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What Readers Are Saying About
Seven Languages in Seven Weeks

Knowingmultipleparadigmsgreatlyinfluencesourdesignabilities,so
I'malwaysonthelookoutforgoodbooksthat’llhelpmelearnthem.
Thisbooknicelybringsprominentparadigmstogether.Brucehas
experiencelearningandusingmultiplelanguages.Nowyoucangain
fromhisexperiencethroughthisbook.lhighlyrecommendit.

» Dr. Venkat Subramaniam
Award-winningauthorandfounder,AgileDeveloper,Inc.

Asaprogrammer,theimportanceofbeingexposedtonewprogram-
minglanguages,paradigms,andtechniquescannotbeoverstated.
Thisbookdoesamarvelousjobofintroducingsevenimportantand
diverselanguagesinaconcise—butnontrivial—manner,revealing
theirstrengthsandreasonsforbeing. Thisbookisakintoadim-sum
buffetforanyprogrammerwhoisinterestedinexploringnewhorizons
orevaluatingemerginglanguagesbeforecommittingtostudyingone
inparticular.

» Antonio Cangiano
Softwareengineerandtechnicalevangelist,IBM

Fastenyourseatbelts,becauseyouareinforafast-pacedjourney.
Thisbookispackedwithprogramming-language-learningaction.
Bruceputsitallontheline,andtheresultisanengaging,reward-
ingbookthatpassionateprogrammerswillthoroughlyenjoy.Ifyou
lovelearningnewlanguages,ifyouwanttochallengeyourmind,if
youwanttotakeyourprogrammingskillstothenextlevel—thisbook
isforyou.Ynwillnotbedisappointed.

» Frederic Daoud
Author, Stripes...andJavaWbDevelopmentlsFunAgain and
GettingStartedwithApacheClick



Doyouwantsevenkickstartsintolearningyour“languageofthe
year”?Doyouwantyourthinkingchallengedaboutprogrammingin
general?Looknofurtherthanthisbook.Ipersonallywastakenback
intimetomyundergraduatecomputersciencedays,coastingthrough
myprogramminglanguagessurveycourse.Thedifferenceisthat
Brucewon’tletyoucoastthroughthiscourse!Thisisn’taleisurely
read—you’llhavetoworkthisbook.Ibelieveyou'llfinditbothmind-
blowingandintenselypracticalatthesametime.

» Matt Stine
Groupleader,ResearchApplicationDevelopmentatSt.Jude
Children’sResearchHospital

Ispentmostofmytimeasacomputersciencesstudentsayingldidn’t
wanttobeasoftwaredeveloperandthenbecameoneanyway. Seven
LanguagesinSevenWes expandedmywayofthinkingaboutprob-
lemsandremindedmewhatlloveaboutprogramming.

» Travis Kaspar
Softwareengineer,NorthropGrumman

Ihavebeenprogrammingfor25yearsinavarietyofhardwareand
softwarelanguages.Afterreading SevenLanguagesinSevenWes 1
amstartingtounderstandhowtoevaluatelanguagesfortheirobjec-
tivestrengthsandweaknesses.Moreimportantly,Ifeelasiflcould
pickoneofthemtoactuallygetsomeworkdone.

» Chris Kappler
Seniorscientist,RaytheonBBNTechnologies
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Dedicat

ThefivemonthsfromDecember2009throughApril2010wereamong
themostdifficultofmylife.Mybrother,notyet4 7yearsold,hademer-
gencybypasssurgery. Noonehad anycluethatanythingwaswrong
atall. (He came through the surgery without further incidentand is
doingwell.)InlateMarch,mysisterwasdiagnosedwithbreastcancer.
ThebiggestshockofallcameinearlyMarch.Mymotherwasdiagnosed
withterminalcancer.Afewshortweekslater,shewasgone.

Asyouwould expect, Iam left to struggle with the grief of a jarring

and unexpected loss because of a brutally efficient disease. [would
notbehumanotherwise. Butstrangely, thisexperiencehasnotbeen
an entirely negative one. Yt see, my mother was at peace with the
remarkablelifeshelived,herrelationshipswithherfamilywerestrong
and fulfilling, and she was exactly where she wanted to be with her
faith.

Lynda Lyle Tateputhercreativeenergyintopaintingwithwatercolors.
ShesharedherartprimarilythroughherMadisonAvenueArtGallery
andherclasses.Beforellefthome,Ihadtheopportunitytotakeafew
lessonsfromher.Forsomeonefromatechnicalprofession,theexperi-
encewasalwaysalittledisorienting.Iwouldvisualizethemasterpiece
onmyblankcanvas.Astheactualimagetookshape,itdriftedfurther
andfurtherfrommyoriginalvision.Whenldespairedthatthingswere
beyond my ability to fix, Mom looked over my shoulder and told me
whatshesaw. After afewflicks ofhertalented wristadded darksto
accentuatedepthandhighlightstoaddclarityanddetail,Iwouldreal-
izethatlhadnotbeentoofarastrayatall.Itjusttookagiftedtouchto
bringbackmycreationfromthebrinkofdisaster.Then,Iwouldthrow
myexcitedarmsupinvictoryandtelleveryoneintheclassaboutthis
thinglhadcreated,notyetrealizingthateachmemberoftheclasswas
goingthroughtheirownprivateburstofjoy.



DEDICATION <« 10

Afteralittlewhile,IllearnedthatMomwasworkingonanothercanvas
aswell. Through her church and through her profession, she’d find
brokenpeople.Encounteringalostspousehereoratroubledmarriage
there,mymotherwouldbringthemintoclasswhereshewouldusethe
paintandpapertoslightlyopenadoorthathadbeenslammedshut.
Aswe spent ourlastweek together, person after person would come
throughherroomdevastatedatthethoughtoflosingtheirteacher,but
Mom would tell the perfect joke or offer the right word of kindness,
comforting those who came to comfort her. [ got tomeet the human
canvaseswhohadbeenputrightbythemasterandgoneontodogreat
things.Itwasahumblingexperience.

When I told my mother that I would dedicate this book to her, she

said that she would like that, but she had nothing to do with com-
puters.Thatistrueenough.TheverythoughtofWiwswouldleave
herhelpless. ButMom, youhavehad everythingtodowith me. Yar
well-timedwordsofencouragementinspiredme,yourloveofcreativity
shapedme, andyourenthusiasmandloveoflifeguidemeevennow.
AslIthinkabouttheseexperiences, Ican’thelpbutfeelalittlebetter
andalittlestrongerbecausel,too,amacanvasshapedbythemaster.

ThisbookisdedicatedwithlovetoLynda Lyle Tate,1936-2010.
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Thisisthemostdemandingbooklhaveeverwritten.It’salsothemost
rewarding. The peoplewhohaveoffered tohelpinvariouswayshave
madeitso.Thanksfirstand foremosttomy family. KaylaandJulia,
yourwritingamazesme. Yi can’tyetimaginewhatyoucanaccom-
plish.Maggie,youaremyjoyandinspiration.

In the Ruby community, thanks to Dave Thomas for turning me on
tothelanguage that turned my career upside down and helped me
havefunagain.ThanksalsotoMatzforyourfriendshipandyouroffer
toshareyourthoughtswithmyreaders. Yat invited metoJapanto
visittheplacewhereRubywasborn,andthatexperienceinspiredme
muchmorethanyouwilleverknow.ToCharlesNutter, EvanPhoenix,
andTim Bray,thanksfortheconversationsabouttopicsinthisbook
thatmusthaveseemed tiresomebuthelped merefineand shapethe
message.

Inthelocommunity, thankstoJeremyTregunna forhelpingmeget
pluggedinandsharingsomecoolexamplesforthebook. Yarreviews
were among the best. They were timely and helped build a much
stronger chapter. Steve Dekorte, you've created something special,
whetherornotthemarketplaceeverrecognizesitasso.Theconcur-
rencyfeaturesrock,andthelanguagehasintrinsicbeauty.lcandef-
initely appreciate how much of this language feels right. Thanks for
helping this neophyte debug his installation. Thanks also for your
thoughtfulreviewsandyourinterviewthathelpedmecapturethees-
senceoflo.Yacapturedtheimaginationofthebetareadersandcre-
atedthefavoritelanguageofmanyofthem.

In the Prolog community, thanks to Brian Tarbox for sharing your
remarkableexperiencewithmyreaders.Thedolphinprojects,featured
onNova, certainly add adramaticflairtothe Prologchapter. Special
thanks go toJoe Armstrong. Yu can see how much your feedback
shapedthechapterandtheoverallbook.Thanksalsoforcontributing
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yourmap-coloringexampleandyourideasforAppend. Theywerethe
rightexamplesdeliveredattherighttime.

Inthe Scalacommunity, thanks tomy good friend Wit Subrama-
niam.Yar  Scalabookisbothrichand understandable.Ileaned on
itheavily. I greatly appreciate your review and the little bits of help

that you offered along the way. Those little bits of your time saved

me tremendous anguish and let me focus on the task of teaching.
ThanksalsotoMartinOderskyforhelpingthisstrangerbysharingyour
thoughtswithmyreaders. Scalatakesauniqueandbraveapproach
tointegratingfunctional programmingparadigmswithobject-oriented
paradigms.Yreffortsaregreatlyappreciated.

IntheErlangcommunity,lagainthankJoeArmstrong.Yarkindness
andenergyhavehelped meformtheideasinthisbook. Yar tireless
promotionofthewaydistributed,fault-tolerantsystemsshouldbebuilt
isworking. More than any other idea in any other language in this
book,Erlang’s“Letitcrash”philosophymakessensetome.lhopeto
seethoseideasmorebroadlyadopted.

IntheClojurecommunity, thankstoStuartHallowayforyourreviews
and ideas that forced me to work harder to bring a better book to
myreaders. Yar insightsinto Clojure and yourinstincts helped me
understandwhatwasimportant.Yarbookwasalsohugelyinfluential
inthe Clojurechapterandactuallychanged thewaylattacked some
problemsinotherchaptersaswell. hrapproachinyourconsulting
practiceisgreatlyappreciated. Yebringingmuch-neededsimplicity
andproductivitytothisindustry. ThanksalsotoRich Hickeyforyour
thoughtfulideasonthecreationofthelanguageandwhatitmeansto
bealLispdialect. Someideasin Clojureareintenselyradicalandyet
sopractical.Congratulations. YiefoundawaytomakeLisprevolu-

tionary.Again.
In the Haskell community, thanks to Phillip Wadr forthe opportu-
nity tolookinside the processthatcreated Haskell. W shareapas-

sion for teaching, and you're very good at it. Thanks also to Simon
Peyton-Jones. lenjoyed working through yourinterview, theinsights
youadded,andtheuniqueperspectiveyoubroughttothesereaders.

Thereviewersdidanoutstandingjobwiththisbook.ThankstoVladi-
mirG.Ivanovic,CraigRiecke,PaulButcher,FredDaoud,AaronBedra,
David Eisinger, Antonio Cangiano, and BrianTarbox. Ya1 formedthe
most effective review team I've ever worked with. The book is much
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stronger for it. [Iknow thatreviewing abook at this level of detail is
thankless,demandingwork.Thoseofuswhostillliketechnicalbooks
thankyou.Thepublishingbusinesscouldnotexistwithoutyou.

lalsowanttothankthoseofyouwhosharedyourideasaboutlanguage
choiceandprogrammingphilosophy.Atvarioustimes,NealFord,John
Heintz,MikePerham,andlanWdskmadesignificantcontributions.
Thesekindsofconversationsmademelooksmarterthanlreallyam.

Betareaders,thankyouforreadingthebookandkeepingmeworking.
Yarcommentshaveshownmethatagoodnumberofyouareworking
throughthelanguagesratherthancasuallyskimming.I'vechangedthe
bookbasedonhundredsofcommentssofarandexpecttodoevenmore
throughoutthelifeofthebook.

Finally, to the team at the Pragmatic Bookshelf, I offer my sincerest
gratitude.DaveThomasandAndyHunt,youhavehadanincalculable
impactonmy career asaprogrammer and againas an author. This
publishingplatformhasmadewritingviableagainforme. W cantake
abooklikethisonethatmightnotbeasattractivetothemassmarket
andmakeitfinanciallyworthwhile. Thankstoallthemembersofthe
publishing team. Jackie Carter, your gentle hand and guidance were
whatthisbookneeded, andIhopeyouenjoyed ourconversationsas
muchasIdid. Thankstothose wholabored in my shadow tomake
thisbookthebestitcouldbe. Specifically, Iwanttothank theteam
thatlaboredsohardtomakethisbooklookgoodandcorrectallofmy
badhabits,includingKimWis thecopyeditor; SethMaislin, the
indexer; Steve Peter, the typesetter; and Janet Furlow, the producer.
Thisbookwouldnotbewhatitiswithoutyou.

Asalways, mistakesthatslipped throughthisfineteamareallmine.
Forthoseofyoulmissed,loffermysincerestapologies. Anyoversight
wasnotintentional.

Finally,thankstoallofmyreaders.Ithinkthatrealhard-copybooks
havevalue,andlcanfollowmypassionandwritebecauseyoudo,too.

BruceTate
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From the yet to be written “How Proust Can Make You a Better
Programmer”
byJoeArmstrong ,CreatorofErlang

“TheGmaileditorcannotgettypographicquotesright.”

“Disgraceful,”saidMargery, “thesignofanilliterateprogrammeranda
decadentculture.”

“Whatshouldwedoaboutit?”

“Wemustinsistthatthenextprogrammerwehirehasreadallof Ala
recherchedutempsperdu.”

“Allsevenvolumes?”
“Allsevenvolumes.”

“Willitmakethembetteratpunctuationandmakethemgettheirquotes
right?”

“Notnecessarily,butitwillmakethemabetterprogrammer.It'saZen
thing....”

Learningtoprogramislikelearningtoswim. Noamountoftheoryis
asubstitute fordivinginto the pool andflailing around in thewater
gaspingforair. Thefirsttimeyousinkunderthewater,youpanic,but
whenyoubobtothesurfaceandgulpinsomeair,youfeelelated.Ya
thinktoyourself,“Icanswim.”Atleastthat’showlfeltwhenllearned
toswim.

It'sthesamewithprogramming. Thefirststepsarethemostdifficult,
andyouneedagoodteachertoencourageyoutojumpintothewater.

BruceTateissuchateacher. Thisbookgivesyoutheopportunity to
startwithwhatisthemostdifficultpartoflearningtoprogram,namely,
gettingstarted.
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Let'sassumethatyou'veactuallymanaged thedifficulttaskofdown-
loadingandinstallingtheinterpreterorcompilerforthelanguageyou
areinterested in. What should you do next? What will be your first
program?

Bruce neatly answers this question. Just type in the programs and
programfragmentsinthisbooktoseewhetheryoucanreproducehis
results. Don’tthinkaboutwritingyourownprogramsyet—justtryto
reproduce the examples in the book. Asyou growin confidence, you
willbeabletotackleyourownprogrammingprojects.

Thefirststepinacquiringanynewskillisnotbeingabletodoyourown
thingbutbeingabletoreproducewhatotherpeoplehavedonebefore
you.Thisisthequickestwaytomasteringaskill.

