#lv#vrph#uhvhdufk#wkdw#vx)jh# &&# |w#wdnl

minutes on average to determine if a mutation is eq uivalent.




Vri#li#|rx#dsso|#pxwdwlrg#whvwlqgj#dwmhinkh dh g ¢ £ine@# sfuPrimitiveDoubleArraySubject.java , which you
have hundreds of surviving mutants, you might need to just examined, is an example of this last category. Let's take a
spend days assessing the surviving ones to see whet her they look at the full method.
were equivalent.

Wklv#zdv#vhhg#dv#d#pdmru#sureoh p#wnkidiv # pudliendahsNotBaual To(Object expectedArray
ehiruh#pxwdwlrg#whvwlqgj#frxog#eh#Kvhhyhg##udfwlfhl# | double tolerance) {
much of the early research into mutation testing ha d an double[] actual = getSubject();
xgvwdwhg#exlowOlqg#dvvxpswlrql#Lw#dvygxmwhy#w KW #pxwdw
lqj#zrxog#eh#dssolhg#dw#wkh#hqg#ritfh#gltyhors pdoghief|saxpected = (double[]) expectedArray;
dv#vrph#vruw#ri#vhsdudwh#TD#surfhvv1iPw g huq#if fagtal =spexpected) {
doesn't work like that. /l the mutation is to the line below

The experience of people failWithRawMessage(

using pitest is that equivalent The Only COde yO Uoss unexpectedly equal to %s."
pxwdqwv#duh#qrw#d#pdmr fjeed to perform , getDisplaySubject()
lem. In fact, they can sometimes m Uta.t|0n testl ng on Doubles.asList(expected));

eh#khosixol

Wkh#prvw#h<hfwlyh#wl |S COde that yOU V@pjal;l&&ngth I= actual.length) {

perform mutation tests on your W”tten or Change@rn //Unequal-length arrays are not equal.
code is when you write the code.

If you do this, you will need to ‘ L|st<|nteger> unequalindices =
rqo|#dvvhvv#d#vpdoo#qgxpehu#ri# new ArrayList<>();

vxuylylgj#pxwdqwv#dw#dq|#rgh#wlph/#egwd#/pr uh #bp Emuw O; | < expected.length; i++) {
[rx#zloo#eh#lq#d#srviwlrg#wr#dfw#réHdiddtpddaD vv hit gVgihUtil.equals( actualli]

viving mutant takes far less than the suggested ave rage , expected]i]
ri#48#plgxwhv/#ehfdxvh#wkh#frgh#dgg#lwklggtwhvwv#duh#i | tolerance)) {
your mind. unequalindices.add(i);
Zkhg#d#pxwdgw#lq#frgh#|rx#kdyh#mxvwi#zulwwhqg#vxuylyh
this will prompt you to do one of three things. }
¢ If the mutant is not equivalent, you will most like ly add if (unequalindices.isEmpty()) {
a test. failWithRawMessage(
o If the mutant is equivalent, you will often delete some code. "%s unexpectedly equal to %s."

Ragh#ri#wkh#prvw#frpprq#w|shv#ri#htxlyldetdw # p x w,dpptiDisplaySubject()
pxwdwlrg#lq#frgh#wkdw#grhv#qrw#ghhg#wr#eh#wkhDbubles.asList(expected));

< If the code is required, the equivalent mutation mi ght }
prompt you to examine what the code is doing and th e way } catch (ClassCastException ignored) {
it is implemented. /' Unequal since they are of different types.
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} try {
} double[] expected = (double[]) expectedArray;

if (areEqual(actual, expected, tolerance)) {
Slwhvw#kdv#pxwdwhg#d#phwkrg#fd o ootoy ¥ Hwh | v #frgdaiwWitgrlawMessage(

cuted after comparing two arrays with the ==operator. "%s unexpectedly equal to %s."
If the code does not throw an exception at this poi nt, it , getDisplaySubject()
will move on and perform a deep comparison of the a rrays. If , Doubles.asList(expected));
they are not equal, the code throws exactly the sam e excep- }
tion as if the == had returned true. } catch (ClassCastException ignored) {
Vrl#wklv#lv#ad#pxwdwlrqg#lq#frgh#wiudisthhu{inud v #¥ bobquist since they are of different types.
mance reasons. Its purpose is to avoid performing a more }

h{shqvlyh#ghhs#frpsdulvrql#D#odujh#ghmenntu#rihhtxlydo
pxwdgwv#idoo#lgwr#wklv#fdwhjru|>##dohw#rughardwhaglhghg
wr#d#frqfhuq#wkdw#lv#qrw#whvwdeoh#yld#xqlw#mwikate bdolean areEqual(double[] actual
Wkh#=zuvw#txhvwilrg#wklv#udlvhv#Iv#zudnkhu#wkh#ehkdydtouble[] expected
wkliv#phwkrg#vkrxog#eh#wkh#vdph#zkhqdtywh|dg#lwkh#vdph# , double tolerance) {
Iw#lv#zkhg#jlyhg#wzr#gl<huhqgw#duudfrvgiehy i k h # fathial#== expected) return true;
Pl#ylhz#Iv#wkdw#Iw#vkrxog#qrwl#Lh#waddp#xviqj#dg#dvy
oleudu|#dqgg#L#whoo#lw#wkdw# L # w{rstteflwshi x d# d# uid(pxgerted#ength = actual.length)
dgg#wkhqg#L#sdvv#lw#wkh#vdph#duudiw 2 Khih#toHzeiwoy faksq;
iru#wkh#phvvdjh#wr#whoo#ph#wklv/#5hlugkid dvw b4 tvdgglq)#

is the same array)” to the end of the failure messag e. return compareArrayContents(actual
Exw#shukdsv#L#dp#zurqjl#Pd|eh#wkh#eiwidydru#lv#ehwwh expected
zd|#lw#lvi#Li#wkh#ehkdylru#uhpdlqvdigutkehsodrpn/# z k d w # f , tolerance);

wr#pdnh#wkh#htxlydohqw#pxwdwlrg#jr#dzd|B }
| don't like the  isNotEqualTo method. It has two respon-

vielolwlhvli#Lw#lv#uhvsrgvleoh#iru#iupls thud g|w d#Nod/) th# equivalent mutant goes away. The mutant ha S
dqg#lw#lv#uhvsrqvlieoh#iru#wkurzlqj#sd vivhw i q v grokaptgdime to refactor the code into something cle aner.
two equal arrays. Zkdw#lv#pruh/#L#fdg#qrz#doveatebguzwmethadto z #

Zkdw#kdsshqv#li#wkrvh#wzr#frqfhuqv#doh#vihhoudwhgedglfdwh#orjlf#hovhzkhuh#lgtdekduvldoxdvv/#w
gl<huhgw#phwkrgv#e|#grlqgj#vrphwklqgj#olnh#wk|wgthe amount of code.
Xqiruwxgdwho|/#qgrw#doo#htxlydohqwdppywadgwv#fd

public void isNotEqualTo(Object expectedArray e|#uhOh{suhvviqgj#wkh#frghl#Li#L#xqfrg#hidwkWwkh#wh
, double tolerance) { frg=jxudwlrq#wkdw#hqgdeohv#slwhvw!w#wdw kg # u # vbw;
double[] actual = getSubject(); operators and rerun the test, I'll get a mutant in the new

areEqual method. .
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removed conditional - The only code you need to perform mutation testing on

replaced equality check with false is code that you've just written or changed. Even i f your code-
edvh#frgwdlqv#ploolrgv#ri#olqghv#rnhfoghw # dwsd rkxigto |
Slwhvw#kdv#fkdgjhg#wkh#phwkrg#wr#wklv= frgh#fkdgjh#zloo#d<hfw#pruh#wkdq#d#kdqggixo#ri#fo
Slwhvw#pdnhv#lw#hdv|#wr#zrun#lqg#wkav#zd|#e|#l|
private boolean areEqual(double[] actual with version control systems. This functionality is currently
, double[] expected dydlodeoh#rqo|#zkhg#xviqj#wkh#Pdyhqg#soxjlql
, double tolerance) { Li#|rx#kdyh#fruuhfwo|#frq=jxuhg#wkh#vwdqggdug#
if (false) return true; // mutated yhuvirg#frgwuro#lqirupdwlrq#lq#|rxu# §R@Gd®h/#|rx#f
o|}h#mxvw#|rxu#orfdoo|#prgl=hg#frgomMulatiohs lwhvw !
if (expected.length != actual.length) Coveragegoal.
return false; Wkliv#jrdo#kdv#ehhq#erxqg#pitéstrlobat s uin=o h #

wkh#Jrrjoh#Wuxwk#SRP=4#
return compareArrayContents(actual

, expected mvn -Ppitest-local test
, tolerance);
} If you haven't made any changes to the checked-out code,
this goal will run the tests and then stop. If you have made
| can't refactor the equivalent mutant away without losing the fkdqjhv/#lw#zloo#dqgdo|}h#rqo|#wkh#fhédphfdegohs 1L#F
shuirupdqfh#rswlipl}dwlirql now to try it out.
Vr#qgrw#doo#htxlydohqgqw#pxwdqgwv#duhdikhsixo/#ekiw#dgayrdfk#jlyhv#|rx#mxvw#wkh#ldigepgdwlrqg#|
less common than the research suggests. Lv#wkh#frgh#|rx!luh#fxuuhqwo|#zrunl S bwiz\hw & Hdghitv \

Slwhvw#lv#ghviljghg#wr#pdnh#htxlydo lodwhp)éd dguaethdivhwg# xs#vr#Ewkdw#d#frqw | g xwhid givinf#dd e r g 4
dv#srvvlieoh=#xvilqj#wkh#ghidxow#vhog#nltdpvedwlad bf pld# mxvw#wkh#odvw#frpplwl

never encounter one. How many you see depends on th e type But what if you want a complete picture of how good the
of code you are writing and your coding style. whvwv#duh#iru#d#zkroh#surmhfwB

Eventually, you will hit a limit for how large a pr oject you
What About Really Big Projects? can do mutation testing for unless you are willing to wait for

Qrgh#ri#wkh#h{dpsoh#surmhfwv#L!yhdwtkodvirdgehdadoy#kr¥uv/#exw#slwhvw#grhv#surylgh#dgwhgshulphg

kxjhl#Lv#lw#srvvlieoh#wr#xvh#pxwdhlvd oop# #wdly w | g jetpuph thatdimit further.
surmhfwB#\hv1l Jr#edfn#wr#wkh#Jrrjoh#Wuxwk#surm hfwhkid# g# uxq:

Dv#L#kdyh#glvixvvhg/#e|#idu#wkh#pr#w#h#hifvoloriz#qjd| #w
mutation testing is to run tests as you are develop ing code.
Zkhg#|rx#xvh#lw#lg#wklv#zd|/#surmhdwinigb# gumegEDwWighHistory -Ppitest test
project such as Truth, it is simplest to mutate the entire proj-
hfw#hdfk#wlph/#exw#|rx#grg!w#ghhg#wr#gr#wklvQrwklqgj#zloo#vhhp#yhu |#g|<huhqw#iurpr\#tzé<miq#hr]x.
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Li#|rx#uxqg#wkdw#frppdqg#djdlq/#krzhyhwuk#Hvg#v I

just a few seconds.

The withHistory #>dj#whoov#slwhvw#wr#vwruh#|lc

derxw#hdfk#uxg#dgg#xvh#lw#wr#rswlLlih#iwlkh i
example, a class and the tests that cover it have n ot changed,
there is no need to rerun the analysis on that clas S. There are

pdg|#viplodu#rswlpl}dwlrqgv#wkdw#fdq#ked#sikih
run history.
Wklv#ixqgfwlrgdolw|#lv#vwloo#Iqg#wkHHEdws
xvhg#iurp#wkh#vwduw#ri#d#surm h fvw#lngw lkurbx ©
frghedvh#wr#eh#dqdo|}hg#qr#pdwwhu#Krz#odu

Conclusion

| hope I've convinced you that mutation testing is a powerful
dgg#sudfwlfdo#whfkqgltxhl#Lw#kh os e kwdg#ow
helps you to write cleaner code.

Exw#L#zdgw#wr#=qlvk#zIlwk#d#zrug#rog#zdu
testing does not guarantee that you will have good tests. It
can only guarantee that you have strong tests. By s trong, |

phdg#whvwv#wkdw#idlo#zkhqg#lpsruwd#divgalikd
changes. But this is only half the picture. Itis e qually impor-
wdqw#wkdw#d#whvw#qrw#id|o#zk h giawnkddhavedpkdos

details of the implementation are changed. </article>

Henry Cole@0hjc) is a software engineer based in Edir
Scotland, where he runs the local JUG. He has been w
ware professionally for almost 20 years, most of it in Ja|
has produced many open source tools including pitest 4
source bodkva for Small Teams

Mutation testing on Wikipedia
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FEATURED JAVA SPECIFICATION REQUEST

Wkh#uhfhgwo|#hvwdeolvkhg#Mdyd#D §I#iru#MVRQ# ¢
+MVRQOS,#vshfl=fdwlrq#gh=ghv#d#vwdigppgdug#DSL#i
dqg#jhqghudwlqj#MVRQ#gdwd1#WKklv#vwiHqqgdug#zdv#
explained with detailed examples in our July/August
issue (sdjh#pM4#Dowkrxjk#wkhuh#duh#pxowlsoh#MVRQ#
Ipsohphgwdwlrqv/#wkh#ehgh=w#ri#MV a0 v#wk dw
exqgohg#lg#wkh#xsfrplqj#Mdyd#HH# #whahde B> #1q#
eh#wkh#gh=qhg#vwdqggdug#iru#MVRQ#sduvliqgjl
MVU#69:#sursrvhv#wr#vwdggdugl}lh#d#zd|#wr#frec
MVRQ#Iqwr#Mdyd#remhfwv#dqgg#ylfh#yhuvdl#Dv#su
MVRQOE#zloo#ohyhudjh#MVRQOS#dqgg#sturylgh#d#fr
od|hu#deryh#lwl#Wkh#=qdo#gh=qlwl¥#zybo¥#Irqg#ri#l
dovr#eh#d#sduw#ri#twkh#Mdyd#HH#AuBUhwh#@dvh#dqgg/t
MVRQOS/#zloo#eh#wkh#gh=ghg#vwdqgd#g#elqglqj#o
frgyhuwlqgj#Mdyd#remhfwv#wr#dqgg#iurp#MVRQ#phvv
Wklv#MVU#sursrvhv#d#ghidxow#pdsslqgj#dojrulwk
frgyhuwlqgj#h{lvwlqj#Mdyd#fodvvhv#wd#MWVWRQL1L#Wkrv
pdsslqjv#fdg#wkhg#eh#fxvwrpl}hg#wkurxjk#wkh#xvh
Mdyd#dqqrwdwlrgvl#MVRQOE#zloo#elh#tiwvlixo#wr#rw
vxfk#dv#MD[OUV1#
Ehfdxvh#wkh#MVU#Iv#vr#idu#dorqj#lg#lwv#=qdo
surfhvv/#d#SGIl#grfxphgw#ri#wkhreleadelll =fdwlrq
hduolhu#wklv#|hdu#lv#dydlodeoh#irw#ggqz#iordgl#Lqg
dg#hohjdqw# zwithrifarmation on getting started
dgqg#rwkhu#uhvrxufhv#lv#dydlodeohl#Bv#surplvhg#l
article referenced earlier, Java Magazine will soon
fryhu#wklv#hphujlqj#vwdqgdugl#Exw#MWUGH wkhaq/#

resources should prove useful.
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Implementing Design Patterns

with Lambdas

Astute use of lambdas can greatly reduce the complexity of impésrdarding s
URMAESLdIng patterns.

New language features often make existing code patte rns
or idioms less popular. For example, the introducti on

of the for-each loop in Java 5 replaced many uses o f explicit
iterators because it's less error-prone and more co ncise. The
introduction of the diamond operator, <> in Java 7 reduced the
use of explicit generics at instance creation (and slowly pushed

Java programmers toward embracing type inference). In this
article, we examine how lambdas can reduce the code needed
to implement several programming patterns. To follo w along,

you'll need a basic familiarity with lambdas.

D#vshfl=f#fodvv#ri#sdww hdesigr#datteris o DHey #

are a reusable blueprint, if you will, for a common
when designing software. It's a bit like how constr
engineers have a set of reusable solutions to const

problem
uction
ruct bridges

a more concise way using lambda expressions. In thi S section,
we explore design patterns:

o Strategy

e Template method

e Observer

2 Factory

We show how lambda expressions can provide an alter native
way to solve the same problem for which each of the se design
patterns is intended.

Strategy Pattern

The strategy pattern is a common solution for repre senting a
family of algorithms and letting you choose among t hem at
runtime. You can apply this pattern to a multitude of scenar-

iru#vshfl=f#vfhqdulrv#+vxfk#dv#vxvshqk#equdguhgfhvitvxfk#dv#ydolgdwlqj#dg#lqgsxw#zHwikdd ¢ ki g g w # f u

and so on). For example, the visitor design pattern IS a com-
mon solution for separating an algorithm from a str ucture
on which it needs to operate. Another pattern, the singleton
pattern, is a common solution to restrict the insta ntiation of a

class to only one object.
Lambda expressions provide yet another new tool in the

programmer’s toolbox. They can provide alternative solutions
to the problems the design patterns are tackling bu t often
with less work and in a simpler way. Many existing object-
oriented design patterns can be made redundant or w ritten in

NOVEMBER/DECEMBER 2016

gl<huhgw#zd|v#ri#sduvlqj/#ru#irupdwwlgj#dg#lgsxwl

The strategy pattern consists of three parts, as il lustrated
in Figure.1
These parts are:
° An interface to represent some algorithm (the inter face
Strategy )
2 One or more concrete implementations of that interf ace
to represent multiple algorithms (the concrete clas ses

ConcreteStrategyA and ConcreteStrategyB)
2 One or more clients that use the strategy objects




’ public class Validator{
o private final ValidationStrategy strategy;

public Validator(ValidationStrategy v){
this.strategy =v;