Getting started with programminginanewlanguageisnotsomuch
adeepexerciseinunderstandingtheunderlyingprinciplesthatalan-
guage embodies; it is rather a matter of getting the semicolons and
commas in theright places and understanding the weird error mes-
sagesthatthesystemspitsoutwhenyoumakeanerror.Itisnotuntil
yougetbeyondthemessybusinessofenteringaprogramandgettingit
throughthecompilerthatyoucanevenstarttothinkaboutthemean-
ingofthedifferentlanguageconstructs.

Onceyou'vegottenthroughthemechanicsofenteringandrunningpro-
grams, youcansitbackandrelax. Yar subconsciousdoestherest.
Whileyourconsciousbrainisfiguringoutwheretoputthesemicolons,

your subconsciousisfiguring outthe deepmeaning thatliesunder-
neaththesurface structures. Thenyou’llwake up one day suddenly
understandingthedeepermeaningofalogicprogramorwhyapartic-
ularlanguagehadaparticularconstruct.

Knowingasmallamountaboutmanylanguagesisausefulskill.loften
findthatIneedtounderstandabitofPythonorRubytosolveapar-
ticularproblem. TheprogramsldownloadfromtheInternetareoften
writteninavarietyoflanguagesandneedalittletweakingbeforelcan
usethem.

Eachlanguagehasitsownsetofidioms, itsstrengths,anditsweak-
nesses.Bylearningseveraldifferentprogramminglanguages,youwill
beabletoseewhichlanguageisbestsuited tothekindsofproblems
thatinterestyoumost.

Reporterratum

yis (P1.0printing.October2010)


http://books.pragprog.com/titles/btlang/errata/add?pdf_page=15

FOREWORD <« 16

I'mpleasedtoseethatBruce’stasteinprogramminglanguagesiseclec-
tic.Hecoversnotonlythewell-establishedlanguagessuchasRubybut
alsoless-well-appreciatedlanguageslikelo.Ultimately, programmingis
aboutunderstanding,andunderstandingisaboutideas.So,exposure
tonewideasisessentialtoadeeperunderstanding of whatprogram-
mingisallabout.

AZenmaster might tell you that to be better at mathematics you'd
betterstudyLatin.Thusitiswithprogramming.Tobetterunderstand
theessenceofOOprogramming, youshouldstudylogicorfunctional
programming(FP). TobebetteratFP,youshouldstudyAssembler.

Books on comparative programming languages were popular when I
grewupasaprogrammer,butmostofthesewereacademictomesthat
gavelittlepracticalguidancetohowtoactuallygoaboutusingalan-

guage.Thisreflected thetechnologyoftheage. Y couldreadabout
theideasinalanguage,butactuallytryingitoutwasvirtuallyimpos-
sible.

Today,notonlycanwereadabouttheideas,butwecantrythemin
practice. Thismakesthedifferencebetweenstandingon the poolside
wonderingwhetheritwouldbenicetoswimanddivinginandenjoying
thewater.

Iwarmlyrecommendthisbookandhopethatyouenjoyreadingitas
muchaslhave.

JoeArmstrong,creatorofErlang
2March2010
Stockholm
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1.1

Chapter 1

w
Peoplelearnspokenlanguagesfordifferentreasons.Yallearnedyour
firstlanguagetolive.ltgaveyouthetoolstogetthroughyoureveryday
life.Ifyoulearnedasecondlanguage,thereasonscouldbeverydiffer-
ent.Sometimes,youmighthavetolearnasecondlanguagetofurther

your career oradapttoachanging environment. Butsometimesyou
decidetoconqueranewlanguagenotbecauseyouhavetobutbecause

youwant tolearn. A second language can help you encounter new

worlds.Yimayevenseekenlightenment, knowingeverynewlanguage
canshapethewayyouthink.

Soitiswithprogramminglanguages.Inthisbook,Iwillintroduceyou
tosevendifferentlanguages.Mygoalisnottomakeamotherlydemand
likeyourmorningspoonfulofcodliveroil. Iwanttoguideyouthrough
ajourneythatwillenlightenyouandchangethewayyoulookatpro-
gramming. Iwon’tmakeyouanexpert, butI'llteachyoumore than
“Hello, Wt

MethodtotheMadness

Mostofthetime, whenI'mlearninganewprogramminglanguage or
framework, 'lllookforaquickinteractivetutorial. Mygoalistoexpe-
riencethelanguageinacontrolledenvironment.Iflwant,Icangooff
scriptandexplore,butI'mbasicallylookingforaquickjoltofcaffeine,
asnapshotofsyntacticsugar,andcoreconcepts.

Butusually, the experience is not fulfilling. IfIwant to get the true
flavorofalanguagethatismorethanasubtleextensionofonelalready
know,ashorttutorialis  never goingtowork.Ineedadeep,fastdive.



METHOD TO THE MADNESs <« 18

Thisbookwillgiveyousuchanexperiencenotoncebutseventimes.
Yilfindanswerstothefollowingquestions:

* Whatis thetypingmodel?  Typingis strong (Java) or weak (C),
static(Java)ordynamic(Ruby). Thelanguagesinthisbooklean
on the strong typing end of the spectrum, but you’ll encounter
abroadmixofstaticand dynamic. Yu willfind howthetrade-
offsimpactadeveloper.Thetypingmodelwillshapethewayyou
attackaproblemandcontrolthewaythelanguageworks. Every
languageinthisbookhasitsowntypingidiosyncrasies.

Whatistheprogrammingmodel?  Isitobject-oriented (OO), func-
tional, procedural, or some type of hybrid? This book has lan-
guages spanning four different programmingmodelsand, some-
times,combinationsofmorethanone. Yuwillfindalogic-based
programminglanguage (Prolog), twolanguages with full support
forobject-orientedconcepts(Ruby,Scala),fourlanguagesthatare
functionalinnature(Scala,Erlang,Clojure,Haskell),andonepro-
totypelanguage (Io). Several ofthelanguagesaremultiparadigm
languages, like Scala. Clojure’s multimethods will even let you
implementyourownparadigm.Learningnewprogrammingpara-
digmsisoneofthemostimportantconceptsinthisbook.

How willyouinteract with it? Languages are compiled orinter-
preted,andsomehavevirtualmachineswhileothersdon’t.Inthis
book,I'llbegintoexplorewithaninteractiveshell,ifthereisone.

Iwill move on to files when it’s time to attack bigger projects.

W won'tattacklargeenoughprojectstofullydiveintopackaging
models.

Whatarethedecisionconstructs and coredatastructures? Yadl
besurprisedhowmanylanguagescanmakedecisionswiththings
otherthanvariationsof ifsand whiles. Yalseepatternmatching
inErlangandunificationinProlog.Collectionsplayavitalrolein
justaboutanylanguage.InlanguagessuchasSmalltalkandLisp,
thecollectionsaredefiningcharacteristicsofthelanguage.Inoth-
ers,likeC++anddJava,collectionsareallovertheplace,defining
theuser’sexperiencebytheirabsenceandlackofcohesion.Either
way,you’llneedasoundunderstandingofthecollections.

Whatarethecorefeaturesthatmakethelanguageunique? Some
of the languages will support advanced features for concurrent
programming. Others provide unique high-level constructs such
asClojure’smacrosorlo’smessageinterpretation.Otherswillgive
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youasuperchargedvirtualmachine,likeErlang’sBEAM.Because
ofit, Erlangwillletyou build fault-tolerant distributed systems
muchmorequicklythanyoucaninotherlanguages. Somelan-
guagessupportprogrammingmodelsthatarelaser-focusedona
particularproblem,suchasusinglogictosolveconstraints.

Whenyou're through, youwillnotbe an expertin any of these lan-
guages,butyou will knowwhateachuniquelyhastooffer.Let’sgetto
thelanguages.

1.2 Thelanguages

Choosingthelanguagesinthisbookwasmucheasierthanyoumight
imagine. Isimply asked potentialreaders. Whenwerolled up all the
data,wehadeightpotentialcandidates.IstruckJavaScriptbecauseit
was too popularandreplaceditwiththenextmostpopularprototype
language,lo.IalsostruckPythonbecauselwantednomorethanone
object-orientedlanguage,andRubywashigheronthelist. Thatmade
roomforasurprisingcandidate,Prolog,whichwasatop-tenlanguage
onthelist. These are the languages that did make the cut and the
reasonslpickedthem:

* Ruby. Thisobject-oriented language gets high marks forease of
useandreadability.Ibrieflyconsiderednotincludinganyobject-
orientedlanguageatall, butIfound myselfwanting tocompare
thedifferentprogrammingparadigmstoobject-orientedprogram-
ming (OOP), soincludingatleastone OOPlanguagewasimpor-
tant. Ialsowanted to push Rubyalittle harder than most pro-
grammersdoandgivereadersaflavorforthecoredecisionsthat
shaped the design of Ruby. I decided to take a dive into Ruby
metaprogramming, allowing me to extend the syntaxofthelan-
guage.I'mquitehappywiththeresult.

* Jo. Along with Prolog, lo is the most controversial language I
included. Itisnotcommercially successful, buttheconcurrency
constructswiththesimplicityanduniformityofsyntaxareimpor-
tantconcepts.Theminimalsyntaxispowerful,andthesimilarities
toLisparesometimesstriking.Iohasasmallfootprint,isaproto-
typelanguagelikeJavaScript,andhasauniquemessagedispatch
mechanismthatlthinkyou’llfindinteresting.

* Prolog. YsIknowit’sold,butitisalsoextremelypowerful.Solv-
ing a Sudoku in Prolog was an eye-opening experience for me.
I've worked hard to solve some difficult problems in Java or C
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thatwouldhavebeeneffortlessinProlog.JoeArmstrong, creator
ofErlang, helpedmegainadeeperappreciationofthislanguage
thatstronglyinfluencedErlang.Ifyou’veneverhadanoccasionto
useit,Ithinkyouwillbepleasantlysurprised.

® Scala. One of anew generation oflanguages on the Java vir-
tualmachine,Scalahasbroughtstrongfunctionalconceptstothe
Javaecosystem.ItalsoembracesOOP.Lookingback,Iseeastrik-
ingsimilaritytoC++,whichwasinstrumentaltobridgingprocedu-
ralprogrammingandOOP.AsyoudiveintotheScalacommunity,
you’ll see why Scala represents pure heresy to pure functional
programmersandpureblisstoJavadevelopers.

¢ Erlang. Oneoftheoldestlanguagesonthislist,Erlangisgather-
ingsteamasafunctionallanguagethatgetsconcurrency, distri-
bution,andfaulttoleranceright. ThecreatorsofCouchDB,oneof
theemergingcloud-baseddatabases,choseErlangandhavenever
lookedback.Afterspendingalittletimewiththisdistributedlan-
guage, you'll see why. Erlang makes designing concurrent, dis-
tributed, fault-tolerantapplications much easier thanyou could
haveeverthoughtpossible.

® Clojure. AnotherJVMlanguage,thisLisp-dialectmakessomerad-
icalchangesinthewaywethinkaboutconcurrencyontheJVM.
It is the only language in this book that uses the same strat-
egy in versioned databases to manage concurrency. As a Lisp
dialect, Clojure packs plenty of punch, supporting perhaps the
most flexible programming model in the book. But unlike other
Lispdialects, theparenthesesaregreatlyreduced,andyouhave
ahugeecosystemtoleanon, includingahugeJavalibraryand
widelyavailabledeploymentplatforms.

* Haslkell. Thislanguage is the only pure functional language in
the book. That means you won't find mutable state anywhere.
Thesamefunctionwiththesameinputparameterswillgiveyou
thesameoutput,everytime. Ofallthestronglytypedlanguages,
Haskell supports the most widely respected typing model. Like
Prolog,itwilltakealittlewhiletounderstand,buttheresultswill
beworthit.

I'msorryifyourfavoritelanguagedidn’tmakethelist. Believeme,I've
alreadygottenhatemail frommorethanafewlanguageenthusiasts.
W includedseveraldozenlanguagesinthesurveymentioned earlier.
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Thoselanguages thatlpicked arenotnecessarily thebest, buteach
oneisunique,withsomethingimportanttoteachyou.

1.3 BuyThisBook

...Ifyouareacompetent programmerwhowantstogrow. Thatclaim
mightseemalittlenebulous,butindulgeme.

LearningtoLearn

DaveThomasisoneofthefoundersofthispublishingcompany.Hehas
challengedthousandsofstudentstolearnanewlanguageeveryyear.
Atworst,bylearninglanguages,you’lllearntofoldnewconceptsback
intothecodethatyouwriteinyourchosenlanguage.

WigthisbookhashadaprofoundimpactontheRubycodethatl
write.Itismorefunctionalandiseasiertoreadwithlessrepetition.I
reachformutablevariableslessand doabetterjobwith codeblocks
andhigher-orderfunctions.lalsousesometechniquesthatareuncon-
ventionalintheRubycommunity buttheymakemycodemoreconcise
andreadable.

Atbest,youcouldlaunchanewcareer.Everytenyearsorso,program-
mingparadigms change. AstheJavalanguagebecame morelimiting
forme,lexperimentedwithRubytobetterunderstanditsapproachto
webdevelopment. Afteracoupleofsuccessfulsideprojects, Ipushed
mycareerhardinthatdirectionandhaveneverlookedback.MyRuby
careerstartedwithbasicexperimentationandgrewintomore.

Help&s-DangerousTimes

Many of the readers of this book won’t be old enough to remember
thelasttimeourindustryswitchedprogrammingparadigms.Ourshift
toobject-oriented programming had a couple of false starts, but the
oldstructuralprogrammingparadigmwassimplyunabletohandlethe
complexityrequiredformodernwebapplications.ThesuccessfulJava
programminglanguagegaveusahardshoveinthatdirection,andthe
new paradigm stuck. Many developers got caughtwith old skillsand
hadtocompletelyretoolthewaytheythought,thetoolstheyused,and
thewaytheydesignedapplications.

W maybeinthemidstofanothertransformation. Thistime,newcom-
puterdesignswillbethedriver.Fiveofthesevenlanguagesinthisbook
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havecompellingconcurrencymodels.(RubyandPrologaretheexcep-
tions.JWhetherornotyourprogramminglanguagechangesrightaway,
I'mgoingtogooutonalimbandsaythatthelanguagesinthisbook
havesomecompellinganswerstooffer. Checkoutlo’simplementation
offutures,Scala’sactors,orErlang’s“Letitcrash”philosophy.Under -
stand how Haskell programmers leave mutable state behind or how
Clojureusesversioningtosolvesomeofthemostdifficultconcurrency
problems.

Yu canalsofind insight in surprising places. Erlang, the language
behind the scenes for several of the cloud-style databases, isagreat
example. Dr. Joe Armstrong started that language from a Prolog
foundation.

1.4 Don’tBuyThisBook

...untilyou’'veread thissectionandagree.lam goingtomakeadeal
withyou.Yuagreetoletmefocusontheprogramminglanguagerather
thaninstallationdetails. Mypartofthedealistoteachyoumoreina
shortertime. YlihavetoGooglealittlemore,andyoucan’trelyon

me to supportyourinstallation, but when you're through the book,
you’llknowmuchmorebecausel'llbeabletodivedeeper.

Pleaserecognizethatsevenlanguagesisanambitiousundertakingfor
both of us. As areader, you're going to have to stretch your brain
around seven different syntax styles, four programming paradigms,
fourdecadesworthoflanguagedevelopment,andmore.Asanauthor,

I have to cover an enormously broad set of topics foryou. Ilearned
severaloftheselanguagestosupportthisbook.Tosuccessfullycover
themostimportantdetailsofeachlanguage,Ineedtomakesomesim-
plifyingassumptions.

IWillle  You BeyondSyntax

Toreallygetintotheheadofalanguagedesigner,you'regoingtohave
tobewillingtogobeyondthebasicsyntax. Thatmeansyou’llhaveto
codesomethingmorethanthetypical*Hello,WiforevenaFibonacci
series.InRuby,youwillgettodosomemetaprogramming. In Prolog,
you’'llsolveafullSudoku.AndinErlang,you'llwriteamonitorthatcan
detectthedeathofanotherprocessandlaunchanotheroneorinform
theuser.
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Thesecondthatldecidedtogodeeperthanthebasics,Imadeacom-
mitmenttoyouandacompromise.Thecommitment:Iwon’tsettlefor
asuperficialtreatment. And thecompromise:Iwon’tbeabletocover
somebasicsthatyou’d expecttofindindedicated languagebooks. I
willrarelygothroughexceptionprocessing,exceptwhereit’safunda-
mentalfeatureofthelanguage.Iwillnotgointopackagingmodelsin
detailbecausewe’llbedealingwithsmallprojectsthatdonotrequire
them.Iwillnotgooverprimitivesthatwedon’tneedtosolvethebasic
problemsllayoutforyou.

IWatBeY our InstallationGuide

Oneofmybiggestchallengesistheplatform.Ihavehaddirectcontact
fromreadersofvariousbooksusingthreedifferentWidwsplatforms,
0OSX,andatleastfivedifferentUnixversions.I'veseencommentson
variousmessageboardsofmanymore.Sevenlanguagesonsevenplat-
formsisaninsurmountabletopicforasingleauthorandprobablyfor
amultiauthorbook.Ican’tsupportinstallationforsevenlanguages,so
I'mnotgoingtotry.

Isuspectthatyou'renotremotelyinterested inreading anotherout-
datedinstallationguide. Languagesandplatformschange.I'lltellyou
whereto gotoinstall thelanguage, andI'lltellyouwhatversionI'm
using. Thatway, you'llbe working from up-to-dateinstructions from
thesamelistaseveryoneelse.Icannotsupportyourinstallations.

IWotBeY  our ProgrammingReference

We  triedhardtogetyoustrongprogrammingreviewsforthisbook.
Insomecases,weareluckyenoughtogetareviewfromthepersonwho

designedthelanguage.I'mconfidentthatthismaterialwillcapturethe
spiritofeachprogramminglanguageprettywellbythetimeithasgone
throughtheentirereviewprocess.Thatsaid, pleaseunderstandthatl
cannotpossiblyfullysupportyourendeavorsineachlanguage.lwould
liketomakeacomparisontospokenlanguages.

Knowingalanguageasatouristpassingthroughisfardifferentfrom
beinganativespeaker.IspeakEnglishfluentlyandSpanishhaltingly.
Iknowafewphrasesinthreeotherlanguages.lorderedfishinJapan.
Iaskedtofind arestroominItaly. Butl knowmy limitations. From
the programming side, I speak Basic, C, C++, Java, C#, JavaScript,
Ruby, and a few others fluently. I speak dozens of others haltingly,
includingthelanguagesinthisbook.'mnotqualified tosupport six
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ofthelanguages on thislist. Iwrite Ruby full-time and have for five
yearsnow.Butlcouldn’ttellyouhowtowriteawebserverinloora
databaseinErlang.

Iwouldfailbadlyifltriedtoprovideanexhaustivereferenceforeachof
theselanguages.Icouldmakeaprogrammingguidethat'satleastas
longasthisbookonanyoftheseparatelanguagesinhere.Iwillgive
youenoughinformationtogetstarted.lwillwalkyouthroughexamples
ineachlanguages,andyou’llseeexamplesofthoseprograms.Iwilldo
mybesttocompileeverythingandmakesureitallruns.Butlcouldn’t
supportyourprogrammingeffortseveniflwanted.

Thelanguageson thislistallhave exceptional supportcommunities.
That’spartofthereasonlpickedthem.Ineachoftheexercises,Itryto
haveasectionthatasksyoutofindresources.Thisideaisintentional.
Itwillmakeyouself-reliant.

IAmGoingtoPushY ou Hard

This book is going to take you one step beyond your twenty-minute
tutorial. Y’u = know Google aswellasIdo, and you'll be able to find
oneofthosesimpleprimersforeverylanguageonthislist. Iwillgive
youaquickinteractive tour. ol alsogetsome small programming
challengesand one programming projecteveryweek. It’snotgoingto
beeasy,butitwillbeinformativeandfun.

Ifyousimplyreadthisbook,you’llexperiencetheflavorofthesyntax
andnomore. Ifyoulookonlinefortheanswersbeforetryingtocode
theexercisesyourself,you'llfail. Yuwillwanttotrytheexercisesfirst,
fully recognizing thatyou’ll fail at a few of them. Learning syntaxis
alwayseasierthanlearningtoreason.

Ifyou find yourself nervous after reading this description, I suggest
thatyouputdownthisbookandpickupanother.Ymwon’'tbehappy
withme.Yi1 ~ would probablybebetterservedbysevendifferent pro-
grammingbooks.Butifyoufindyourselfexcitedabouttheprospectof
codingbetterquickly,let’'spushon.

1.5 AFinalCharge

Atthispoint,lexpectedtohavesomesweeping, motivationalwordsto
say,butitallseemedtoboildowntotwowords.

Havefun.
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Aspoonfulofsugarmakesthemedicinegodown.
» MaryPoppins

Chapter 2

If you are sampling this book, chances are we have something in
common:learningprogramminglanguagesintriguesus.Tome,learn-
ingalanguageislikelearningacharacter. Throughoutmycareer,I've
experiencedscoresoflanguagesfirsthand. Likeanyperson,eachlan-
guagetookonadistinctpersonality.Javawaslikehavingarichlawyer
asabrother. Hewasfunwhenhewasyounger,butnowhe’sablack
hole that sucks away all the joy in a 100-mile radius. \&d Basic

was like that bleached-blond cosmetologist. She’s not going to solve
globalwarming,butshe’salwaysgoodforahaircutandtremendously
funtotalkto.Throughoutthebook,Iwillcomparethelanguagesyou
willencountertopopularcharacters.Thopethecomparisonswillhelp
youunlockalittlebitaboutthe characterthatmakeseachlanguage
special.

MeetRuby,oneofmyfavorites.She’ssometimesquirky,alwaysbeau-
tiful,alittlemysterious,andabsolutelymagical. ThinkMaryPoppins,
the British nanny. At the time, most nannies were like most of the

C family of languages—draconian beasts who were mercilessly effi-
cientbutaboutasfunastakingthatshotofcodliveroileverynight.
Vhaspoonfulofsugar,everythingchanged. MaryPoppinsmadethe
household more efficient by making it fun and coaxing everylastbit
ofpassionfromhercharges.Rubydoesthesamethingandwithmore
syntacticsugar 2 thanaspoonful. Matz, Ruby’screator, doesn’tworry

1. MaryPoppins .DVD.DirectedbyRobertStevenson.1964;LosAngeles, CA:WiDis-
ney\in2004.

2. Syntactic sugar describes alanguage feature that makes code easier toread and
write,thoughtherearealternativewaystoexpressthesamecode.
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abouttheefficiencyofthelanguage. Heoptimizestheefficiencyofthe
programmers.

2.1 QuickHistory

Y Matsumoto created Ruby in about 1993. Most people just
callhimMatz.Asalanguage, Rubyisaninterpreted, object-oriented,
dynamically typed language from a family of so-called scripting lan-
guages.InterpretedmeansthatRubycodeisexecutedbyaninterpreter
ratherthanacompiler.Dynamicallytypedmeansthattypesarebound
atexecutiontimeratherthancompiletime.Ingeneral,thetrade-offfor
suchastrategyisflexibilityversusexecutionsafety, butwe’llgetinto
thatalittlemorelater. Object-oriented means thelanguage supports
encapsulation (dataandbehaviorare packagedtogether), inheritance
throughclasses(objecttypesareorganizedinaclasstree), and poly-
morphism(objectscantakemanyforms).Rubypatientlywaitedforthe
right moment and then burst onto the scene around 2006 with the
emergenceoftheRailsframework.Afterwanderingfortenyearsinthe
enterprise jungles, programming was fun again. Ruby is not hugely
efficientintermsofexecutionspeed, butitmakes programmersvery
productive.

InterviewwithYib (Matz)Matsumoto

Ihadthepleasuretotravel to Matsumotosan’shometownofMatsue,
Japan.W hadthechancetohavesomeconversationsaboutthefoun-
dationsofRuby,andheagreedtoanswersomequestionsforthisbook.

Bruce: WhydidyouwriteRuby?

Matz: Rightafterlstartedplayingwithcomputers,Igotinterestedin
programming languages. They arethe means of programming but also
enhancers foryourmindthatshapethewayyouthinkaboutprogram-
ming. So for along time, for a hobby, I studied a lot of programming
languages.levenimplementedseveraltoylanguagesbutnoelones.

In1993,whenlsawPerl,wassomehowinspiredthatanobject-oriented
language that combines characteristics from Lisp, Smalltalk, and Perl
would be a great language to enhance our produictivity. So, I started
developing such alanguage and named it Ruby. The primary motiva-
tionwastoamusemyself.Itwasmerehobbyatthebeginning, tryingto
createalanguagethatfitmytaste.Somehow,otherprogrammersallover
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theworldhavefeltsympathyforthatlanguageandthepolicybehindit.
Anditbecameverypopular,farbeyondmyexpectation.

Bruce: Whatisthethingyoulikeaboutitthemost?

Matz: Iliketheway it makes my programming enjoyable. As apar-
ticulartechnicalissue, Ilikke blocks most. They aretamed higher-order
functions but open up great possibilities in DSL and other features as
well.

Bruce: Whatisafeaturethatyouwouldliketochange,ifyoucouldgo
backintime?

Matz: Iwouldmeethethreadandadd actorsorsomeothermore
advancedconcurrencyfeatures.

Asyouread through this chapter, whether or not you already know
Ruby, trytokeepaneyeoutfortrade-offsthatMatzmadealongthe
way.Lookforsyntacticsugar,thoselittlefeaturesthatbreakthebasic
rulesofthelanguagetogiveprogrammersalittlefriendlierexperience
andmakethecodealittleeasiertounderstand.FindplaceswhereMatz
usedcodeblocksformarvelouseffectincollectionsandelsewhere.And
trytounderstandthetrade-offsthathemadealongthewaybetween
simplicityandsafetyandbetweenproductivityandperformance.

Let’'sgetstarted. TakeapeekatsomeRubycode:

>>properties=[ 'objectoriented' , 'ducktyped' , 'productive', 'fun']
=>[ "objectoriented" , "ducktyped" , "productive", "fun"]
>>properties.each{|property|puts "Rubyis#{property}." }
Rubyisobjectoriented.

Rubyisducktyped.

Rubyisproductive.

Rubyisfun.

=>[ "objectoriented" , "ducktyped" , "productive", "fun"]

Rubyisthelanguage thattaughtmetosmile again. Dynamictothe
core,Rubyhasamarveloussupportcommunity. Theimplementations
areallopensource.Mostcommercialsupportcomesfromsmallercom-
panies, and thathasinsulated Ruby from some of the over-reaching
frameworksthatplaguesomeotherkingdoms. Rubyhasbeenslowto
catchonintheenterprise, butit’stakingholdnowonthestrengthof
itsproductivity,especiallyintheareaofwebdevelopment.
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2.2 Dayl:FindingaNanny

Allmagicaside MaryPoppinsisfirstandforemostagreatnanny. When
youfirstlearnalanguage,yourjobistolearnhowtouseittodothe
jobsyou already know how to do. Treat this first conversation with
Rubyasadialogue. Doestheconversationflowfreely, orisitunnec-
essarilyawkward?What’s the core programming model? Howdoes it
treattypes?Let’sstartdiggingforsomeanswers.

Lightningtur
Aspromised,'mnotgoingtotakeyouthroughanexhaustiveoutdated
installationprocess,butinstallingRubyisasnap.Justgoto http://www.

ruby-lang.org/en/downloads/, findyourplatform,andinstallRuby 1.8.6
ormewer.JamrunningRubyversionl.8.7forthischapter,andversion
1.9willhave someslightdifferences. Ifyou're on Wiiws there’sa
one-click installer that will work, and if you'’re on OS X Leopard or
greater,RubycomeswiththeXcodedisks.

Totestyourinstallation,justtype irb.Ifyoudon’tseeanyerrors,you're
readytohandletherestofthischapter.Ifyoudo,don’tbeshy. \&
fewinstallationproblemsareunique.Googlewillshowtheway.

UsingRubywiththeConsole

Ifyouhaven’tdoneso,type irb.YiashouldseeRuby’sinteractivecon-
sole. Yltypeacommandandgetaresponse.Givetheseatry:

>>puts'hello,world’
hello,world

=>nil

>>1anguage="'Ruby'
=>"Ruby"

>>puts"hello, #{1anguage}"
hello,Ruby

=>nil

>>1anguage="myRuby'
=>"myRuby"
>>puts"hello,#{1anguage}"
hello,myRuby

=>nil

Ifyoudon’talreadyknowRuby,thisbriefexamplegivesyoumanyclues
aboutthelanguage. Ya1 knowthat Rubycanbeinterpreted. Infact,
Rubyisalmostalwaysinterpreted,thoughsomedevelopersareworking

onvirtualmachinesthatcompileRubytobytecodeasitgetsexecuted.
Ididn’tdeclareanyvariables. Everythingldidreturnedavalue, even
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whenldidn’taskRubytoreturnanything.Infact,everypieceofcode
inRubyreturnssomething.

Yu alsosawatleasttwotypesofstrings. Onequotearoundastring
meansthestringshouldbeinterpretedliterally, andtwoquotesleads
tostringevaluation.OneofthethingsthattheRubyinterpreterevalu-
atesisstringsubstitution.Inthisexample,Rubysubstitutedthevalue
returnedbythecode language intothestring.Let’'skeepgoing.

TheProgrammingModel

Oneofthefirstquestionsaboutalanguageyoushouldansweris,“What

is the programming model?” It’s not always a simple answer. Yae
probablybeenexposedtoprocedurallanguagessuchasC,Fortran,or
Pascal. Mostofusareusingobject-orientedlanguagesrightnow, but
manyofthoselanguageshaveproceduralelementstoo.Forexample, 4
indavaisnotanobject. Yimmayhavepickedupthisbooktoexplore
functionalprogramminglanguages. Someofthoselanguagessuchas
Scala mix programming models by throwing in object-oriented con-
cepts.Therearedozensofotherprogrammingmodelsaswell. Stack-
basedlanguages suchasPostScriptorForthuseoneormorestacks
as acentral feature of the language. Logic-based languages such as
Prologbuild aroundrules. Prototypelanguageslikelo, Lua, and Self
usetheobject,nottheclass,asthebasisforobjectdefinitionandeven
inheritance.

Rubyisapureobject-orientedlanguage.Inthischapter,you'llseejust
howfarRubytakesthisconcept.Let’slookatsomebasicobjects:
>>4
=>4
>>4.class
=>Fixnum
>>4+4
=>8
>>4.methods
=>["inspect","%","<<","singleton_method_added", "numerator", ...

et ML o i "methods”, . . .