Figure IThe strategy design pattern

}
Let's say you'd like to validate whether text input is public boolean validate(String s){
surshuo|#irupdwwhg#iru#gl<huhqw#fudWwhitiivd# +iru# hrgtlprs strategy.execute(s);
consists of only lowercase letters or is numeric). You start }
e|#gh=qlqj#dg#lgwhuidfh#wr#ydolgdwhgwhg#dwn#fiw#+uhsuh
a String ):
Wkhqg#zlwk#wklv#frgh/#wkh#=uvw#dlgel ptke h#uhwxuqv#
public interface ValidationStrategy { second one true :
boolean execute(String S);

} Validator v1 =

new Validator(new IsNumeric());
Vhfrgg/#|rx#gh=qgh#rqh#ru#pruh#lpsohphgwdwlrqg3ystemidut.printin(vl.validate("aaaa"));
that interface:

Validator v2 =
public class IsAllLowerCase new Validator(new IsAllLowerCase());
implements ValidationStrategy { System.out.printin(v2.validate("bbbb"));
public boolean execute(String s){
return s.matches("[a-z]+"); You should recognize that  ValidationStrategy is a functional
} interface. This means that instead of declaring new classes to
} Ipsohphgw#gl<huhqw#vwudwhjlhv/#|rx#hdgéBdvv#odpe

sions directly, which are more concise:
public class IsNumeric

implements ValidationStrategy { // with lambdas
public boolean execute(String s){ Validator v3 =
return s.matches("\\d+"); new Validator((String s) ->
} s.matches("\\d+"));
} System.out.printin(v3.validate("aaaa"));

\rx#fdg#wkhg#xvh#wkhvh#gl<huhqgw# yho# gt | r g #ahdatbw v =
your program: new Validator((String s) ->
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s.matches("[a-z]+")); abstract void makeCustomerHappy(Customer c);

System.out.printin(v4.validate("bbbb")); }
As you can see, lambda expressions remove the boile rplate The processCustomemethod provides a sketch for the
code inherent in the strategy design pattern. If yo u think online banking algorithm: fetch the customer given his or
about it, lambda expressions encapsulate a piece of code (or khu#LG#dgg#wkhg#pdnh#wkh#fxvwrph u#kddsfk|iv#Hs | < hu
strategy), which is what the strategy design patter n was cre- fdg#qrz#surylgh#gl<huhqw#lpsohphgwdwkirg# #ri#wkh#
ated for, so we recommend that you use lambda expre ssions makeCustomerHapjby subclassing the OnlineBanking class.
instead for similar problems. You can tackle the same problem (creating an outlin e of
an algorithm and letting implementers plug in some parts)

Template Method Pattern xvigj#|rxu#idyrulwh#odpegdvli#Wkh#gl<h#hewktrdsrql
The template method design pattern is a common solu tion algorithms you want to plug in can be represented b y lambda
when you need to represent the outline of an algori thm and expressions or method references.
kdyh#wkh#dgglwlrgdo#>h{lelolw|#wr#fld ¢ yh# i b # d Hpkeswe introduce a second argument to the method
In other words, the template method pattern is usef ul when processCustomerof type Consumer<Customebecause it
|[rx#=qg#|rxuvhoi#lq#d#viwxdwlrqg#vr#k# & vkl Wonatchdsiive signature of the method makeCustomerHappy
algorithm but | need to change a few lines so it do es what gh=qhg#hduolhu=
| want.

Let’s look at an example of how this pattern works. public void processCustomer(
Say you need to write a simple online banking appli cation. int id, Consumer<Customer> makeCustomerHappy){
Users typically enter a customer ID, and then the a pplica- Customer ¢ = Database.getCustomerWithld(id);
tion fetches the customer’s details from the bank d atabase makeCustomerHappy.accept(c);

dgg#=qdoo|#grhv#vrphwklqgj#wr#pdnh#wkb#fxvwiphu#kdss
Gl<huhqgw#rqolgh#edqgnlgj#dssolfdwlrqd#iru#gl<huhqw#e
lgj#eudqfkhv#pd|#kdyh#gl<huhqgw#zd|v#wirphdi q \Md#fdkg#qrz#soxj#lg#gl<huhqw#ehkdylkuxwgluhfwo|#z
happy (for example, adding a bonus on the account o r just subclassing the OnlineBanking class by passing lambda
sending less paperwork). You can write the followin g abstract expressions:
class to represent the online banking application:
new OnlineBankingLambda().processCustomer(1337,
abstract class OnlineBanking { (Customer c) -> System.out.printin(
"Hello " + c.getName());
public void processCustomer(int id){
Customer c = Database.getCustomerWithld(id); This is another example of how lambda expressions ¢ an help
makeCustomerHappy(c); you remove the boilerplate inherent in design patte rns!
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Observer Pattern \rx#fdqg#qrz#tghfoduh#gl<huhqw#revhukbbu#+khuh/#wl

The observer design pattern is a common solution wh en ghzvsdshuv,#wkdw#surgxfh#d#gl<huhqwgydfuwH gau#iru# h
an object (called the  subject) needs to automatically notify keyword contained in a tweet:

a list of other objects (called observers) that some event has

occurred (for example, a state change). You typical ly come class NYTimes implements Observer{

across this pattern when working with GUI applicati ons. You public void notify(String tweet) {

register a set of observers on a GUI component such asa if(tweet != null && tweet.contains("money")){

exwwrql#Li#wkh#exwwrq#lv#folfnhg#fgwkh=thre# huy hsSystedudut.printin
dgg#fdq#h{hfxwh#d#vshfl=f#dfwlrql#Edw#wkh#revh'Bydakihg news in NY!" + tweet);

tern isn't limited to GUIs. For example, the observ er design }

pattern is also suitable in a situation where sever al traders }

(observers) might wish to react to the change of pri ce ofa }

stock (subject). Figure lustrates the UML diagram of the class Guardian implements Observer{
observer pattern. public void notify(String tweet) {

Let’s write some code to see how the observer patte rn if(tweet != null && tweet.contains("queen”)){
is useful in practice. You'll design and implement a custom- System.out.printin(
IYhg#qgrwl=fdwlrq#v|vwhp#iru#dq#dssoiivdwllr#Wdkimh # WNzdt more news in London... " + tweet);
concept is simple: several newspaper agencies ( The New York }

Times, The Guardian, and Le Monde) are subscribed to a feed of }
ghzv#wzhhwv#dqg#pd|#zdgw#wr#uhfhlyhd#iwghWwipfdwlirq#l
contains a particular keyword. class LeMonde implements Observer{

First, you need an Observer interface that groups the public void notify(String tweet) {
gl<huhgw#revhuyhuvl#Lw#kdv#mxvwtityh#phwkr g #f{theethg #ull && tweet.contains("wine")){
that will be called by the subject ( Feed when a new tweet is System.out.printin(
available: "Today cheese, wine, and news! " + tweet);

}
interface Observer { }
void notify(String tweet); }
}

\rxluh#vwloo#plvviqgj#wkh#fuxfldo#sduw=l#wgh#gkemh
an interface for it:

interface Subject{
S void registerObserver(Observer 0);
) void notifyObservers(String tweet);

Figure 2T he observer design pattern } .
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The subject can register a new observer using the register
Observer method and notify his observers of a tweet with th
notifyObservers method. Let's go ahead and implement the
Feedclass:

class Feed implements Subject{

private final List<Observer> observers =
new ArrayList<>();

public void registerObserver(Observer o) {

this.observers.add(0);

public void notifyObservers(String tweet) {
observers.forEach(o -> o.notify(tweet));

}
}
It's a pretty straightforward implementation: the f eed keeps
an internal list of observers that it can then noti fy when a
tweet arrives. You can now create a demo applicatio n to wire

together the subject and observers:

Feed f = new Feed();
f.registerObserver(new NYTimes());
f.registerObserver(new Guardian());
f.registerObserver(new LeMonde());
f.notifyObservers(
"The queen said her favourite book " +
"Is Java 8 in Action!");

Unsurprisingly,  The Guardian will pick up this tweet!

You might be wondering how lambda expressions are
useful with the observer design pattern. Notice tha t the
gl<huhqgw#fodvvhv#lpsohp®hserggrmekface are
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all providing implementation for a single method: notify .

They're all just wrapping a piece of behavior to ex ecute when
d#wzhhw#duulyhv1#Odpegd#h{suhvvlrdV#didmgHhvljqgh
to remove that boilerplate. Instead of instantiatin g three

observer objects explicitly, you can pass a lambda expression

directly to represent the behavior to execute:

f.registerObserver((String tweet) -> {
if(tweet !'= null && tweet.contains("money")){
System.out.printin(
"Breaking news in NY! " + tweet);

}
h;

f.registerObserver((String tweet) -> {
if(tweet !'= null && tweet.contains("queen™)){
System.out.printin(
"Yet more news from London... " + tweet);

}
h;

Should you use lambda expressions all the time? The answer

IS no. In the example we described, lambda expressi ons work

great because the behavior to execute is simple, so they're
khosixo#wr#uhpryh#erlohusodwh#frghawExdj#eklE#revrl
pruh#frpsoh{=#wkh|#frxog#kdyh#vwdw Ip/fFghkrggt#vhyhu
and the like. In those situations, you should stick with classes.

Factory Pattern
The factory design pattern lets you create objects without
exposing the instantiation logic to the client. For example, let's
say you're working for a bank and it needs a way of creating
gl<huhqw#=qdqgfldo#surgxfwv=#ordqv/g§g#yg#HLwrf Rl
Typically youd create a  Factory class with a method
wkdw!v#uhvsrqvlieoh#iru#wkh#fuhdwlhrowvi#dhvthuhgw#|
shown here:




public class ProductFactory { map.put("stock"”, Stock::new);

public static Product createProduct(String name){ map.put("bond", Bond::new);
switch(name){ }
case "loan": return new Loan();
case "stock": return new Stock(); You can now use this Mapgtwr#lqgvwdgwldwh#gl<huhgqw#surgxf
case "bond": return new Bond(); just as you did with the factory design pattern:
default: throw new RuntimeException(
"No such product " + name); public static Product createProduct(String name){
} Supplier<Product> p = map.get(name);
} if(p != null) return p.get();
} throw new lllegalArgumentException(

"No such product " + name);
Here, Loan Stock, and Bondare all subtypes of Product. The }
createProduct #phwkrg#frxog#kdyh#dgglwlrqdo#orjlf#wr#frq=j
xuh#hdfk#fuhdwhg#surgxfwl#Exw#w kxi#fedoophorw # Thig v kjdite # heat way to make use of the Java 8 features

create these objects without exposing the construct or and wr#dfklhyh#wkh#vdph#lgwhqgw#dv#w kihéwdfwmkr v # s dw w |
wkh#frq=jxudwlrg#wr#wkh#folhqw/#zkldk# pagirh # #teckigtieudoesn't scale very well if the factory me thod
products simpler for the client: createProduct needs to take multiple arguments to pass on
wr#wkh#surgxfw#frqvwuxfwruv1l#\rx!gd#dyhHwmhrgsarylg
Product p = ProductFactory.createProduct("loan"); functional interface than a simple Supplier .
These examples make clear that lambdas can be used
In lambda expressions, you can refer to constructor S just like iIn many situations in which you might not normally think
you refer to methods, by using method references. F or exam- of applying them. Getting in the habit of using lam bdas,
ple, here’s how to refer to the Loanconstructor: however, will make your code shorter, clearer, and easier

to write.  </article>
Supplier<Product> loanSupplier = Loan::new;

Loan loan = loanSupplier.get(); This article is adapted from an excerpt oflthal®wkAction
by Raoul-Gabriel Urma, Mario Fusco, and Alan Mycroft. Used
Using this technique, you could rewrite the previou s code by with permission.

creating a Majthat maps a product name to its constructor:

final static Map<String, Supplier<Product>> map =
new HashMap<>();

static { The original “Gang of Four” book on design patterns
map.put(“loan”, Loan::new);
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Contribute to Java by
Adopting a JSR

How you can build your developer skills by contributing to Java standards
VERBURG

&

I he Adopt-a-JSR program  was designed by Oracle “to
encourage JUG members, individuals, corporations and

rwkhu#rujdgl}dwlrqv#wr#jhw#lqyroyh gt rigt d y d # Eshriiehvied in Adopt-a-JSR have gone on to become

Requests (JSRs).” It lets Java developers be involve din the
development of the Java platform, via the standards body. In
this article, | explain what Adopt-a-JSR is, the go als of the
program, and how you can get involved.

What Is Adopt-a-JSR?

Adopt-a-JSR is focused on getting Java developers i nvolved
with emerging Java standards as early as possible. Individual
developers, Java user groups, and organizations are all eligible

and welcome to join.

The Java standards covered by JSRs determine what g oes
into Java SE, Java EE, and Java ME. For example, Pr  oject Jigsaw,
which provides a modularization platform for Java S E,is

This program enhances a Java developer’s technical,

social, and strategic skills and credentials. Many develop-
authors,
speakers, and leaders in various projects and organ izations.

Regarding the work itself, Java developers who adop ta
JSR are often involved in activities such as
° Requirements gathering
e Vshfl=fdwlrg#ghvljq
o Reference implementation work
° Technology compatibility kit work
If you'd like to help Java continue to be the leadi
and platform choice for software engineers, then th
great place to start.

Many potential contributors are reluctant to partic ipate
in a JSR because they're not experts. But JSSRs shou Id be seen
more as special interest groups (SIGs) on a particul ar topic, in

ng language
isis a

gh=qhg#A888B761#Iru#Mdyd#HH/#wkh#Vhuyohw#713zkskhfwwkdwprgpte huv#ixo=o0o0#d#zlgh#yddéihhwh|givi#gl<hu

is determined in  JSR 369

Why Participate in Adopt-a-JSR?

The main reason for this program is to ensure that the emerg -
ing standards for the Java ecosystem are technicall y sound,
relevant, usable, accessible, and free from intelle ctual property
entanglements. With an estimated 10 million develop ers using
PHOTOGRAPH BY BOB ADLER Java, this kind of attention to emerging standards IS important.
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have an
some time.

Many of the tasks listed above require you only to
interest in the topic and the willingness to spend
They're not reserved for domain experts.

Get Started

To get started, join the community at
links on that portal for signing up for the IRC cha
ing lists, and so forth. The next step is to pick a

Adopt-a-JSR . There are
nnel, mail-
n active JSSR




that you and your colleagues are ’ Q ejizethe JSR through social media, blogging, and
If you've wonderg ¥ oW

personally interested in and pas-

sionate about. You can then post Java. S E, Java %qgaﬁlﬂdays” and meetups to work with, or tes t out,
your interest to the ~ Adopt-a-JSR J ava M E]a[b de the JSR

mailing list , where you will get . Q Tﬁs#wuIdjh#dq#lvvxh#lq#wkh#lvvxh\#wmfd/\ﬂ‘ykhw\/l#dqg
dgylfh#rg#krz#wr#mrliqg#wk and WISh you WQ ntribute to discussions on the mailing list
JSR you're interested in and how able td"lﬂip, e Khos#exlog#wkh#uhihuhqfh#Ipsohphqwafmm#ru#whf

best to contribute. Ad 0] pt_ a_J S R |S 'Ha]iéity kit.

Zkhqg#|rx#mrlg#wkh#r?1 I See the Adopt-a-JSR page for more details on how you can get
JSR mailing list and project, you p ace to Start involved, including some Keynote and PowerPoint pre senta-
zloo#w]|slfdoo|#frqwd fw—#w‘ SHiI— tions you can give to your local JUG or organization
cation leads and the expert group
and ask them for tasks that need Conclusion
to be worked on. These could be If you've wondered how Java SE, Java EE, and Java M E are
something as small as helping out with social media aware- gh=qghg#dgg#zlvk#|rx#zhuh#deoh#wr#kOMV 8w khigy#D g1
ness or as involved as writing JUnit tests for the technology the place to start. It's great for your career and will help mil-
compatibility kit. It will vary depending on what s tage the JSR lions of your fellow Java developers around the wor Id. In the
is in at the time. next issue of Java Magazine, | will have a similar article on
Similar to participating in any good open source pr oject, contributing to OpenJDK via the Adopt OpenJDK progr am,
|[rx#vkrxog#dozd|v#wu|#wr#frruglgdwhk# rwk#oeduakttkAwdv#d#vshfl=f#irfxv#rqitMeby d#VH1#
in the program who have adopted the JSR as well as the spec-
I=fdwirq#ohdgv#dqg#wkh#h{shuw#jurxs1l Martijn Verburg a Java Champion and the cofounder and CEO
Building an online presence for your work is import ant as of jClarity, a startup focused on the next generation of lightweig
well. It's helpful to have a wiki page for your wor k on the JSR. intelligent performance analysis products. He is al¢wauthor of
(The London JUG's page is a good example.) Your wiki page Well-Grounded Java Dev@\gening, 2012) with Ben Evans,
should explain what you're aiming to do and link to related and is deeply involved in getting Java developers to participate
material and help for other volunteers. It also hel ps to spread the development of the Java ecosystem.
visibility within your local JUG or organization thr ough mail-
ing lists and social media.
The Adopt-a-JSR community can help you with this, a s

Iw#r<huv#krvwlqj#iru#zinl#sdjhv/#d#8 wyKbhe# ku v
code work, and more.

Once you are up and running, there are a lot of ong oing _ _
tasks that you can do to make a meaningful contribu tion. An overview of the JSR universe
Khuh!v#d#vdpsoh#olvw= A tme line showing the status of currently active JSRs
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Getting Started with Agile Java
Development in the Cloud

Avoid endless setup with Oracle Developer Cloud Service'Ssihteégratedeploy, code review,

SHMELTZERnd project management tools.

Many development teams are looking for a development Service and how it can facilitate adoption of agile develop-

process that will accelerate delivery of applicatio ns ment while cutting the cost and time associated wit h setting

and new features. Some of these teams are adopting an agile and integrating these tools.

development methodology to help them achieve these goals.