]
I'veomittedsomeofthemethodsfromthislist,butyougetthepicture.
Justabouteverythingin Rubyis an object, down to each individual
number.Anumberisanobjectthathasaclasscalled Fixnum,andthe
methodcalled methods returnsanarrayofmethods(Rubyrepresents
arraysinsquarebrackets).Infact,youcancallanymethodonanobject
withthedotoperator.
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Decisions

Programsexisttomakedecisions,soitstandstoreasonthatthewaya
languagemakesdecisionsisacentralconceptthatshapesthewayyou
code,andthink,inagivenlanguage.Rubyislikemostobject-oriented
andprocedurallanguagesinmanyways.Checkouttheseexpressions:

>>Xx=4

=>4

>>x<5

=>true
>>x<=4
=>true

>>Xx>4
=>false
>>false.class
=>FalseClass
>>true.class

=>TrueClass

So, Rubyhasexpressionsthatevaluateto frue or & .True toform,
frue and &  arealsofirst-classobjects. Yaicanconditionallyexecute
codewiththem:

>>x=4

=>4

>>puts'Thisappearstobefalse. 'unlessx==4

=>nil

>>puts'Thisappearstobetrue. 'ifx==
Thisappearstobetrue.

=>nil

>>1fx==4

>>  puts'Thisappearstobetrue.'
>>end

Thisappearstobetrue.

=>nil

>>unlessx==

>>  puts'Thisappearstobefalse.'
>>else

?> puts'Thisappearstobetrue.'
>>end

Thisappearstobetrue.

=>nil

>>puts'Thisappearstobetrue. 'ifnottrue
=>nil
>>puts'Thisappearstobetrue. 'if!true
=>nil

Ireallylike Ruby’sdesignchoiceforsimpleconditionals. Ymcanuse
bothblockforms( if condition, statements, end)orone-lineforms( state-
ment if condition)whenyoureworkingwith  if or unless.Tosome, the
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one-lineversionofthe if isoff-putting. Tome,itallowsyoutoexpressa
singlethoughtinalineofcode:

order.calculate_taxunlessorder.nil ?

Sure,youcanexpressthepreviousinablock,butyouwouldaddaddi-
tionalnoise towhatshould beasingle, coherent thought. Whenyou
candistillasimpleideaintooneline,youmakereadingyourcodeless
ofaburden.lalsoliketheideaof unless. Y1 couldexpressthesame
ideawith not or !,but unless expressestheideamuchbetter.

while and until aresimilar:

>>x=x+1whilex<10
=>nil

>>X

=>10
>>X=x-luntilx==1
=>nil

>>X

=>1

>>whilex<10

>> x=X+1

>> putsx

>>end

O oO~NOUUVIA WN

10
=>nil

Noticethat = isforassignmentand == testsforequality.InRuby,each
objectwillhaveitsnotionofequality.Numbersareequaliftheirvalues
areequal.

Yacanusevaluesotherthan frue and & asexpressionstoo:

>>puts'Thisappearstobetrue. 'ifl
Thisappearstobetrue.

=>nil
>>puts'Thisappearstobetrue.'if'randomstring'
(irb):31:warning:stringliteralincondition
Thisappearstobetrue.

=>nil

>>puts'Thisappearstobetrue.'if0
Thisappearstobetrue.

=>nil
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>>puts'Thisappearstobetrue. 'iftrue
Thisappearstobetrue.

=>nil
>>puts'Thisappearstobetrue. 'iffalse
=>nil
>>puts'Thisappearstobetrue. 'ifnil
=>nil

So,everythingbut niland & evaluateto true.CandC++programmers,
takenote. O is true!

Logical operators work like they doin C, C++, C#, and Java, witha
fewminorexceptions. and (alternatively&&)isalogicaland. or (alter-
natively ||)isalogicalor.Whthesetests,theinterpreterwillexecute
codeonlyuntilthevalueofthetestisclear.Use&or | tocomparewhile
executingthewholeexpression.Herearetheseconceptsinaction:

>>trueandfalse
=>false
>>trueorfalse
=>true
>>false&&false
=>false

>>true&&this_will_cause_an_error
NameError:undefinedlocalvariableormethod this_will_cause_an_error'
formain:Object
from(irb):59
>>false&&this_will_not_cause_an_error
=>false
>>trueorthis_will_not_cause_an_error
=>true
>>true| |this_will_not_cause_an_error
=>true
>>true|this_will_cause_an_error
NameError:undefinedlocalvariableormethod this_will_cause_an_error'
formain:Object
from(irb):2
from:0
>>true|false
=>true

There’snomagichere. Yiinormallyusetheshort-circuitversionof
thesecommands.

DuckTyping

Let’'sgetintoRuby’stypingmodelalittle. Thefirstthingyouneedto
know is how much protection Ruby will give you when you make a
mistakewithtypes.We talkingabouttypesafety.Stronglytypedlan-
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guageschecktypesforcertainoperationsand check thetypesbefore
youcandoanydamage.Thischeckcanhappenwhenyoupresentthe
codetoaninterpreteroracompilerorwhenyouexecuteit. Checkout
thiscode:
>>4+"' four'
TypeError:Stringcan'tbecoercedintoFixnum

from(irb) :51:in"+"'

from(irb):51

>>4.class
=>Fixnum
>>(4.0).class
=>Float

>>4+4.0
=>8.0

So, Ruby is strongly typed, 2 meaningyou’ll get an error when types

collide. Rubymakesthesetypechecksatruntime,notcompiletime.
I'mgoingtoshowyouhowtodefineafunctionalittlebeforelnormally
wouldtoprovethepoint.Thekeyword def definesafunctionbutdoesn’t
executeit.Enterthiscode:
>>defadd_them_up
>> 4+'four'
>>end
=>nil
>>add_them_up
TypeError:Stringcan'tbecoercedintoFixnum
from(irb) :56:in"+"'
from(irb):56:1in add_them_up'
from(irb):58

So, Rubydoesnotdotypecheckinguntilyouactually try toexecute
code.Thisconceptiscalled dynamictyping .Therearedisadvantages:
youcan’'tcatchasmanyerrorsasyoucanwithstatictypingbecause
compilersandtoolscancatchmoreerrorswithastaticallytypedsys-

tem. But Ruby’s type system also has several potential advantages.

Yar classes don’t have to inherit from the same parent to be used
inthesameway:

>>1=0
=>0

3. I'mlying toyoualittle, but only alittle. Two examples from here, you'll see me
changeanexistingclassatruntime.Theoretically,ausercanchangeaclassbeyondall
recognitionanddefeattypesafety,sointhestrictestsense, Rubyisnotstronglytyped.
Butforthemostpart,Rubybehaveslikeastronglytypedlanguagemostofthetime.
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>>a=["'100",100.0]
=>["'100",100.0]
>>whilei<2

>> putsa[i].to_i
>> =i+l

>>end

100

100

Yu justsawducktypinginaction. Thefirstelementofthearrayis

a String,andthesecondisa Float. Thesamecodeconvertseachtoan
integervia to_i.Ducktypingdoesn’tcarewhattheunderlyingtypemight
be.Ifitwalkslikeaduckandquackslikeaduck,it’'saduck. Inthis
case,the quack methodis to_i.

Duck typing is extremely important when it comes to clean object-
oriented design. An important tenet of design philosophy is to code
tointerfacesratherthanimplementations.Ifyou’reusingducktyping,
thisphilosophyiseasytosupportwithverylittleadded ceremony. If
anobjecthas push and pop methods,youcantreatitlikeastack.Ifit
doesn’t,youcan’t.

WhatWelLearnedinDay 1

Sofar,you'vejustwadedthroughthebasics.It'saninterpretedobject-
orientedlanguage.Justabouteverythingisanobject,andit’seasyto
getatanyobject’'sparts,likethemethodsandtheclass.Rubyisduck
typed,andRubybehavesmostlylikeastronglytypedlanguage,though
someacademicswouldarguewith thatdistinction. It'safree-spirited
languagethatwillletyoudojustaboutanything, includingchanging
coreclasseslike NilClass and String.Nowletmeturnyoulooseforalittle
self-study.

Day1Self-Study

So,you’vehadyourfirstdatewithRuby.Now,it'stimetowritealittle
code.Inthissession,you'renotgoingtowritewholeprograms.Instead,
you'lluse irb toexecuteafewRubysnippets. Asalways,youcanfind
theanswersinthebackofthebook.

Find:
* TheRubyAPI

* Thefreeonlineversion of Programming Ruby: The Pragmatic Pro-
grammer’sGuide | |
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¢ Amethodthatsubstitutespartofastring
¢ InformationaboutRuby’sregularexpressions
¢ InformationaboutRuby’sranges
Do:
¢ Printthestring“Hello,world.”
¢ Forthestring “Hello,Ruby,”findtheindexoftheword“Ruby.”
* Printyournametentimes.

¢ Printthestring“Thisissentencenumberl,”wherethenumber1
changesfrom1to10.

* RunaRubyprogramfromafile.

* Bonusproblem: Ifyou'refeelingtheneed foralittlemore, write
aprogramthatpicksarandomnumber. Leta player guess the
number,tellingtheplayerwhethertheguessistoolowortoohigh.

(Hint: od willgeneratearandomnumber fromOto 9, and
gets willreadastringfromthekeyboardthatyoucantranslateto
aninteger.)

2.3 Day2:FloatingDownfromtheSky

Atthetime, oneofthemoststrikingscenesin MaryPoppins washer
entrance. She floated into town on her umbrella. My kids will never
understandwhythatentrancewasgroundbreakingstuff.Today, you're
going to experience a little bit of the magic that makes Ruby click.
Yllearntousethebasicbuildingblocksofobjects,collections,and

classes. Yl alsolearnthebasics of the code block. Open upyour
mindtoalittlemagic.

DefiningFunctions
UnlikeJavaand C#.youdon’'thavetobuildawholeclasstodefinea

function.Yacandefineafunctionrightintheconsole:

>>deftell_the_truth
>> true
>>end

Everyfunctionreturnssomething.Ifyoudonotspecifyanexplicitre-
turn, the function will return the value of the last expression that’s
processedbeforeexiting.Likeeverythingelse,thisfunctionisanobject.
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Later,we’llworkonstrategiestopassfunctionsasparameterstoother
functions.

Arrays

Arraysare Ruby’sworkhorse ordered collection. Ruby 1.9introduces
orderedhashestoo,butingeneral,arraysareRuby’sprimaryordered
collection.Takealook:

>>animals=['lions', 'tigers’', 'bears']
=>["Tions","tigers","bears"]
>>putsanimals

Tions

tigers

bears

=>nil

>>animals[0]
=>"1ions"
>>animals[2]
=>"bears"
>>animals[10]

=>nil

>>animals[-1]
=>"bears"
>>animals[-2]
=>"tigers"
>>animals[0..1]
=>['Tions"', 'tigers']
>>(0..1).class
=>Range

Yu canseethatRuby collectionswill giveyousome freedom. Ifyou

access any undefined array element, Rubywill simplyreturn nil. Yax
willalsofindsomefeaturesthatdon’'tmakearraysmorepowerfulbut

just make them easier to use. animals]-1] returned the first element
fromtheend, animals[-2] returned the second, and so on. These fea-
turesarecalled syntacticsugar ,anaddedfeatureforconvenience.The
animals[0..1] expressionmightlooklikesyntacticsugar,butit’snot. 0.1
isactuallya Range,meaningallnumbersfromOtol,inclusive.

Arrayscanholdothertypesaswell:

>>a[0]=0

NameError:undefinedlocalvariableormethod a'formain:Object
from(irb):23

>>a=[]

=>[]
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Oops.Itriedtouseanarraybeforeitwasanarray.Thaterrorgivesyou
acluetothewayRubyarraysandhasheswork. [] isactuallyamethod
on Array:

>>[1].class

=>Array

>>[1] .methods.include?('[]1")

=>true

>>#use[1] .methods.include?(:[])onrubyl.9

So, [] and []= arejustsyntacticsugartoallowaccesstoanarray.Todo
thisright,Ineedtoputanemptyarrayintoitfirst,andthenlcanplay
aroundwithitsome:

>>a[0]="zero'

=>"zero"

>>a[l]=1

=>1

>>a[2]=["two"', "things']
=>["two","things"]

>>a
=>["zero",1,["two","things"]]

Arraysdon’tneedtobehomogeneous.

>>a=[[1,2,3],[10,20,30],[40,50,60]]
=>[[1,2,3],[10,20,30],[40,50,60]]
>>a[0][0]

=1

>>a[1]1[2]

=>30

Andmultidimensionalarraysarejustarraysofarrays.

>>a=[1]
=>[1]
>>a.push(l)
=>[1,1]
>>a=[1]
=>[1]
>>a.push(2)
=>[1,2]
>>a.pop

=>2

>>a.pop
=1

Arrayshaveanincrediblyrich API. Ya1 canuseanarrayasaqueue,
alinkedlist,astack,oraset.Now,let’stakealookattheothermajor
collectioninRuby,thehash.
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Hashes

Rememberthatcollectionsarebucketsforobjects.Inthehashbucket,
everyobjecthasalabel. Thelabelisthekey,andtheobjectisthevalue.
Ahashisabunchofkey-valuepairs:

>>numbers={1=>"'one',2=>"two'}
=>{1=>"one",2=>"two"}

>>numbers[1]

=>"one"

>>numbers[2]

=>"two"

>>stuff={:array=>[1,2,3], :string=>"Hi,mom! '}
=>{:array=>[1,2,3], :string=>"Hi,mom!"}
>>stuff[:string]

=>"Hi,mom!"

Thisisnottoocomplicated Ahashworksalotlikeanarray,butinstead
ofanintegerindex,thehashcanhaveanyarbitrarykey.Thelasthash
isinteresting because I'm introducing a symbol for the first time. A
symbolisanidentifierprecededwithacolon,like :symbol.Symbolsare
greatfornamingthingsorideas. Althoughtwostringswiththesame
valuecanbedifferentphysicalstrings,identicalsymbolsarethesame
physicalobject.Yi1  cantellbygettingthe uniqueobjectidentifier of
thesymbolseveraltimes,likeso:

>>"string'.object_id

=>3092010

>>"string'.object_id

=>3089690

>>:string.object_id

=>69618

>>:string.object_id

=>69618

Hashes sometimes showupinunusual circumstances. Forexample,
Rubydoesnotsupportnamedparameters,butyoucansimulatethem
withahash. Throwinalittle syntacticsugar,andyoucanget some
interestingbehavior:

>>deftell_the_truth(options={})

>> ifoptions[:profession]==:T1awyer

>> 'itcouldbebelievedthatthisisalmostcertainlynotfalse.'
>> else

>> true

>> end

>>end

=>nil

>>tel1_the_truth

=>true
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>>tel1_the_truth:profession=>:1awyer
=>"itcouldbebelievedthatthisisalmostcertainlynotfalse."

Thismethodtakesasingleoptionalparameter.Ifyoupassnothingin,

options willbesettoanemptyhash.Ifyoupassina :profession of :lawyer,
youwillget somethingdifferent. Theresultisnotfully true, butitis
almostjustasgood,becausethesystemwillevaluateitas frue.Notice
thatyoudidn’thavetotypeinthebraces. Thesebracesareoptional
forthelastparameterofafunction. Sincearrayelements, hashkeys,
andhashvaluescanbealmostanything,youcanbuildsomeincredibly
sophisticateddatastructuresinRuby,buttherealpowercomeswhen
youstarttogetintocodeblocks.

CodeBlocksandYield

Acodeblockisafunctionwithoutaname.Yncanpassitasaparam-
etertoafunctionoramethod.Forexample:
>>3.times{puts'hiyathere,kiddo'}

hiyathere,kiddo

hiyathere,kiddo
hiyathere, kiddo

Thecodebetweenbracesiscalleda codeblock . times isamethodon
Fixnum thatsimplydoes something some number oftimes, wheresome-
thingisacodeblockand number isthevalueofthe  Fixnum.Ya1 can
specifycodeblockswith  {/} or do/end.ThetypicalRubyconventionis
tousebraceswhenyourcodeblockisononelineandusethe do/end
formwhenthecodeblocksspanmorethanoneline. Codeblockscan

takeoneormoreparameters:
>>animals=['Tionsand', 'tigersand’', 'bears', 'ohmy']

=>["1ionsand","tigersand","bears","ohmy"]
>>animals.each{|a|putsa}

Tionsand

tigersand

bears

ohmy

Thiscodebeginstodisplaythepowerofthecodeblock.Thatcodetold
Rubywhattodoforeveryiteminthecollection. Whafractionofthe
syntax,Rubyiteratedovereachoftheelements, printingeachone.To
reallygetafeelforwhat’sgoingon, here’sacustomimplementationof
the times method:

>>classFixnum
>> defmy_times
>> i=self
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>> whilei>0
>> i=i-1
>> yield
>> end

>> end

>>end

=>nil
>>3.my_times{puts'mangymoose'}
mangymoose
mangymoose
mangymoose

Thiscodeopensupanexistingclassandaddsamethod.Inthiscase,

themethodcalled nyires loopsasetnumberoftimes, invokingthe
codeblockwith vyield.Blockscanalsobefirst-classparameters.Check
outthisexample:

>>defcall_block(&block)

>> block.call

>>end

=>nil

>>defpass_block(&block)

>> call_block(&block)

>>end

=>nil
>>pass_block{puts'Hello,block'}
Hello,block

Thistechniquewillletyoupassaroundexecutablecode.Blocksaren’t
justforiteration.InRuby,you’lluseblockstodelayexecution...

execute_at_noon{puts'Beepbeep...timetogetup'}

conditionallyexecutesomething...

...somecode. ..

in_case_of_emergencydo
use_credit_card
panic

end

defin_case_of_emergency
yieldifemergency?

end

...morecode. ..

enforcepolicy...

within_a_transactiondo
things_that
must_happen_together
end
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defwithin_a_transaction
begin_transaction
yield
end_transaction

end

and many other places. Yl see Ruby libraries that use blocks to
processeachlineofafile,doworkwithinanHTTPtransaction,anddo
complexoperationsovercollections.Rubyisablockparty.

RunningRubyfromaFile

The code examples are getting a little more complicated, so working

from the interactive console isn’t all that convenient anymore. Yl

usethe consoletoexploreshortbitsofcode, butyou’ll primarily put

your code intofiles. Create afile called hellorb. Y1 canincludeany
Rubycodethatyou’dlike:

puts 'hello,world’

Saveittoyourcurrentdirectory,andthenexecuteitfromthecommand
line:

batate$rubyhello.rb
hello,world

AfewpeopleareusingRubyfromfullintegrateddevelopmentenviron-
ments,butmanyarehappytouseasimpleeditorwithfiles.Myfavorite
isTextMate,butvi,emacs,andmanyotherpopulareditorshaveRuby
plug-ins.Vihthisunderstandinginourbackpocket,wecanmoveon
tothereusablebuildingblocksofRubyprograms.

DefiningClasses

LikeJava, C#, and C++, Ruby has classes and objects. Think cookie
cutterand cookie—classesaretemplatesforobjects. Of course, Ruby
supportsinheritance. Unlike C++,aRubyclasscaninheritfromonly
oneparent,calleda superclass.Toseeitallinaction,fromtheconsole,
typethefollowing:

>>4.class

=>Fixnum

>>4.class.superclass

=>Integer

>>4.class.superclass.superclass

=>Numeric

>>4.class.superclass.superclass.superclass

=>0bject
>>4.class.superclass.superclass.superclass.superclass
=>nil
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4 3\

Object

T

4 )\

Module

T

Class Numeric
_—

Integer

Fixnum <+— 4 I

Figure2.1:Rubymetamodel

i

Sofar,sogood.Objectsarederivedfromaclass.The 4&'sclassis  Fixnum,
whichinheritsfrom Integer, Numeric,andultimately Object.

CheckoutFigure2.1toseehowthingsfittogether. Everythingeven-
tuallyinheritsfrom Object.A Class isalsoa Module.Instancesof Class

serveastemplatesforobjects.Inourcase, Fixnum isaninstanceofa
class,and 4 isaninstanceof Fixnum.Eachoftheseclassesisalsoan
object:

>>4.class.class

=>Class

>>4.class.class.superclass

=>Module

>>4.class.class.superclass.superclass

=>0bject

So, Fixnum isderived from theclass  Class. From there, it really gets
confusing.Classinheritsfrom Module,and Module inheritsfrom Object.
Whenallissaidanddone,everythinginRubyhasacommonancestor,

Object.
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Download ruby/tree.rb

classTree
attr_accessor:children, :node_name

definitialize(name,children=[])
@children=children
@node_name=name

end

defvisit_all(&block)
visit&block
children.each{|c|c.visit_all&block}
end

defvisit(&bTock)
block.callself
end
end

ruby_tree=Tree.new( "Ruby",
[Tree.new("Reia"),
Tree.new( "MacRuby")1)

puts "Visitinganode"
ruby_tree.visit{|node|putsnode.node_name}
puts

puts "visitingentiretree"
ruby_tree.visit_all{|node|putsnode.node_name}

This power-packed classimplements avery simple tree. It has three
methods, initialize, visit,and visit_all,andtwoinstancevariables,  children
and node_name. initialize hasspecialmeaning. Rubywillcallitwhenthe
classinstantiatesanewobject.

IshouldpointoutafewconventionsandrulesforRuby.Classesstart

with capitalletters and typically use CamelCase todenote capitaliza-
tion.Ym mustprependinstancevariables(onevalueperobject)with

@ andclassvariables(onevalueperclass)with @@.Instancevariables
andmethodnamesbeginwithlowercaselettersinthe underscore_style.
Constantsarein ALL_CAPS. This code defines atree class. Eachtree
hastwoinstancevariables: =~ @children and @node_name.Functionsand
methodsthattesttypicallyuseaquestionmark( iffest? ).

The attr keyword defines aninstancevariable. Several versions exist.
Themostcommonare attr (defininganinstancevariableandamethod
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ofthesamenametoaccessit)and attr_accessor, defininganinstance
variable,anaccessor,andasetter.

Our dense program packs a punch. It uses blocks and recursion to

allow any user tovisitallnodes inatree. Eachinstance of B has
onenodeofatree.The initialize methodprovidesthestartingvaluesfor
children and node_name.The visit methodcallstheinboundcodeblock.
The visit_all method calls visit for the node and then recursively calls
visit_all foreachofthechildren.

TheremainingcodeusestheAPI.Itdefinesatree,visitsonenode,and
thenvisitsallnodes.Runningitproducesthisoutput:

Visitinganode
Ruby

visitingentiretree

Ruby

Reia

MacRuby

Classesareonly partofthe equation. Yae briefly seen modulesin
thecodeonpage42.Let’'sgobackandtakeacloserlook.

WritingaMixin

Object-oriented languages use inheritance to propagate behavior to
similar objects. When the behaviors are not similar, either you can
allow inheritance from more than one class (multiple inheritance) or

you can look to another solution. Experience has shown that multi-
pleinheritanceis complicated and problematic. Javausesinterfaces
tosolvethisproblem. Rubyusesmodules. A module isacollectionof
functionsandconstants.Whenyouincludeamoduleaspartofaclass,
thosebehaviorsandconstantsbecomepartoftheclass.

Takethisclass,whichaddsa to_f methodtoanarbitraryclass:
Download ruby/to_file.rb

moduleToFile
deffilename
"object_#{self.object_id}.txt"
end

defto_f
File.open(filename, 'w'){|f|f.write(to_s)}
end
end
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classPerson
includeToFile
attr_accessor:name

definitialize(name)
@name=name
end

defto_s
name
end
end

Person.new( 'matz').to_f

Startwith the module definition. This module has twomethods. The
to_f methodwritesthe outputofthe to_s methodtoafilewith afile-
namesuppliedbythe filename method.What'sinterestinghereisthat
to_s is used in the module butimplemented in the class! The class
hasnotevenbeendefinedyet. Themoduleinteractswiththeincluding
classatanintimatelevel. Themodulewilloftendependonseveralclass
methods.WhJava, thiscontractisexplicit: theclasswillimplement
aformalinterface. Wh Ruby, thiscontractisimplicit, throughduck
typing.

Thedetailsof Rsn  arenotatallinteresting,andthat’sthepoint.The
Rzn  includesthemodule,andwe’redone.Theabilitytowritetoafile
hasnothingtodowithwhetheraclassisactuallya Ren W addthe
capabilitytoaddthecontentstoafilebymixinginthecapability. W
canaddnewmixinsandsubclassesto Ren ,andeachsubclasswill
have the capabilities of all the mixins without having to know about
themixin’simplementation. Whenallissaidanddone,youcanusea
simplified singleinheritancetodefinetheessenceofaclassandthen
attachadditionalcapabilitieswithmodules.Thisstyleofprogramming,
introducedinFlavorsand used inmanylanguagesfrom Smalltalk to
Python,iscalleda mixin.Thevehiclethatcarriesthemixinisnotalways
calledamodule ,butthepremiseisclear.Singleinheritanceplusmixins
allowforanicepackagingofbehavior.

Modules,Enumerable,andSets

A couple ofthe most critical mixinsin Ruby are the enumerable and
comparable mixins.Aclasswantingtobe enumerable mustimplement
each,andaclasswantingtobe comparable mustimplement <=>.Called
the spaceship operator, <=>isasimplecomparisonthatreturns-1if
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b isgreater, 1if a isgreater,andOotherwise.Inexchangeforimple-
mentingthesemethods, enumerable and comparable providemanycon-
veniencemethodsforcollections.Crackopentheconsole:

>> 'begin'<=>'end'

=>-1

>>"same'<=>"same'

=>0

>>a=[5,3,4,1]
=>[5,3,4,1]

>>a.sort

=[1,3,4,5]
>>a.any?{|1i]|i>6}

=>false

>>a.any?{|i|i>4}

=>true

>>a.all1?{|i|i>4}

=>false

>>a.all1?{|i|i>0}

=>true

>>a.collect{|i|i % 2}
=>[10,6,8,2]
>>a.select{|i]|i%2==0}#even
=>[4]
>>a.select{|i]|i%2==1}#odd
=>[5,3,1]

>>a.max

=>5

>>a.member?(2)

=>false

any? returns frue iftheconditionistrueforany ofthe elements; all?
returns true iftheconditionistrueforallelements. Sincethespace-
shipisimplementedontheseintegersthrough Fixnum,youcan sort and
computethe min or nx .

Yucanalsodoset-basedoperations. collect and mp applyafunction
toeachoftheelementsandreturnanarrayoftheresults. find finds
oneelementmatchingthecondition,andboth select and find_all return
allelementsmatchingacondition. Yarcanalsocomputethetotalofa
listortheproductwith inject:

>>a

=>[5,3,4,1]

>>a.inject(0) {|sum,i|sum+i}

=>13

>>a.inject{|sum,i|sum+i}

=>13

>>a.inject{|product,i|product % i}

=>60
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inject seemstricky, butit’snottoocomplicated.Ittakesacodeblock
withtwoargumentsandanexpression.Thecodeblockwillbeexecuted
foreachiteminthelist,with inject passingeachlistelementtothecode
blockasthesecondargument. Thefirstargumentistheresultofthe
previousexecutionofthecodeblock.Sincetheresultwon’thaveavalue
thefirsttimethecodeblockisexecuted,youjustpasstheinitialvalue
astheargumenttoinject. (Ifyoudon’tspecifyavalue, inject willuse
thefirstvalueinthecollection.)Takeasecondlook,withalittlehelp:
>>a.inject(0)do|sum,1|

?> puts"sum:#{sum} i:#{i} sum+i :#{sum+i}"

7> sum+i

?>end

sum:0 i:5 sum+i:5

sum:5 i:3 sum+i:8

sum:8 i:4 sum+i:l2

sum:12 i:1 sum+i:13

As expected, the result of the previous line is always the first value
passedtothenextline. Using inject,youcancomputethewordcount

ofmanysentences, findthelargestwordinaparagraphoflines,and
domuchmore.

WhatWelearnedinDay2

ThisisyourfirstchancetoseesomeofRuby’ssugarandalsoalittleof
themagic. YoestartingtoseehowflexibleRubycanbe.Thecollec-
tionsaredeadsimple:twocollectionswithmultipleAPIslayeredontop.
Applicationperformanceissecondary.Rubyisabouttheperformance
oftheprogrammer.The enumerable module givesyouaflavorofjust
howwell-designedRubycanbe.Thesingle-inheritanceobject-oriented
structurecertainlyisn’tnovel, buttheimplementationis packedwith
intuitivedesignandusefulfeatures.Thislevelofabstractiongivesyou

a marginally better programming language, but serious mojo is on
theway.

Day2Self-Study

These problemswill be alittle more demanding. Yae used Rubya
littlelonger,sotheglovesareoff. Theseexampleswillforceyoutodoa
littlemoreanalyticalthinking.

Find:

¢ Findouthowtoaccessfileswithandwithoutcodeblocks. What
isthebenefitofthecodeblock?
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* Howwouldyoutranslateahashtoanarray? Canyoutranslate
arraystohashes?

¢ Canyouiteratethroughahash?

*Yu canuse Ruby arrays as stacks. What other common data
structuresdoarrayssupport?

Do:

¢ Printthecontentsofanarrayofsixteennumbers, fournumbers
atatime, usingjust = each.Now, dothe samewith each_slice in
Enumerable.

*The B classwasinteresting,butitdidnotallowyoutospecify
anewtreewithacleanuserinterface.Lettheinitializeraccepta
nestedstructurewithhashesandarrays. Yu shouldbeableto
specifyatreelikethis: {'grandpa’=>{" dad’ =>{"child1'=>{},’child
2'=>{}},'uncle’=>{"child3’'=>{},’child4’=>{}}}}.

* Wk a simple grep thatwill print thelines ofa file having any
occurrencesofaphraseanywhereinthatline. Yuwillneedtodo
asimpleregularexpressionmatchandreadlinesfromafile.(This
issurprisinglysimpleinRuby.)lfyouwant,includelinenumbers.

2.4 Day3:SeriousChange

ThewholepointofMaryPoppinsisthatshemadethehouseholdbetter
asawholebymakingitfunandchangingtheheartsofthepeoplein
itwithpassionandimagination. Ymcouldbackoffalittleandplayit
safe, usingRubytodothe samethingsyoualready knowhowtodo
in otherlanguages. But when you change the way alanguage looks
and works, you can capture magic that makes programming fun. In
thisbook,eachchapterwillshowyousomenontrivialproblemthatthe
languagesolveswell.InRuby,thatmeansmetaprogramming.