Much has already been written about how to bring ag ility to Getting Started

teams, so in this article | focus on using tools th at help man - Oracle Developer Cloud Service is included in the f ree trial

age and control both code and the development team in the and licensed versions of many Oracle cloud platform services

cloud as an integral part of adopting agility. such as Oracle Java Cloud Service (used for deployi ng Java EE
Dv#|rxu#whdp#pryhv#wr#djloh#ghyhors# hqw/&jpsx aod@racdeApplication Container Cloud (used f or run-

there is a vast array of tools that help with imple menting ning Java SE loads and Node.JS apps). If you wantt o follow

agility. These tools include utilities that help ma nage a team’s along with this article, get a trial of either of those services.

work, including issue trackers, agile management da shboards

and reports, live team activity streams, and wikis. There are PI‘OViSiOI‘IiI’lg a Platform

also tools to help manage the code lifecycle throug h version Zkhqg#|rx#=uvw#orj#lg#wr#Rudfoh#GhyHarghu#Forxg#

management, build servers, continuous integration e ngines, you'll see a list of the projects you have access t 0 as a team

and deployment platforms. member as well as projects that are marked as publi c in your
One of the challenges for an organization moving in to cloud instance.

agile development is the need to get all of these u tilities A project is the base environment for the team. It

provisioned and integrated in a way that delivers a cohesive includes an issue-tracking system and a wiki, one o r more

development and management platform. Add in the cos t and Git repositories, a peer code-review system, and bu ild and

time involved in maintaining the servers and softwa re, and deployment processes.

you have a bottleneck to agile adoption. To provision a project, click the project creation button
Luckily, cloud-based platforms are emerging that he Ip and use the simple three-step wizard, with which yo u spec-

with these challenges by easily provisioning integr ated plat- ify a name for your project, a template, and a wiki markup

forms. In this article, | focus on Oracle Developer Cloud choice. The project can be private or public. .
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Rafh#|rx#=qlvk#zlwk#wkh#zl|l}dug/#Rudfod# G hyhOns=hyod Eade has been uploaded, you can browse it

Service provisions your environment in about one mi nute. from the Code tab in your web browser.
This is one of the great things about a cloud envir onment— You can now continue using your preferred Git inter action
a setup process that used to take days if not weeks and pattern to manage your code, including creating bra nches, tag-
involved setting up servers, installing software, a nd hooking ging, and so on. Note that the Code tab also enable S you to view
up the various components can make those resources avail- changes in your code in a visual way, comparing rev isions.
able almost immediately.

Once your project is provisioned, you'll have a ful | envi- Conducting Code Reviews
ronment that includes Are you ready to merge changes from one branch into another?
o Git repository You can submit a merge request and specify individu al mem-
Q Issue-tracking system bers of your team that should review your code befo re it gets
o Wiki into the application.
o Code review system These members will get an email notifying them of t he
¢ Continuous integration server and Maven repository review request, and they can use a browser to see t he changes
° Team activity stream Irx#pdgh#dqg#frpphgqw#rq#vshfl=f#olqhkiguie)flrgh#+vh
The next step is to add the rest of the team member s to the Your back-and-forth discussion can be tracked onlin e by
project and specify their roles. Members in a team can other reviewers, too. Once your branch is ready, yo u can
include developers, quality assurance (QA), documen tation, use the browser merge button to merge your code int 0 your
and operations people, as well as any stakeholder w ho is part target branch.

of the agile team.
Dv#dg#dgplglvwudwru/#|rx#fdq#dovr#ixuwkhAtramatingBuilds
surmhfw#zlwk#vshfl=f#ydoxhv#iru# ydtl Mxx#® | vw THd il tab in Oracle Developer Cloud Service let s you

tracking system and agile plan - gh=gh#ydulrxv#exlog#vwhsv#iru#|rxu#suhmhd dd &hr##f
ning steps, as well as creating You can use G @ Ant for Java-based builds, and if you are also doing
and mapping code repositories. Scrlpt/Node JS coding, then you can add npm, Gu Ip,
You can also integrate with Maven or Ant f??t nt and Bower steps to your build process.
external systems via web hooks. \]ava based bL” )(ecutlon orchestration, and scheduling of builds are
anag |f you are atmntda@l gotlmlzed version of Hudson. You can
Managing Code JavaScri t/NOdénqu#emogv#wr#uxq#dw#vshfl—f#wlpun#u#nmmbef\dmwu
You might want to start by another build, or even automatically when a chan geis
uploading your current code into COClng t en OUpga{KRhg#lqwr#d#vshfl:f#eudqfk#ri#ru(lll#JIw#uhsrvl
the Git repository. You can use adc N pm G U p G/rsmzm'bf your build, you can run tests of the bac k end
regular Git command lines or any in nit), the front end (using Selenium), and the code
v Gt comman and Bower steps'to

IDE with Git integration to con- é of your application (using FindBugs).
nect to the Git repository using your bu | Id proces Facle Developer Cloud Service integration of popul ar

either HTTPS or SSH. ‘ build and testing frameworks makes it simple for yo ur devel- .
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opment team to adopt it as a platform for managing your \rx#fdg#wlh#wkh#ghsor|phqgw#vwh s#wsrhtfk i vxffh

build automation, leveraging the knowledge you alre ady pos- builds, enabling you to automate the full process f rom code

sess in these frameworks. check-in through compile, package, and test all the way to
having a running version of the code in minutes.

Streamline Deployment Deployment can be done to multiple servers so, for

The Deploy tab in Oracle Developer Cloud Service co mpletes example, you can manage deployment to a development

the code lifecycle by allowing you to push your cod e into instance and a QA instance separately from the deplo yment

the runtime environment. Whether you're using Oracl e Java to the production instance.

Cloud Service (think of it as WebLogic in the cloud ) or Oracle

Application Container Cloud (on which you can run'y our Java Tracking Your To-Do List

VH#dssv#dqg#vhuyhuv,/#|rx#fdqg#gh=qgh# Yk s wli o Dewie Bemetoper Cloud Service also provides a plat form for

will deploy your code into the runtime environment. managing your tasks/issues and your teamwork. The | ssues

Figure Inline commenting on code changes as part of code review
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wde#r<huv#dqg#hdv|#zd|#iru#whdp#phpea#dvxnrdavests astheyloccur. Whether a new Git branch got a commit,

such as defects, features, and tasks that need to b e addressed. a build failed, or a new task was updated, the acti vity stream
Issues can be associated with dynamic lists of appl ication allows you to keep current with what's going on wit h the rest
features, releases, sprints, and so forth—all custo mizable by of the team.
the project administrator.

You can create subissues to track more-complex task s IDE Integration
with various dependencies. Each task can also be as sociated So far, | have focused on the web-based interfaces for inter-
with an estimate of time it will take to complete o r with an acting with Oracle Developer Cloud Service. But giv en that
djloh#srlgwOudgnlgj#vfruhl#\rx#fdq#doei#wdwwlygdevslbgers spend much of their day inside their dev elopment
wr#vshfl=f#whdp#phpehuvl hgylurgphgw/#Rudfoh#kdv#dgghg#lgwhjsilufd+rq#ihdwxt

cally for the service into NetBeans, Eclipse, and J Developer.

Managing Agile Sprints From all three IDEs, developers are able to browse
Oracle Developer Cloud Service can help you manage your Rudfohlv#forxg#vhuylfhv#wr#=qg#w kff hu# st khH tivv # d ¢
ghyhorsphgw#vsulqgwv1l#Gh=qgh#d#qhz#we&lfk# # d ¢y #epbsitogest In addition, developers can see t he tasks in
tasks from your backlog are going to be addressed i n the wkh#v|vwhp/#lgfoxglgj#wkh#vshfl=f#wd\gig#Hwkdw#dul
sprint with a simple drag and drop. them. They can open the tasks and update them from the IDE

Then you can create boards that will show you live infor- as well.
mation about the status of each task and the load o n each Rgh#ehgh=w#ri#wklv#lqwhjudwlrq#!|v#iwkidadw##r g h #f
team member as the sprint progresses. Using the Rep orts tab, are being committed to the Git repository can be as sociated
you'll be able to see your progress trend toward th e comple- zlwk#vshfl=f#wdvnv#wkdw#ghyhorshuvé¢kddWw#grunlq)#1
tion of the tasks in the current sprints. a deeper connection between the issue-tracking syst em and

And based on your results in previous sprints, the service the code revision system.
will alert you if you're trying to address too many issues that
require too much time (or have a high agile point c ount). This Conclusion
helps prevent you from missing your deadlines. Oracle Developer Cloud Service integrates software utilities

that will help teams manage both their software and their

Team Communication team assignments. With nothing to install, fast pro visioning,
Team communication is crucial for a successful agil e devel- and deep IDE integration, Oracle Developer Cloud Se rvice
opment process, and Oracle Developer Cloud Service aims to removes barriers to adopting agile development, res ulting in
help here, too. Wikis allow team members to share k nowl- faster delivery of better applications. </article>
edge, including design documents, coding practices, specs,
and any other information that can help team member s Shay Shmeltzé@jdevshay) is the director of product manage-
understand and complete their tasks. ment for Oracle Cloud Development Tools and Frameworks.

To keep you up to date with what is happening in th e
project, the activity stream on the projects home p age lists
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Quiz Yourself

Would you eveews nally clause with a try-with-resources? Explore this and
other subtle questions from an author of the Java certi cation tests.