Metaprogramming means writing programs that write programs. The
ActiveRecord frameworkthat’sthe centerpiece ofRailsuses metapro-
gramming toimplementa friendly language for building classes that
linktodatabasetables. AnActiveRecordclassfora Department might
looklikethis:
classDepartment<ActiveRecord: :Base

has_many:employees

has_one:manager
end
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has_many and has_one areRubymethodsthataddalltheinstancevari-
ablesandmethodsneededtoestablishahas_manyrelationship.This
classspecificationreadslikeEnglish,eliminatingallthenoiseandbag-
gagethatyouusuallyfindwithotherdatabaseframeworks. Let’slook
atsomedifferenttoolsyoucanuseformetaprogramming.

OpenClasses

Yeealreadyhadabriefintroductiontoopenclasses.Yaicanchange
thedefinitionofanyclassatanytime,usuallytoaddbehavior.Here’sa
greatexamplefromtheRailsframeworkthataddsamethodto NilClass:

DownTload ruby/blank.rb

classNilClass
defblank?
true
end
end

classString
defblank?
self.size==0
end
end

["", "person",nil].eachdo|element|
putselementunlesselement.blank?
end

The first invocation of  class defines a class; once a class is already
defined, subsequent invocations modify that class. This code adds a
methodcalled blank? totwoexistingclasses: NilClass and String. Whenl
checkthestatusofagivenstring lIoftenwanttoseewhetheritisblank.
Moststringscanhaveavalue,beempty,andbepossibly nil. Thislittle
idiomletsmequicklycheckforthetwoemptycasesatonce,because

blank? willreturn frue.ltdoesn’tmatterwhichclass String pointsto.If
itsupportsthe blank? method,itwillwork.Ifitwalkslikeaduckand
quackslikeaduck,itisaduck.Idon’tneed todrawblood tocheck

thetype.

Wihwhat’'sgoingonhere.Yoeaskingforaverysharpscalpel,and
Rubywillgladly giveittoyou. Yar openclasseshaveredefinedboth
String and Nil. It’'s possible to completely disable Ruby by redefining,
say, Class.new.Thetrade-offisfreedom.Whthekindoffreedomthat
letsyouredefineanyclassorobjectatanytime, youcanbuild some
amazinglyreadablecode.Whfreedomandpowercomeresponsibility.
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Openclassesareusefulwhenyou'rebuildinglanguagestoencodeyour
owndomain.It'softenusefultoexpressunitsinalanguagethatworks
foryourbusinessdomain.Forexample,consideranAPIthatexpresses
alldistanceasinches:

DownTload ruby/units.rb

classNumeric
definches
self
end

deffeet
self = 12.inches
end

defyards
self * 3.feet
end

defmiles
self = 5280.feet
end

defback
self = -1
end

defforward
self
end
end

putsl0.miles.back
puts2.feet.forward

Theopenclassesmakethiskindofsupportpossiblewithminimalsyn-
tax.ButothertechniquescanstretchRubyevenfurther.

\bbmethod_missing

Ruby calls a special debugging method each time amethod is miss-
inginordertoprintsomediagnosticinformation.Thisbehaviormakes
thelanguageeasiertodebug. Butsometimes,youcantakeadvantage
ofthislanguagefeaturetobuild someunexpectedlyrichbehavior. All
youneedtodoisoverride method_missing.ConsideranAPItorepresent
Romannumerals.Yi1  could doiteasily enough with amethod call,
withanAPIsomethinglike = Roman.number_for'ii" .Intruth,that’snottoo
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bad.Therearenomandatoryparenthesesorsemicolonstogetinthe
way.WhRuby,wecandobetter:

Download ruby/roman.rb

classRoman
defself .method_missingname, =args
roman=name.to_s
roman.gsub! ("IV", "IIII")
roman.gsub! ("IX", "VIIII")
roman.gsub! ("XL", "XXXX")
roman.gsub! ("XC", "LXXXX")

(roman.count("I")+
roman.count("V") * 5+
roman.count("X") * 10+
roman.count("L") * 50+
roman.count("C") = 100)

end
end

putsRoman.X
putsRoman.XC
putsRoman.XII
putsRoman.X

Thiscodeisabeautifulexampleof method_missing inaction.Thecodeis
clearandsimple.W¢  firstoverride method_missing. W  getthenameof
themethodanditsparametersasinputparameters. We interested
onlyinthename.First,weconvertthatto String. Then,wereplacethe
specialcases,like iv and ix,withstringsthatareeasiertocount.Then,
wejustcountRomandigitsandmultiplybythevalueofthatnumber.

TheAPlissomucheasier: Roman.i versus Roman.number_for'i" .

Considerthecost,though. W dohaveaclassthatwillbemuchmore
difficulttodebug,becauseRubycannolongertellyouwhenamethod
ismissing!Wewoulddefinitelywantstrongerrorcheckingtomakesure
itwasacceptingvalidRomannumerals.Ifyoudon’'tknowwhatyou're
lookingfor,youcouldhaveatoughtimefindingthatimplementationof
that i methodon Roman.Still,it'sanotherscalpelforthetoolbag.Use
itwisely.

Modules

ThemostpopularmetaprogrammingstyleinRubyisthemodule. Y
canliterallyimplement def or attr_accessor withafewlinesofcodein
amodule.Yi1  canalsoextendclassdefinitionsinsurprisingways.A
commontechniqueletsyoudesignyourowndomain-specificlanguage
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(DSL)todefineyourclass. % TheDSLdefinesmethodsinamodulethat
addsallthemethodsandconstantsneededtomanageaclass.

I'mgoingtobreakanexampledownusingacommonsuperclassfirst.
Here’sthetypeofclassthatwewanttobuild through metaprogram-
ming.It'sasimpleprogramtoopenaCSVfilebasedonthenameofthe
class.

Download ruby/acts_as_csv_class.rb

classActsAsCsv
defread
file=File.new(self .class.to_s.downcase+ '.txt')
@headers=file.gets.chomp.split( ',"' )

file.eachdo|row|
@result<<row.chomp.split( '," )
end
end

defheaders
@headers
end

defcsv_contents
@result
end

definitialize
@result=[]
read
end
end

classRubyCsv<ActsAsCsv
end

m=RubyCsv.new
putsm.headers.inspect
putsm.csv_contents.inspect

Thisbasicclassdefinesfourmethods. headers and csv_contents aresim-
pleaccessorsthatreturnthevalueofinstancevariables. initialize initial-
izestheresultsoftheread.Mostoftheworkhappensin read.The read

methodopensalfile, readsheadings, and chopsthemintoindividual
fields.Next,itloopsoverlines, placingthecontentsofeachlineinan

4. DSLsletyou tailor alanguage for a specific domain. For perhaps the best-known
example in Ruby, the ActiveRecord persistence framework uses domain-specific lan-
guagestomapaclasstoadatabasetable.
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array.ThisimplementationofaCSVfileisnotcompletebecauseitdoes
nothandleedgecaseslikequotes,butyougettheidea.

Thenextstepistotakethefileandattachthatbehaviortoaclasswith
amodulemethodoftencalleda macro.Macroschangethebehaviorof
classes, oftenbasedonchangesintheenvironment.Inthiscase,our
macroopensuptheclassanddumpsinallthebehaviorrelatedtoa
CSVfile:

Download ruby/acts_as_csv.rb

classActsAsCsv
defself .acts_as_csv

define_method 'read' do
file=File.new(self .class.to_s.downcase+ '.txt')
@headers=file.gets.chomp.split( ',"' )

file.eachdo|row|
@result<<row.chomp.split( '," )
end
end

define_method "headers" do
@headers
end

define_method "csv_contents" do
@result
end

define_method 'initialize' do
@result=[]
read
end
end
end

classRubyCsv<ActsAsCsv
acts_as_csv
end

m=RubyCsv.new
putsm.headers.inspect
putsm.csv_contents.inspect

The metaprogramming happensinthe  acfs_as_csv macro. That code
calls define_method forall the methods we want toadd to the target
class.Now,whenthetargetclasscalls acts_as_csv,thatcodewilldefine
allfourmethodsonthetargetclass.
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So,the acts_as macro code does nothing but add afewmethodswe
could have easily added through inheritance. That design does not
seemlikemuch ofanimprovement, butit’'sabouttoget moreinter-
esting.Let’sseehowthesamebehaviorwouldworkinamodule:

Download ruby/acts_as_csv_module.rb

moduleActsAsCsv

defself .included(base)
base.extendClassMethods
end

moduleClassMethods
defacts_as_csv
includeInstanceMethods
end
end

moduleInstanceMethods

defread
@csv_contents=[]
filename=self .class.to_s.downcase+ '.txt'
file=File.new(filename)
@headers=file.gets.chomp.split( ',"' )

file.eachdo|row|
@csv_contents<<row.chomp.split( ',"' )
end
end

attr_accessor:headers, :csv_contents
definitialize
read
end
end
end
classRubyCsv #noinheritance!Youcanmixitin
includeActsAsCsv
acts_as_csv
end
m=RubyCsv.new

putsm.headers.inspect
putsm.csv_contents.inspect
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Rubywillinvokethe included method whenever this module gets in-
cludedintoanother. Remember, aclassisamodule.Inourincluded
method, we extend the target class called base (whichisthe RubyCsv
class),andthatmoduleaddsclassmethodsto RubyCsv.Theonlyclass
methodis acfs_as_csv. That method in turn opens up the class and
includes all the instance methods. And we're writing a program that
writesaprogram.

Theinterestingthingaboutall thesemetaprogrammingtechniquesis
thatyourprogramscanchangebasedonthestateofyourapplication.
ActiveRecordusesmetaprogrammingtodynamicallyaddaccessorsthat
arethesamenameasthecolumnsofthedatabase.SomeXMLframe-
workslike builder letusersdefine customtagswith method_missing to
provide abeautiful syntax. Whenyour syntaxis more beautiful, you
canletthereaderofyourcodeget pastthe syntaxand closertothe
intentions.That’sthepowerofRuby.

WhatWelearnedinDay3

Inthissection,youlearnedtouseRubytodefineyourownsyntaxand
change classes onthefly. These programming techniques fallin the
category of metaprogramming. Every line of code that you write has
twokindsofaudiences:computersandpeople.Sometimes,it’'shardto
strikeabalancebetweenbuildingcodethatcanpassthroughtheinter-
preterorcompilerandisalsoeasytounderstand. Whmetaprogram-
ming,youcanclosethegapbetweenvalidRubysyntaxandsentences.

SomeofthebestRubyframeworks,suchasBuilderandActiveRecord,
heavily depend on metaprogramming techniques for readability. Yi
usedopenclassestobuildaduck-typedinterfacesupportingthe blank?
methodfor String objectsand nil,dramaticallyreducingtheamountof
clutterforacommonscenario. Yirsawsomecodethatusedmanyof
thesametechniques.Ynused method_missing tobuildbeautifulRoman
numerals. And finally, you used modules to define adomain-specific
languagethatyouusedtospecifyCSVfiles.

Day3Self-Study
Do:

Modify the CSV application to support an each method toreturna
CsvRow object.Use method_missing onthat CsvRow toreturnthevalue
forthecolumnforagivenheading.

Reporterratum

yis (P1.0printing.October2010)


http://books.pragprog.com/titles/btlang/errata/add?pdf_page=55

WRAPPING UP RUBY < 56

Forexample,forthefile:

one, two
Tions,tigers

allowanAPIthatworkslikethis:

csv=RubyCsv.new
csv.each{|row|putsrow.one}

Thisshouldprint ‘lions".

2.5 WrappingUpRuby

W have covered alot of ground in this chapter. [hopeyou cansee
the comparison to Mary Poppins. After speaking at dozens of Ruby
conferences, [ haveheardscoresofpeopleprofesstheirlove for Ruby
becauseitisfun.ToanindustrythatgrewupembracingtheCfamily
oflanguagesincludingC++,C#,Java,andothers, Rubyisabreathof
freshair.

CoreStrengths

Ruby’spureobjectorientationallowsyoutotreatobjectsinauniform
andconsistentway.Theducktypingallowstruerpolymorphicdesigns
basedonwhatanobjectcansupportratherthanthatobject’sinheri-
tancehierarchy. AndRuby’smodulesandopenclassesletaprogram-
merattachbehaviortosyntaxthatgoesbeyondthetypicalmethodor
instancevariabledefinitionsinaclass.

Rubyisidealasascriptinglanguage,orasawebdevelopmentlanguage
ifthescalingrequirementsarereasonable. Thelanguageisintensely
productive. Some of the features that enable that productivity make
Rubyhardtocompileandmaketheperformancesuffer.

Scripting

Rubyisafantasticscriptinglanguage. Wiggluecodetomungetwo
applicationstogether, writingaspidertoscrapewebpagesforastock
quoteorbookprice,orrunninglocalbuildenvironmentsorautomated
testsareexcellentusesforRuby.

Asalanguagewithapresenceonmostmajoroperatingsystems,Ruby
isagoodchoiceforscriptingenvironments. Thelanguagehasawide
varietyoflibrariesincludedwiththebase,aswellasthousandsofgems,
orprepackaged plug-ins, thatcanbeused forloading CSVfiles, pro-
cessingXML,orworkingwithlow-levellnternetAPIs.
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WbDevelopment

Railsis already one of the most successful web development frame-
worksofalltime.Thedesignisbasedonwell-understoodmodel-view-
controllerparadigms.Themanynamingconventionsfordatabaseand
application elements allow a typical application to be built with few
linesofconfigurationatall. Andtheframeworkhasplug-insthathan-
dlesomedifficultproductionissues:

¢ ThestructureofRailsapplicationsisalwaysconsistentand well
understood.

* Migrationshandlechangesinthedatabaseschema.

¢ Severalwell-documented conventionsreducethetotalamountof
configurationcode.

* Manydifferentplug-insareavailable.

TimetoMarket

IwouldconsidertheproductivityofRubyandRailstobeanimportant
componentinitssuccess.Inthemid-2000s,youcouldnotthrowarock

in San Franciscowithout hitting someone who worked at a start-up
poweredbyRails.Eventoday,Rubyisprolificinthesekindsofcompa-
nies,includingmine.Thecombinationofthebeautifulsyntaxandthe
communityofprogrammers, tools,andplug-insisextremelypowerful.

Yu canfindRubygemstofindtheZIPcodeofasurferand another
tocalculatealladdress codes in a fifty-mileradius. Ya1 can process
images and credit cards, work with web services, and communicate
acrossmanyprogramminglanguages.

Many large, commercial websites use Ruby and Ruby on Rails. The
original Twitter implementation was in Ruby, and the extraordinary
productivityofthelanguageallowed thewebsitetogrowtohugepro-
portions. Eventually, thecoreof TwitterwasrewritteninScala. There
aretwolessonshere.First,Rubyisagreatlanguageforgettingaviable
producttomarketquickly.Second,thescalabilityofRubyislimitedin
someways.

Informalbigenterpriseswith distributed transactions, fail-safe mes-
saging, and internationalization, the role of Ruby is often seen as a
little more limited, but Ruby can do all of these things. Sometimes,
concerns about the right application frameworks and scalability are
well-founded,buttoomanypeoplefocusonenoughscalabilitytobuild
thenexteBaywhentheycan’tdeliveranysoftwareontime.Often, Ruby
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wouldbemorethanadequateconsideringthetime-to-marketpressures
manyenterprisesface.

Wadcess

Nolanguageisperfectforallapplications.Rubyhasitsshareoflimita-
tionstoo.Let’swalkthroughsomeofthemajorones.

Rfrrooe

Ruby’sprimaryweaknessisperformance.Sure,Rubyisgettingfaster.
&En 1.9isuptotentimesfasterforsomeusecases.AnewRubyvir-
tualmachinewrittenbyEvanPhoenixcalledRubiniushasthepotential
tocompileRubyusingajust-in-timecompiler. Thisapproachlooksat
aninterpreter’susagepatternsforablockofcodetoanticipatewhich
codeislikelytobeneededagain.ThisapproachworkswellforRuby,a
languagewheresyntaxcluesareusuallynotenoughtoallowcompila-
tion.Remember,thedefinitionofaclasscanchangeatanytime.

Still, Matzisveryclear. Heworkstooptimize the programmer’sexpe-
rience, not the performance ofthe language. Many of the language’s

featuressuchasopenclasses,ducktyping,and method_missing defeat
theverytoolsthatenablecompilationandtheassociatedperformance
gains.

ConcurrencyandOOP

Object-orientedprogramminghasacriticallimitation. Thewholeprem-
iseofthemodeldependsonwrappingbehavioraroundstate,andusu-
ally the state can be changed. This programming strategy leads to
seriousproblemswithconcurrency. Atbest, significantresourcecon-
tentionsarebuiltintothelanguage. Atworst, object-orientedsystems
arenexttoimpossibletodebugandcannotbereliablytestedforcon-
currentenvironments. As of this writing, the Rails team is only now
startingtoaddresstheproblemofmanagingconcurrencyetfectively.

TypeSafety

I'mafirmbelieverinducktyping. Wh this typing strategy, youcan
generally have cleaner abstractions with concise, readable code. But
ducktypingcomesataprice,too.Statictypingallowsawholerangeof
toolsthatmakeiteasiertodosyntaxtreesandthusprovideintegrated
developmentenvironments.IDEsforRubyaremoredifficulttobuild,
and so far, most Ruby developers donotuse them. Many times, I've
lamentedthelossofanIDE-styledebugger.lknowl'mnotalone.

Reporterratum

yis (P1.0printing.October2010)


http://books.pragprog.com/titles/btlang/errata/add?pdf_page=58

WRAPPING UP RuBY < 59

FinalThoughts

So,Ruby’scorestrengthsareitssyntaxandflexibility. Thecoreweak-
nessesarearoundperformance,thoughtheperformanceisreasonable
formanypurposes.Allinall, Rubyisanexcellentlanguageforobject-
oriented development. For theright applications, Ruby can excel. As
withanytool, useittosolvetherightsetofproblems,andyou’renot
likely tobe disappointed. And keep your eyes open for alittle magic
alongtheway.
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Thequestionisn't, “Whatarewegoingtodo?”Thequestion
is, “Whataren’twegoingtodo?”
» FerrisBueller

Chapter 3

A (| R

Meetlo.LikeRuby,loisarulebender.He’syoung, wickedsmart,and

easy tounderstand buthard topredict. Think Ferris Bueller. ! Ifyou
likeagoodparty,you’llhavetoletloshowyouaroundthetown.He’ll
tryanythingonce. Hemightgiveyoutherideofyourlife, wreckyour
dad’scar,orboth.Eitherway,youwillnotbebored.Asthequoteabove
says,youwon’'thavemanyrulestoholdyouback.

Introducinglo

SteveDekorteinventedthelolanguagein2002.1t’salwayswrittenwith
anuppercase I followedbyalowercase o.loisaprototypelanguagelike
LuaorJavaScript,meaningeveryobjectisacloneofanother.

WhnasanexercisetohelpSteveunderstandhowinterpreterswork,
Iostartedasahobbyistlanguageandremainsprettysmalltoday. Yu
canlearnthesyntaxinaboutfifteenminutesandthebasicmechanics
ofthelanguageinthirty.Therearenosurprises. Butthelibrarieswill
takeyoualittlelonger. The complexity and therichness comes from
thelibrarydesign.

Today, most of Io’s community is focused on o as an embeddable
languagewith atinyvirtualmachineandrich concurrency. Thecore
strengths are richly customizable syntax and function, as wellas a
strongconcurrencymodel. Try tofocusonthesimplicityofthesyntax
and the prototype programming model. I found that afterlo,Ihada
muchstrongerunderstandingofhowJavaScriptworked.

1. Ferris Bueller’s Day Off . DVD. Directed by John Hughes. 1986; Hollywood, CA:
Paramount, 1999.
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3.2 Dayl1:SkippingSchool,HangingOut

Meetingloislikemeetinganylanguage.Yalhavetoputinalittlekey-
boardtimetogetproperlyacquainted.Itwillbemucheasierifwecan
interact outside of stifled conversationsin the hallway before history
class.Let’scutschoolandskipstraighttothegoodstuff.

Names are sometimes deceiving, but you can tell alot fromIo. It’s
simultaneouslyreckless (ever try Googling for I0?)? andbrilliant. Yu
getonlytwoletters, bothvowels. Thelanguage’ssyntaxissimpleand
low-level, like the name. lo syntax simply chains messages together,
witheachmessagereturning an objectand each message taking op-
tionalparametersinparentheses. Inlo, everythingisamessage that
returnsanotherreceiver.Therearenokeywordsandonlyahandfulof
charactersthatbehavelikekeywords.

W o, youwon’t worry about both classes and objects. Yol deal
exclusivelyinobjects,cloningthemasneeded.Theseclonesarecalled
prototypes,andloisthefirstandonlyprototype-basedlanguagewe’ll
lookat.Ina  prototype language, everyobjectisacloneofanexisting
objectratherthanaclass.logetsyouaboutasclosetoobject-oriented
Lispasyou'relikely to get. It’s too early to tell whether Io will have
lastingimpact,butthesimplicityofthesyntaxmeansithasafighting
chance.Theconcurrencylibrariesthatyou’llseeinday3arewellcon-
ceived,andthemessagesemanticsareelegantandpowerful .Reflection
iseverywhere.

Breakingthelce

Let’scrackopentheinterpreterandstarttheparty. Ysicanfinditat
http://iolanguage.com. Downloaditandinstallit. Opentheinterpreter
bytyping io,andenterthetraditional“Hello, Wit program:

Io>"Hiho,Io"print
Hiho,Io==>Hiho,Io

Yacantellexactlywhat'sgoingonhere. Yaesendingthe print mes-
sagetothestring "Hiholo" .Receiversgoontheleft,andmessagesgoon
theright.Ymu  won’tfindmuchsyntacticsugaratall. Yol justsend
messagestoobjects.

InRuby,youcreatedanewobjectbycalling new onsomeclass. Y1
createdanewkindofobjectbydefininga closs.Jomakesnodistinction

2. Try Googlingfor Iolanguage instead.
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betweenthesetwothings. Yilicreatenewobjectsbycloningexisting
ones.Theexistingobjectisaprototype:

batate$io

T020090105

Io>Vehicle:=0bjectclone

==> Vehicle_0x1003b61f8:
type ="Vehicle"

Objectistheroot-level object. W sendthe clone message, whichre-
turnsanewobject.W assignthatobjectto \& hicle.Here, \¢ hicle isnot
aclass.It’snotatemplateusedtocreateobjects.It is anobject,based
onthe Object prototype.Let’sinteractwithit:

Io>Vehicledescription:="Somethingtotakeyouplaces"
==>Somethingtotakeyouplaces

Objectshaveslots.Thinkofthecollectionofslotsasahash.Yalrefer

toeachslotwithakey.Yaicanuse := toassignsomethingtoaslot.If
theslotdoesn’texist,lowillcreateit.Yaicanalsouse = forassignment.
Iftheslotdoesn’texist,lothrowsanexception. & justcreatedaslot

called description.

Io>Vehicledescription="Somethingtotakeyoufaraway"
==>Somethingtotakeyoufaraway
Io>VehiclenonexistingSlot="Thiswon'twork."

Exception:SlotnonexistingSlotnotfound.
Mustdefineslotusing:=operatorbeforeupdating.

message'updateSlot'in'CommandLine'onTinel
Yu cangetthevaluefromaslotby sending the slot’sname to the
object:

Io>Vehicledescription
==>Somethingtotakeyoufaraway

Infact,anobjectislittlemorethanacollectionofslots.Wé canlookat
thenamesofalltheslotson \¢ hicle likethis:
Io>VehicleslotNames

==>1ist("type","description")

V¢ sentthe slofNames methodto \é hicle andgotalistofslotnames
back.Therearetwoslots. Yaeseenthe description slot,butwealso
havea type slot.Everyobjectsupports type:

Io>Vehicletype

==>Vehicle

Io>Objecttype
==>0bject
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Object

Vehicle

description

Car ferrari
Something...
Figure3.1:Anobject-orienteddesign
W gettotypesinafewparagraphs.Fornow,knowthat type repre-

sentsthekindofobjectyou'redealingwith.Keepinmindthatatypeis
anobject,notaclass.Here’swhatweknowsofar:

* Ynmakeobjectsbycloningotherobjects.
* Objectsarecollectionsofslots.
*Yugetaslot'svaluebysendingthemessage.

Yacanalreadyseethatloissimpleandfun. Butsitback. We only
scratchingthesurface.Let’'smoveontoinheritance.

Objects,Prototypes,andinheritance

Inthissection,we'regoingtodealwithinheritance. Givenacarthat’s
alsoavehicle, thinkofhowyouwouldmodela &0 objectthatisan
instanceofacar.Inanobject-oriented language, you’ddosomething
likeFigure3.1.
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Let’'sseehowyou’d solve the same problemin a prototypelanguage.
We  goingtoneedafewextraobjects.Let’'screateanother:
Io>Car:=Vehicleclone

==> (Car_0x100473938:
type —"Car"

Io>CarslotNames
==>1ist("type")
To>Cartype
==>Car

InJo-speak, we created anewobject called Car bysendingthe clone
messagetothe \é hicle prototype.Let’'ssend description to Car:

Io>Cardescription
==>Somethingtotakeyoufaraway

There’sno description sloton Car.Iojustforwardsthe  description mes-

sagetotheprototypeandfindstheslotin \¢ hicle.It'sdeadsimplebut
plentypowerful. Let’screateanothercar, butthistime, we'llassignit
to &4

Io>ferrari:=Carclone
==> Car_0x1004f43d0:

Io>ferrarislotNames
=>1ist()

A-hal!There’sno fype slot.Byconvention,typesinlobeginwithupper -
caseletters.Now,whenyouinvokethe type slot,you’ligetthetypeof
yourprototype:

Io>ferraritype
==>Car

Thisishowlo’sobjectmodelworks.Objectsarejustcontainersofslots.
Getaslotbysendingitsnametoanobject.Iftheslotisn’tthere,localls

the parent. That’s allyou have to understand. There are no classes
ormetaclasses. Y1  don’thaveinterfaces ormodules. Ya1 justhave
objects,likeyouseeinFigure3.2,onthenextpage.

Typesinloarejustconveniences.Idiomatically,anobjectthatbegins
withanuppercasenameisatype,solosetsthe type slot.Anyclonesof
thattypestartingwithlowercaseletterswillsimplyinvoketheirparents’

type slot.Typesarejusttoolsthathelploprogrammersbetterorganize
code.
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Object

_

( )

Vehicle

( Prototype: ObjecI:t )

( Description: Something to take you far away )

—_—

Car ]
( Prototype: Vehicle

ﬁ

ferrari ]

( Prototype: Car )

—

Figure3.2:Inheritanceinlo
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Ifyouwanted &1  tobeatype,youwouldhaveitbeginwithanupper -
caseletter,likethis:
Io>Ferrari:=Carclone

==>Ferrari_0x9d085c8:
type="Ferrari"

Io>Ferraritype
==>Ferrari

Io>FerrarislotNames
==>1ist("type")
Io>ferrarislotNames
==>Tist()

Io>

Noticethat &  hasnotypeslot,but g  does.We usingasimple
coding convention rather than a full language feature to distinguish
between types and instances. In other cases, they behave the same

way.
InRubyanddJava,classesaretemplatesusedtocreateobjects. bruce
=RmoTev createsanew person objectfromthe Rsn  class.Theyare

differententitiesentirely, aclassandanobject. NotsoinIo. bruce =

Rznclone  createsaclonecalled bruce fromtheprototypecalled Rsn
Both bruce and R&n  areobjects. Ren  isatypebecauseithasatype
slot.Inmostotherrespects, R®n  isidenticalto bruce.Let’smoveon
tobehavior.

Methods
Inlo,youcancreateamethodeasily,likethis:

Io>method("So,you'vecomeforanargument."println)
==>method(
"So,you'vecomeforanargument."println

)

Amethodisanobject,justlikeanyothertypeofobject.Yacangetits
type:

Io>method() type

==>BTock

Sinceamethodisanobject,wecanassignittoaslot:

Io>Cardrive:=method("'Vroom'"printlin)
==>method(
"Vroom"printin

)

Reporterratum

yis (P1.0printing.October2010)


http://books.pragprog.com/titles/btlang/errata/add?pdf_page=66

DAY 1: SKIPPING SCHOOL,H ANGING OuT <« 67

Ifaslothasamethod,invokingtheslotinvokesthemethod:

Io>ferraridrive
Vroom
==>Vroom

Believeit ornot, you now know the core organizational principles of

Io. Think aboutit. Yu know the basic syntax. Yu candefine types
andobjects. Yarcanadddataandbehaviortoanobjectbyassigning
contentstoitsslots.Everythingelseinvolveslearningthelibraries.

Let’sdigalittledeeper.Ycangetthecontentsofslots,whetherthey
arevariablesormethods,likethis:

Io>ferrarigetSlot("drive')
==>method(
"Vroom"println

)

getSlot willgiveyouyourparent’sslotiftheslotdoesn’texist:

Io>ferrarigetSlot("type")
==>Car

Yucangettheprototypeofagivenobject:

Io>ferrariproto
==> (Car_0x100473938:
drive =method(...)
type ="Car"
To>Carproto
==> Vehicle_0x1003b61f8:
description ="Somethingtotakeyoufaraway"
type ="Vehicle"
Thesewerethe prototypesthatyouusedtoclone & and Car.Yu

alsoseetheircustomslotsforconvenience.

There’samasternamespacecalled  Lobby thatcontainsallthenamed
objects. Alloftheassignmentsyou’vedoneintheconsole, plusafew
more,areon Lobby.Yaicanseeitlikethis:

Io>Lobby

==> Object_0x1002184e0:
Car =Car_0x100473938
Lobby =0bject_0x1002184e0
Protos =0Object_0x1002184e0
Vehicle =Vehicle_0x1003b61f8
exit =method(...)
ferrari =Car_0x1004f43d0
forward =method(...)
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Yuseethe exit implementation, twad , Protos,andthestuffwedefined.

Theprototypeprogrammingparadigm seemsclearenough.Theseare
thebasicgroundrules:

*Every thing isanobject.

* Every interaction withanobjectisamessage.

*Yndon’'tinstantiateclasses;youcloneotherobjectscalled proto-
types.

* Objectsremembertheirprototypes.

* Objectshaveslots.
¢ Slotscontainobjects,includingmethodobjects.

* Amessagereturnsthevalueinaslotorinvokesthemethodina
slot.

¢ Ifanobjectcan’trespondtoamessage,itsendsthatmessageto
itsprototype.