ROBERTS ch again, I've composed more problems that simulat e d. An exception at line n1

uestions from the  1Z0-809 Programmer |l exam , which e. An exception at line n2
IlvEwkh#fhuwl=fdwlrg#whvw#iru#ghyh dsthflwHezlkr#kdyh#eh
=hg#dw#d#edvIf#ohyho#ri#Mdyd#;#surjutdmpd 4 j# nQuesti@n Zsiven this code:
qrz#duh#orrnlqgj#wr#ghprgvwudwh#pruhOdglyd#fh gGoidcionwbtring> coll = new ArrayList<>();
AUhdghuv#orrnlgj#iru#edvIf#lqgvwuxfwbng# wlkido@ Wdatgadd("Fred"); coll.add("Jim"); coll.add("Sheila");
wr#Mdyd#froxpq/#zklfk#dsshduv#I|qBdys ugualy v xh 1System.out.printin("coll is " + coll);

these questions can require careful deduction to ob tain the coll.remove(0); // line n1
uljkw#dqgvzhul System.out.printin("coll is " + coll);
Question &iven the following code: What is the resultRkrrvh#rgh1
ResourceBundle properties = ResourceBundle.getBundle( a. collis [Fred, Jim, Sheila]
"scratch.ConfigData", Locale.FRANCE); // line nl1 coll is [Jim, Sheila]
b. coll is [Fred, Jim, Sheila]
System.out.printin( coll is [Fred, Jim, Sheila]
properties.getString("help")); // line n2 c. Frpslodwlrq#idlov#dw#olgh#qg4l

d. Dg#h{fhswlilrq#lv#wkurzq#dw#olgh#q41l
Dgg#d#gluhfwru|#dq geratth{@onfigbata.properties

located on the CLASSPA®Hhe running program, which Question 3Jlyhg#wkdw#wkh#fxuuhqw#zrunlqgj#gluhfwru|;
contains the following text: surjudp#lv#hpsw|/#dgg#jlyhg#wklv#frgh#iudjphgw=
file=File

edit=Edit Path p = Paths.get("a", "b", "cee"); // line n1

help=Help System.out.printin(p.endsWith(Paths.get("b", "cee")));

System.out.printin(p.endsWith(Paths.get("ee")));
What is the resultRkrrvh#rgh1
a. help What is the resultRkrrvh#rqh1
b. Help a. true

c. Aide true .
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Il X this /

b. true b. three
false two
c. false one
true c. three
d. false one
false two
e. An exception at line nl1 d. two
one
Question 4ziven the following code: three
class MyResource implements AutoCloseable { e. The words one two, and three are all output, but the
private String name, rughu#lv#qrw#ghwhuplghgl
public MyResource(String name) {
this.name = name; Question Sziven this code:
} class MyJobException extends Exception {}
@Override class Job implements Callable<String> {
public void close() { public String call() throws MyJobException {// line n1
System.out.printin(name); return "Done";
} }
} }
public class ResourceHog { public class Jobs {
public static void main(String[] args) { public static void main(String[] args) {
try (MyResource one = new MyResource("one"); ExecutorService es =
MyResource two = new MyResource("two")) { Executors.newFixedThreadPool(3);
} finally { Future<String> handle = es.submit(new Job());
System.out.printin("three"); try {
} String rv = handle.get();
} }// line n2
} catch (InterruptedException ex) {
ex.printStackTrace();
What is the result?Fkrrvh#rqgh1 }// line n3
a. one }
two }
three
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Which is true® krrvh#rqgh1l English to French and come up with Aide /$##Mdyd#xvhv#wkh#nh

a. Wkh#frgh#frpslohv#vxffhvvixoo|l lgvwhdg#ri#d#ydoxh#li#wkh#ydoxh#dwal#xnhxdais#dqgg
b. The code compiles if the  throws clause at line nl is ohvv#shuihfwo|#dssursuldwh#uhvrxuf§#oxviki Gk h # d
ghohwhg1l wklv#viwxdwlrq#lv#wkh#wklug#ri#wkélvihwe &M Idof v h v
c. The code compiles if catch (Exception e){} is added uhvrxufh#=oh#lw#fdqg#=qg/#hyhq#li#dkawH=ohi|v#wk
Ipphgldwho|#diwhu#olgh#qg51 Khuh/#wkh#rqo|#=oh#wkdw#h{lvwv#UWAwkh#ghidxo
d. The code compilesif catch (MyJobException e){} is =oh/#exw#Mdyd#wdnhv#vhyhudo#w gkhw ile/i# DH# vhww
dgghg#lpphgldwho|#diwhu#olgh#q61 orfdoh#lv#pdgh#ri#vhyhudo#sduwvdifbdovo#nvdpgsoli|#wl
e. The code compiles if catch (Exception e){} is added e|#frqvighulqj#wzr#pdlg#sduwv=#wkh##dqgjxdjh#dqg#
Ipphgldwho|#diwhu#o0olgh#q61 uhjlrql#Lq#wk LogdidARANCEefers to the French

odgjxdjh#dv#vsrnhq#lqg#ludqgfh/#zkIfik BRI rghg#dv#
Given this data, the = ResourceBundlemechanism tries to
=qg#wkhvh#=o0hv#Corfiiglphas ##FR.properties and
ConfigData_fr.properties 1
Qrwlilfh#wkdw#wkh#=ohqdphv#duh#frqvwuxfwhg#iu
sduwv=#wkh#edvh#exGodigBatd pthikthtu h,/#wkhqg#wkh #
“ orfdohOghulyhg#sduw/#dqg#wkhgprodenties { wig vIirqg# +
Vwulfwo|#vshdnlqj/#vhyhudo#pruh#ojkdwa#eydduldwlrqv#
Question W kh#fruuhfw#dgvzhu#lv#rswlrq#E1#WKkIvikthxmhwgigknk#pruhOvshfl=f#lqgirupdwlrq/eww#wkh#fro
uhdoo|#dvnlqj#zkdw#kdsshqv#zkhqg#|rxévu [#wi#dd#lookdwudwhg#zhoo#hqrxjk#khuh lvilicgtaowki#oihg# fk #
exqgoh#iru#d#orfdoh/#exw#wkhuh#|vaxdréiobh#ykdangjwydz loo#lg#wklv#Eh{dpsoh,/#wkh#xwhldu#k#Iv#uhsh
sduwlfxodu#orfdohl wkh#v|vwhp!v#ghidxow#orfdoh#+zklfk#whHkeWw#ru#pljkw
Zkhqg#|rx#ghsor|#dq#lqwhuqgdwlrqdol}hgédssofff BR | te/ad#wkIv#fdvh/#|rx#grgq!w#nqrz#zkliwkhu#wkhu
wu|#wr#surylgh#uhvrxufh#=ohv#iru#dbldEw|lkk#orfitahg#m#gghidxow#orfdoh/#dqgg#Ilw#grhi#ewtpdvmwhu#dq
h{shfw#|rxu#vriwzduh#wr#eh#xvhg/#ddhg#skhkdsvgdi¥#gh#=oh#h{lvwvi#Vr#wkh#vhfrg¢#Dhadbhik#idlov/?
xsgdwhv#dw#lgwhuydov#dv#|rx#=qg#fkdwkpphwi # W kdw z#wkh#v|vwhp#idoov#edfn#wr#viidaoik#gjohil# #wkt
wkdw#|rx#glgg!w#ruljlgdoo|#vxssruw##gKnrjahyhiu / #lofigRhata.properties 1 #
were to throw an exception when it is used in an un expected Wkh#h<hfw#ri#wklv#lv#iwkdw#wkh#vhdufk#=qgv#w
orfdoh/#wkdw#zrxog#eh#suhww |#kpuwketivk diwdvadgddiddedmh#pdwfkl#Li#|rx#kdg#d#=o0hfkdgivghidwhg#wr#
wkurzlgj#dg#h{fhswlrg#lvq!'w#jriqgj#wr#eruld#jrrghehktdg#ludgfh/#lw#zrxog#eh#irxqgl#ie#wEkdw hwip ndv |
Lgghhg/#wkhuhl!v#qr#fkhfnhg#h{fhswlrg#aihg##rxd#wodhwdol}hg#luhgfkOodgjxdjh#=oh/#wdW# zrxog#eh
wkh#=oh#lq#wkh#=uvw#sodfh#+dw#orqlkg# wikh#dige®d|rede#lviwkh#fdvh#zI|lwk#wk|whplvdd oq//#wkh#v
sduwlfxodu#ydoxh#+dw#olgh#q5,1#Rqidnwedetegoyddfhaegmridivkh#qrqvshfl=f#yhuvirq/#zkIF&T#d gk ¥ #fdv
rswlrg#H#duh#lgfruuhfwl Hgjolvkl#E|#wkh#zd|/#wklv#qrgqvshfl=##¢hluhd#qg#kidV#:
Li#qgr#h{fhswlrq#lv#wkurzqg/#vrph#wh ku#pxvwiamb,whetvis # Wase bundle 1
wkuhh#uhpdIqIqj#rswquv#dprxqw#wr#valaucj]##lmwy##\nmmmh#lv#d#idIoxuh#prgh#wkdw!v#edwd<g¢o|#fr.

HIREITTTTTTTTTTTTT] NOVEMBER/DECEMBER 2016



rswlrg#H#li#doo#srwhqwldo#uhvrxuwmkih##eldwh#tqfoxgllgg# klgn#wkdw#wklv#ohdyhv#d#frxpahgri#fxulrviwl
exqgoh/#duh#plvviqjl#Lqg#wklvgeiBundienmethod wkh#lqjl#lluvw/#lvqg!wemokbi#dghwkrg#gh=ghg#iru#d#
throws a MissingResourceException#+zklIfk#lv#dq#xqfkhfriist 2 And, doesnt that method remove the item at the
h{fhswlrq/#vr#qr#frgh#kdv#wr#dgplwHAwWIR vs xuwlelwhg#lqggh{#srviwlrqB#Zhoo/#|hv/#e ot #Hawldw ih # d u h

that's not relevant to this question because the ba se bundle phgqwvi1i#Krzhyhu/#wkh#uhodwlrgarkdse{iet) want h q #

Iv#irxqgl remove(Object) is one of method overloading, not method
E|#wkh#zd|/#wkh#surfhvv#Iv#h{sodlq#bg o peiehrdigd wiitlo means that the compiler decides w hich

API documentation 1 phwkrg#wr#lgyrnh/#udwkhu#wkdq#w k H#weury h fws wik d w !

Wklv#ehkdylru#lv#uhdoo|#txlwh#xvWhligjoolwl i # wk# kdgyrddwlrg#pdnlgj#wkh#ghflvirg#dw#uxqwlphl
luhgfk#=0CdrifigData_fr.properties /#lw#zrxog#suredeo|# Lqg#wklv#h{dpsoh/#wkh#froohfwlrq#d&sthfw#lv#dfw
vhuyh#txlwh#zhoo#iru#dq|#luhqfk#vskthhauvd# zkibutkedaotieweferstoitasa  Collection , and Collection does
luhgfk#ru#Fdqdgldqg/#ru#twkh|#zhuh#iu#p8dqdxqihgthithueothe remove(int) #phwkrg#+froohfwlrqv#duh#qrw#lqv
wulhv#lg#Diulfd#ru#derxw#d#grihq#ewkbgV#durxglddwkrughuhg/#vr#srviwlrqgdo#lqgh{gMm&ouh#qrw#ph

Lw!v#lgwhuhvwlgj#wr#qrwh/#ri#frxdwhy/wkdwENMdyd##keEnv#wklv/#wkh#frpslohOwlph#gwmifidbrygrhiv#pdgh
wulyldo#pxowlolgjxdo#fdsdelolw|1#Zglbk#wwih gthas teormje(Object) #phwkrgl
dwwhpsw#wr#wudqgvodwh#wh{w#ehw z lelvg#okdhagf xdjhv/BVwaddgriqw#ri#Zlgqwhuhvw/#li#|rx#vlpsodatkgt|h#wk
qdphv#ri#prqwkv#dqgg#gd|v#ri#wkh#zhhnphgitiod ¢ W|sddijni & w k h # yabll | drera h@ollection to List , "Fred" is
gdwhOw|sh#remhfwv#duh#frqyhuwh g # llpwriow hd evnédebsedufrau the list and the output does indeed ch ange
zlwkrxw#khos#iurp#wkh#surjudpphul iurp#zkdw!v#vkrzqg#iru#rswlrq#E#wr#zkdwlvg#brzq#irt

Exw#dw#wklIv#srigw/#|rx#pljkw#uhdvrddemp |#dvn#z
Question 2Wkh#fruuhfw#dqvzhu#lv#rswlrqg#E1#W k| piled alibng hherdaf to  removeon a Collection<String>  to
those questions that investigates a situation where misunder- acceptan Integer #dujxphqwl#Grhvq!w#wkh#jhghulfv#phfk
vwdqglqj#fdg#hdvlo|#rffxu zlwk#srwhqgwJidiogd & xjl#Pdstrzcirnile argument to a String , and wouldn't that result
frgvhtxhgfhv1i#WKklv#txhvwlrq#pljkw#eh#witre/ikid ud g trdi#ftrpslodwlrq#idloxuh#+rswlrq#FkB#grf{rx#fkhfn#w
exw#lw!lv#d#wuxo|#hqoljkwhqlqgj#suh&dw g z#wiks#l | opohiowkdw I rq#iru#wklv#phwkrg/#lw#grh vigd #jhdfvwx 86 o | #

[rx#qrghwkhohvv1# dujxphgw>#Iw®bjech h ¥ kh#vdph#|v#waeoxnteins #wkh #
So, what's going on? Because the correct answer is option phwkrg/#wrrl#Lg#h<hfw/#wklv#doorku#frghwr#vd|##Ii
B, it appears that the code compiles and runs, but it does not contains this item, remove it” while referring to an item that

prgli|#wkh#gdwd#lg#wkh#froohfwlrql#fiwkhg£hkdydougprkiggsrvvieo|#eh#suhvhgw#ehfdxvh&shlWWWwkn#zurq
wkh#phwkrg#dw#olgh#qg4l#Li#|rx#oHWjdnw oW EdogioGExvhohvv#ehkdylru#doorzv#irudie dflioddyig #fr

that the argument to the removemethod is an Object, not an zlwk#frgh#zulwwhqg#sulru#wr#wkh#dyyplboditiro#/ghghulf
int 1#Wrkimggve(Object) #phwkrg#lv#gh=_Eblettioy , |rx#fdq#dvn#zkhwkhu#d#froohfwlrq#ritvdXgvpgrelohv#fi
dqg#lw#uhpryhv#dg#remhfw#wkdw# p dw#ExwHwnkidl 4 & gt jkpdodgwd qg#zkloh#wkh#txhvwlrq#l\hiwidok b # | r xdme
froohfwlrg#frqgwdlqv#rqo|#wRkred"# Vdina'"l ggnd= # dgvzhu##qrl$

"Sheila" 1#Frqvhtxhqwo|/#qr#fkdqgjh#lv#pdgh#w##wkh#indehfogwlguhvwliqgj#wr#qgrwh#wkdw# p dgljghlv@H v #d
dqg#wkh#dqvzhu#pdnhv#vhqvhl +quoxg|qj#wkh#FHUW#Vhfxuh#Mdyd#Frng/j,##uhfr;i
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zduq#djdlgvw#fdoolgj#wkhvh#phwkrgv#tdwkE#jhghmukdtdadiw#pdgdjhv1i#Wzr#gl<huhqw# e hkldg Friad #Hlwkid g
sursuldwh#dujxphqwv/#dqg#|rx#fdg#sumad&o |#vhwH#zlkpuhodwlrqvklis#ehwzhhqg#wkh#dxwggpgtdiwl# forvxu
Also, the return value of these removemethods can be used h{solflwo|#fiiplg##eorfn/#dqg#5,#wkh#wlplgj#uhodwli
wr#ghwhuplgh#zkhwkhu#dq|#fkdqjh#zdv#pdghMtchmgrgumultiple resources all opened in the paramete r list of
riwhqg#dgylvh#djdligvw#ljqrulgj#vxfk#uhwxuq#ydasmgle try #vwdwhphqgwl
lurp#rqh#shuvshfwlyh/#wkh#gl<huhqfh#ehwzhhg®hflkkuli#wkh#wlph#zkhqg#|rx#xvh#wu|0OzIwkOuhvrxu
tance and overloading is simple enough, but sometim es it theres noneed fora finally #eorfn>#wkh#dxwrOjhghudwhg#f
wdnhv#rq#d#wulfnlhu#frgvhtxhqgfh zklfk#gdhbhv#diijludbwdivg#e |#wkh#frpslohu#qrupdoo|#fodwhyghdagwiklq)#
wlrg#dqgg#glvixvvirq/#sduwo|#ehfdxvhé frkktipllj&osgkrdhyetw#t forvhgl#Krzhyhu/#wkhuh#duh##nvphl#gh® rxufhO
wiph#wu|lgj#wr#ghexj#wkh#frgh#zkhq#od4 ptidvd #h thatl do#ridt onplement  AutoCloseable /#dqg#wkrvh#zrxog#olnho
[rx#wr##II{#Iw#qrz$$ need a finally #eorfn#wr#uhohdvh#wkhpl#Wkh#h{dpsohv
vsulgj#wr#plgg#iru#ph#duh#wkh#D S LDwhwhdwérfn#xw
Question W kh#fruuhfw#dgvzhu#lv#rswlrq#E1#W k hekisturvie? r gvé.utif.doncurrent #sdfndjhl#Wkhuhiruh/#lw#lv
tion is that the ~ Path mechanism has no problem referring srvvieoh#wr#kdyh#erwk#wu|0zlwkOfutally x #dofddg # d #
wr#=ohv#dqgg#gluhfwrulhv#wkdw# g r g dohof|l#tx 1w N 4 vhod@fiv krxjkwOrxw#frgh#wkdw#lvgw g gdgeédffldo oxvw
Ipsruwdgw/#ehfdxvh#li#lw#zhuh#xqdesdkhdwr#a##wohPplftwdonlqgj#srigwl
sureohp#wul|lqj#wr#fuhdwh#d#qhz#=0¢hd#nkgeod# w# Rlilivbuvh/#wkh#uhodwlrgvkls#ehwzhhbgfjdqg|#uhvrx
eh#uhdg|#wr#holplgdwh#rswlrq#H/#zklgkwiqgh# pv #eleaseditta finally #eorfn#dqgg#wkh#uhvrxufhv#ehlqj#pdq

that the reference to the path a/b/cee, which doesn 't exist, e|#wkh#wu|O0OzlwkOuhvrxufhv#phfkdqglvp#&vESEWhnw |#wl
zrxog#fdxvh#d#sureohpl#+Qrwh#wk dwn ikt H wadhid fohvotdir sh#ri#wkh#pdgdjhg#uhvrxud ety lsohg# vv d
fxuuhqgw#zrunlqj#gluhfwru|#Ilv#hpsw]|1, tothe try #vwdwhphqw#dqgg#wkh#eorfn#wkdw#lpphgldwh

So, the remainder of the question revolves around t wo Iwl#Wkhuhiruh/#wkrvh#uhvrxufhv#daeb#gwrirondonad #1qy
txhvwlrgvil#lluvw#lv#zRhillehds¥Wtk iméthod tra- finally #eorfnl#Lq#frqwudvw/#dq|wkldfjaliyvieoh#lqg#wkl

yhuvhv#gluhfwrulhv#+li#lw#grhv/#|rk#zovong#Hdl ghtefew#nkpxvw#eh#virshg##rxwvigh$#ri#wkB#zkroh#wu|2
outputto be true ,1#Vhfrqg#lv#zkhwkhu#lw#h{dpdghv#zkdob##frgvwuxfwlrqgl

phgw#qgdphv#ru#lv#zlioolqgj#wr#pdwfk#mixhdws ik h#wdQdwthqugvkhohvv/#Mdyd#vs hfligcily # W ke d wihw k h #

ment name, such as deciding that a/b/cee ends with eel is executed after the management of the AutoCloseable
It's a rather boring matter of rote learning that, indeed, uhvrxufh@ZézZz EZg nzZ ~ Li"\biRIWInBg 1531615
the method does match across directories, but it do es not #H{whqgghg#wu|0zlwkOuhvrxufhv/$#vwdxhih## k Hoo## d o

pdwfk#sduwldo#vhjphgw#qdphvl#KhqfhM#wkh#=ukdyhr¥eskg#forvhg#+ru#dwwhpswhg#wmneh#iokkakg,#e|
olgh#lv#wuxh/#dqg#wkh#vhfrqg#lv#ideEntwdhbgjfimallylrg¢georfn#lv#h{hfxwhglS#Wklv#uxohv#ring#rswlrq#
fruuhfw#dgvzhul C, which assert that the word three #lv#sulqwhg#=uvwl

Also, vhiwlrg#4 7458 kG #ryhudufklqgj#vhfwlrqg#frqwedg
Question W kh#fruuhfw#dgvzhu#lv#rswlirq#G1l#Wkiwkit#thaxevhdwlrg#phqwlrghg#deryh,#qrwhdéwkdw# ydud

dgguhvvhv#wkh#ehkdylru#ri#wkh#wu|0i|k\dk0uhvr#ﬂdh\wl#qp#\dxwrpdwlfdoo|/#Iq#wkh#uhyhlllf\M##wkgh#J#iuri;ﬁ

nism and how it interacts with the AutoCloseable resources zhuh#lglwldol}hgl$#Frgvhtxhqwo|/#|rxw #dwokthethwz
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resources will be closed such that two#lv#rxwsxw#=anev#dqghffhswilrg#+wkh#vxefodvv,#pxvw#frph#swivgd#Li#wkhi#
frphv#diwhul duh#olvwhg#zlwk#wkh#pruhOjhqhud o #fw tngw# d Lo # f r
Qrwlifh#wkdw#wkhvh#vshfl=fdwlrg#vwdiwmhphguehfdubtfifkdl#zpruhOvshfleaighrdedatfapv#xquhdfkdeoh 1
wkh|#grg!'w#ohdyh#wkh#rughu#ri#wkhddgshqdw grétCoogd huzvyg " nZ ™~ Li"\ b RI\WImdhdgstatesithis, albeit
zd|1#Wkh#rughu#kdv#ehhq#sloywhawdhree# sos # zlwk#udwkhu#devwuxvh#odqgjxdjhl#Lqlvswlrq#F/#wkh
wkh#dqvzhu#lv#qrw#rswlrg#H/#exw#udwkhu#rswiioni# at addinga catch (Exception) #eorfn#ehiruh#wkh#
Li#|rx#fdph#dfurvv#wklv#lq#dqg#h{dp/glhru#pljdack {hgerruptedException) #eorfn#zrxog#vrphkrz#khosl#
that it's a lot of code to understand for a sub-two -minute Exw#|rx#fdq#lpphgldwho|#vhh#wkdw #nwid fuxtuzn bro #fd x v |
dqvzhul#Krzhyhu/#qrwlfh#wkdw#wkh#rexd hatv# o finpsdstdgflrg#idloxuhl
wkh#rughulgj#ri#rxwsxw/#vr#|rx#fdq#wdithe||gljgruh#@h{w/#|rx#pxvw#frqvighu#zkhwkhugadd#dgglwlrgdo
wdfwlf#ghwdlovli#Lqvwhdg/#|rx#qhhgkidw#hgdhgiglliggrgrogbv#hyhqg#ghfhvvdu|[/#ru#li#wkh&whkdiwxdea bt #p
ithuhgfh#ehwzhhqg#wkh#ydulrxv#rswilirqv#dpghagwvigth##H swklg#D/#zklfk#dvvhuwv#wkdw# wiliv#ing O ¢ wAj# Lgv
forviqgj#lv#gh=qghg#yhuvxv#xqgh=qghg$#dhg#zWwkhgwgh fghrkev#wkdw#wk h # g h gef Imdthqdtafithev k Ruture

#utoCloseable #=uvw/#d q ditsally h §dnd its inverse and lgwhuidfh#lv#ghfoduhg#wr#wkurz#fkhRoghg#Hhffhswlrqv
ehwzhhg##dxwrOforvh#lg#uhyhuvh#rughuqggiurp#rte exigtiSgfodde suggests, isan  InterruptedException 1#Lw!v#
Ilwv#lqyhuvhl## d#pdwwhu#ri#jhghudo#sulqflsoh#wk ewk# d/ef|erdr Srvi q # M

wkh#fxuuhqw#wkuhdg#vkrxog#euhdn#imdg@gH#wkh#eor
Question 5SWkh#fruuhfw#dgvzhu#lv#rswlirg#H 1#W k lthbtwadny vrteqriptedException  if the thread receives an

investigates the relationship between the abnormal ter- interrupt fromthe  Thread.interrupt() #phwkrgl#Wklv#ghvljg#
plgdwlrg#+rwkhuzlvh#nqrzq#dv##h{fhswlidgd#e hkdgbra##frgh#d#fkdqfh#wr#uhfryhu#iurp#dymh/uo|#orqj#
Callable andthe get method of the Future that connects to rutshukdsv#vipso|#wr#vkxw#grzq#rq#ubitdhavl#Krzhy
that Callable 1 get#phwkrg#dwwhpswv#wr#jhw#wkh#uhvxewrsgl#fwkh#m
The general ExecutorService #phfkdglvp#doorzv#|rx#Giventhatthe call method of Callable is permitted to throw
wr#vxeplw#mrev/#uhsuhvhquhgabheor Chliebkby # an exception, it's reasonable to infer that the get method

remhfwv/#wr#d#srro#ri#zrunhwhwlkthbddad al#Wkh# pljkw#ghhg#wr#uhsruw#wkdw#h{fhswl#qlr#R |wirxaiwh/#
Runnableis declared to return ~ void /#dqg#fdqqrw#wkurz#dight have been shut down, and the get method would need

fkhfnhg#h{fhswlrqv1#L q&aHghleu isvargktieric inter- dg#deqrupdo#whuplgdwlrq#phfkdqlvp#+wkdisiv/#dqgry
face, andthe call #phwkrg#wkdw#lw#gh=ghv#uhwxuqwiizkd#hyhwhsruw#wkdwl#Ehfdxvh#wkhtuhlv#pruh#wk
wkh#jhghulf#w]|sh#pljkwaaé hit thD loase/itterface is sible abnormal termination situation, get#dfwxdoo|#zudsv#
declared to throw  Exception, permitting implementations those in an ExecutionException, and if the call method
wr#wkurz#dqg|#h{fhswlilrg#wkh|#o0|nh1#¥tkling#pE/diqtheew ki exéaption, that exception would be the cause of the
zklfk#h<hfwlyho|#dvvhuwalwiphwkwd# gd | #qrw#w EneeutionException 1

dgq#h{fhswlrq/#Iv#idovhl Ehfdxvh#ri#wklv#vwuxfwxuh/#rswlrqBBHla #id o whds

Rswlrg#F#fdqg#lpphgldwho|#eh#uhmhfwhg#edvVhi#rigg#h{khswirg#wkdw#pxvw#eh#fdxjkgiim i o 0 nzi#)
odu#Mdyd#ehkdylrul#tated #ebufhv#fotvfk#h{fhswifrgp#loh,#dqg#rswlrq#G#lv#dovr#idovhiswkiy#fkhfnhqg#
w|shv#wkdw#duh#uhodwhg#e|#fodvvBkihrufdufk |/ #wkintzoo# & | #@tkhethod is not the one declared on the call -
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phwkrg#lpsohphqgwdwlrqg,1#Lqgvwhdg/#w kro##Hw g# (
handle would be ExecutionException /#exw#wkIv#lvg!lw#r
wkh#dydlodeoh#rswlrqv1#Wkhuhiru h/j#dstHwl IrmsioH
Exception /#exw#dw#d#ydolg#sodfh#lq#wkh#vexuf
wkh#fruuhfw#dqvzhul

There is another observation to be made about this gues-
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