Andthat’smostofit.Sinceyoucanseeorchangeanyslotoranyobject,
youcandosomeprettysophisticatedmetaprogramming.Butfirst,you
needtoseethenextlayerofbuildingblocks:collections.

ListsandMaps

Iohasafewtypesofcollections.Alistisanorderedcollectionofobjects
ofanytype. List istheprototypeforalllists,and Map istheprototype
forkey-valuepairs,liketheRubyhash.Createalistlikethis:

Io>toDos:=11ist("findmycar","findContinuumTransfunctioner')
==>Tist("findmycar","findContinuumTransfunctioner")

Io>toDossize
==>2

Io>toDosappend("'Findapresent')
==>1ist("findmycar","findContinuumTransfunctioner"”,"Findapresent")
There’s a shortcut way of representing a list. Object supportsthe list
method, whichwrapstheargumentsupintoalist. Using list,youcan
convenientlycreatealist,likethis:

Io>Tist(1,2,3,4)
==>11st(1,2,3,4)
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List alsohasconveniencemethodsformathandtodealwiththelistas
otherdatatypes,suchasstacks:

TIo>11ist(1,2,3,4)average
=>2.5

Io>11ist(1,2,3,4)sum
==>10

To>Tist(1,2,3)at(l)
==>2

TIo>11ist(1,2,3)append(4)
==>11ist(1,2,3,4)

Io>Tist(1,2,3)pop
==>3

Io>Tist(1,2,3)prepend(0)
==>11st(0,1,2,3)

Io>Tist()isEmpty
==>true

Theothermajorcollectionclassinloisthe Map.lomapsarelikeRuby
hashes.Sincethere’snosyntacticsugar,you'llworkwiththemwithan
APIthatlookslikethis:

Io>elvis:=Mapclone
==> Map_0x115f580:

Io>elvisatPut("home","Graceland")
==> Map_0x115f580:

Io>elvisat("home")

==>Graceland
Io>elvisatPut('"style","rockandroll")
==> Map_0x115f580:

Io>elvisasObject
==> Object_0x11c1d90:
home ="Graceland"
style ="rockandrol11"
Io>elvisasList

==>1ist(list("style","rockandrol1"),1list("home","Graceland"))

Io>elviskeys
==>Tist("style", "home")

Reporterratum

thiscopyis (P1.0printing.October2010)


http://books.pragprog.com/titles/btlang/errata/add?pdf_page=69

DAY 1: SKIPPING SCHOOL,H ANGING Our <« 70

Io>elvissize
==>2

Whenyouthinkaboutit,ahashisalotlikeanloobjectinstructure
where the keys are slots that are tied to values. The combination of
slotsthatcanberapidlytranslatedtoobjectsisaninterestingone.

Now thatyou've seen the basic collections, you'll want to use them.
W  needtointroduce control structures, and those willdepend on
booleanvalues.

true,tienil,andsingletons

Io’sconditionsareprettysimilartothoseofotherobject-orientedlan-
guages.Hereareafew:

To>4<5

==>true
Io>4<=3
==>false
Io>trueandfalse
==>false
Io>trueandtrue
==>true
Io>trueortrue
==>true
Io>trueorfalse
==>true
To>4<5and6>7
==>false
Io>trueand6
==>true
Io>trueand0
==>true

That’ssimpleenough.Makeanote:OistrueasinRuby,notfalseasin
C.So,whatis true?

TIo>trueproto
==> Object_0x200490:
=0Object_Q
1= =0bject_!=0

Io>trueclone
==>true
Io>falseclone
==>false
Io>nilclone
==>nil
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Now,that’sinteresting! frue, & ,and nil aresingletons.Cloningthem
justreturns the singleton value. Ya1 can do the same pretty easily.
Createyourownsingletonlikethis:

Io>Highlander:=0Objectclone

==> Highlander_0x378920:
type ="Highlander"

Io>Highlanderclone:=Highlander

==> Highlander_0x378920:
clone =Highlander_0x378920
type ="Highlander"

We  simplyredefinedthe clone methodtoreturn Highlander, rather
thanlettingloforwardrequestsupthetree,eventuallygettingto Object.
Now,whenyouuse Highlander,you’llgetthisbehavior:

Io>Highlanderclone

==> Highlander_0x378920:
clone =Highlander_0x378920
type ="Highlander"

Io>fred:=Highlanderclone

==> Highlander_0x378920:
clone =HighTander_0x378920
type ="Highlander"

Io>mike:=Highlanderclone

==> Highlander_0x378920:
clone =Highlander_0x378920
type ="Highlander"

Io>fred==mike
==>true

Twoclonesareequal. That’snotgenerallytrue:

Io>one:=0bjectclone
==> Object_0x356d00:

Io>two:=0bjectclone
==> Object_0x31eb60:

Io>one==two
==>false

Now,therecanbeonlyone Highlander.Sometimes,locantripyouup.
Thissolutionissimpleandelegant,ifalittleunexpected. We blasted
throughalotofinformation, butyouknowenoughtodosomepretty
radicalthings, suchaschanginganobject’sclonemethod tomakea
singleton.
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Be careful, though. Love him or hate him, you can’t deny thatIois
interesting. AswithRuby,locanbealove-haterelationship. Y can
changejustaboutanyslotonanyobject,eventheonesthatdefinethe
language.Here sonethatyoumaynotwanttotry:

Objectclone:="hosed"

Since you overrode the clone method on object, nothing can create
objectsanymore. Yaican'tfixit. Yijusthavetokilltheprocess. But
youcanalsogetsomeprettyamazingbehaviorsinashorttime. Since
youhavecompleteaccesstooperatorsandtheslotsthatmakeupany
object,youcanbuilddomain-specificlanguageswithafewshortfas-
cinatinglinesofcode. Beforewewrapuptheday,let’shearwhatthe
inventorofthelanguagehastosay.

AnlInterviewwithSteveDekorte

SteveDekorteisanindependentconsultantintheSanFranciscoarea.
HeinventedIoin2002.Thadthepleasureofinterviewing himabout
hisexperienceswithcreatinglo.

Bruce Tate: Whydidyouwritelo?

Steve Dekorte: In2002,myfriendDruNelsonwrotealanguagecalled
Cel(inspiredbySelflandwasaskingforfeedbackonitsimplementation.
Ididn’tfeellunderstoodhowprogramminglanguagesworkwellenough
tohaveanythingusefultosay, solstartedwritingasmalllanguageto
understandthembetter.Itgrewintolo.

Bruce Tate: Whatisthethingthatyoulikeaboutitthemost?

Steve Delcorte: Ilikethesimpleandconsistentsyntaxandsemantics.
Theyhelpwithunderstandingwhat’sgoingon. Yt canquicklylearnthe
basics.IThaveaterriblememory.Ilconstantlyforgetthesyntaxandweird
semanticrulesforCandhavetolookthemup.(ed.Steveimplementedlo
inC.)That’soneofthethingsldon’twanttodowhenluselo.

For example, you can see the code, such as people select(age > 20)
mopeaprintin ,andgetaprettygoodideaofivhatisgoingon. Ya
Sfilteringalistofpeoplebasedonage,gettingtheiraddresses,andprint-
ingthemout.

Ifyousimplify the semantics enough, things becomemore flexible. Yo
canstarttocomposethingsthatyoudidnotunderstandiwhenyouimple-
mentedthelanguage.Here’sanexample.Therearevideogamesthatare
puzzlegamesthatassumeasolution,andtherearemoregamesthatare
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open-ended. The open-ended ones are fun because you cando things
thatthedesignersofthegameneverimagined.loislikethat.

Sometimesotherlanguagesmalkesyntacticshortcuts. Thatleadstoextra
parsingrules. Whenyouprograminalanguage, youneedtohavethe
parserinyourhead. Themorecomplicated alanguage, themoreofthe
parseryouneedtohaveinyourhead.Themoreworkaparserhastodo,
themoreworkyouhavetodo.

Bruce Tate: Whataresomelimitationsoflo?

Steve Dekorte: Thecostoflo’s flexibilityisthatitcanbe slower for
manycommonuses. Thatsaid, italsohascertainadvantages (suchas
coroutines, async sockets, and SIMD support), which can alsomakeit
muchfasterthanevenCappsuwrittenwithtraditionalthreadpersocket
concurrencyornon-SIMDvectorops.

I'vealsohad some complaints thatthe lack of syntaxcan make quick
visualinspectiontrickier.'vehadsimilarproblemswithLisp,solunder-
stand. ExtrasyntaxmakesforquickredgNewuserssometimessay
Iohastoolittlesyntax, buttheyusuallywarmuptoit.

Bruce Tate: Whereisthestrangestplaceyou’veseenloinproduction?

Steve Dekorte: Overtheyears,'veheardrumorsoflofromplaceto
placelikke on a satellite, in arouter configuration language, and as a
scriptinglanguageforvideogames. Pixarusesittoo. Theywroteablog
entryaboutit.

Itwasabusyfirstday,soit’stimetobreakforalittlebit. Ymcannow
pauseandputsomeofwhatyou'velearnedintopractice.

WhatWelLearnedinDay 1

Ye nowthroughagoodchunkoflo.Sofar,youknowagooddeal
aboutthebasiccharacteroflo.Theprototypelanguagehasverysimple
syntaxthatyoucanusetobuildnewbasicelementsofthelanguage
itself. Even core elements lack even the simplest syntactic sugar. In
someways, thisminimalapproachwillmakeyouworkalittleharder
toreadthesyntax.

Aminimalsyntaxhassomebenefitsaswell. Sincethereisnotmuch
going on syntactically, you don’t have to learn any special rules or
exceptions to them. Once you know how to read one sentence, you
canreadthemall. Yirlearningtimecangotowardestablishingyour
vocabulary.
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Yarjobasanewstudentisgreatlysimplified:
¢ Understandafewbasicsyntacticalrules.
* Understandmessages.
¢ Understandprototypes.

¢ Understandthelibraries.

Day1Self-Study

Whenyou'relookingforlobackground,searchingforanswersisgoing
to be alittle tougher because Io has so many different meanings. I
recommendGooglingfor Iolanguage .

Find:
* Someloexampleproblems
* Anlocommunitythatwillanswerquestions
¢ Astyleguidewithloidioms

Answer:

¢ Evaluate 1+1 andthen 1+'one" .Islostronglytypedorweakly
typed?Supportyouranswerwithcode.

¢ [sOtrueorfalse?Whatabouttheemptystring?ls nil trueorfalse?
Supportyouranswerwithcode.

* Howcanyoutellwhatslotsaprototypesupports?

e Whatisthedifferencebetween = (equals), := (colonequals),and :=
(coloncolonequals)?Whenwouldyouuseeachone?

Do:
* Runanloprogramfromafile.
¢ Executethecodeinaslotgivenitsname.

Spendalittle time playing with slots and prototypes. Make sureyou
understandhowprototypeswork.

3.3 Day2:TheSausagekKing

ThinkbacktoFerris Bueller foramoment. Inthemovie, themiddle-
classhigh-schoolstudentrepresented himselfasthe sausageking of
Chicagoinaclassicbluff. He gota greattablein a great restaurant
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becausehewaswillingtobendtherules.Ifyou’recomingfromaJava
background andyouliked it, you're thinking aboutwhatcould have
happened—toomuchfreedomisnotalwaysagoodthing.Buellerprob-
ably deserved to be thrown out. In Io, you're going to need to relax
alittleand takeadvantageofthe power.Ifyou're comingfroma Perl
scriptingbackground,youprobablylikedBueller’sbluffbecauseofthe
resultofthebluff. Ifyou’vetraditionallyplayed thingsalittlefastand
loose, you're going to have to pull back a little and inject some dis-
cipline.Inday2,you’llstarttoseehowyoumightuselo’sslotsand
messagestoshapecorebehaviors.

ConditionalsandLoops

All of I0’s conditional statements are implemented without syntacti-
calsugar. Yl findtheyareeasytounderstand andremember, but
they’realittlehardertoreadbecauseoffewersyntacticclues. Setting
upasimpleinfiniteloopiseasy.TypeControl+Ctobreakout:
Io>Toop(''gettingdizzy..."println)

gettingdizzy...
gettingdizzy...

gettingdizzy.AC
ToVM:
Receivedsignal.Settinginterruptflag.

Loops will often be useful with the various concurrency constructs,
butyou’llnormallywanttochooseoneoftheconditionalloopingcon-
structs,suchasa while loop.A while looptakesaconditionandames-
sagetoevaluate.Keepinmindthatasemicolonconcatenatestwodis-
tinctmessages:

Io>i:=1

==>1

Io>while(i<=11,1iprintln;i=i+l);"Thisonegoesuptoll'printin

1

2

10
11
Thisonegoesuptoll

Yu coulddothesamewitha tr loop.The & looptakesthenameof
thecounter,thefirstvalue,thelastvalue,anoptionalincrement,and
amessagewithsender.
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Io>for(i,1,11,1iprintln);"Thisonegoesuptoll'printin
1
2

10
11

Thisonegoesuptoll
==>Thisonegoesuptoll

Andwiththeoptionalincrement:

Io>for(i,1,11,2,iprintln);"Thisonegoesuptoll'println

O N v w =

11
Thisonegoesuptoll
==>Thisonegoesuptoll

Infact,youcanoftenhaveanarbitrarynumberofparameters.Didyou
catchthatthe optional parameteris the third one?Iowill allowyou
toattachextraparameters. Thatmayseemtobeconvenient, butyou
needtowatchcarefullybecausethereisnocompilertobabysityou:
Io>for(i,1,2,1,iprintln,"extraargument')

1

2

==>2

Io>for(i,1,2,iprintln,"extraargument')

2

==>extraargument

Inthefirstform, “extraargument”isreallyextra.Inthesecondform,
you've omitted the optional increment argument, and that effectively
shiftedeverythingtotheleft.Yir“extraargument”isnowthemessage,
andyou’reworkingin steps of iprintin ,whichreturns i.Ifthatlineof
codeisburied deeply intoa complex package, lojust puked inyour
car.Sometimes, youhavetotakethebadwiththegood.logivesyou
freedom.Sometimes,freedomhurts.

The if control structure is implemented as a function with the form
if(condition,truecode,tiecode) .Thefunctionwillexecute truecode if
condition istrue;otherwise,itwillexecute fiecode

Io>if(true,"Itistrue.","Itisfalse.")
==>Itistrue.
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Io>if(false)then("Itistrue)else("Itisfalse')

==>nil
To>if(false)then("Itistrue."println)else("Itisfalse."printin)
Itisfalse.

==>nil

Yrespentsometimeoncontrolstructures.Now,wecanusethemto
developourownoperators.

Operators

Likewith object-oriented languages, many prototype languages allow
forsyntacticsugartoallow  operators.Thesearespecialmethodslike
+ and / thattakeaspecialform.Inlo,youcanseetheoperatortable
directly,likethis:

Io>OperatorTable
==>0peratorTable_0x100296098:
Operators

0 ?@@ae

ek

O oo NOUVIEA WNR
A
A
1l
NA
\4
]

=
o

&&and

11 or| |

12 ..

13 %=&= f=t=-=/=<<=>>=A=|=
14 return

AssignOperators
::=newSlot
;= setSlot
= updateSlot

Toaddanewoperator:0OperatorTableaddOperator("+",4)
andimplementthe+message.
Toaddanewassignoperator:0OperatorTableaddAssignOperator(

,"updateSlot")andimplementtheupdateSlotmessage.

Yu canseethatanassignmentisadifferentkind of operator. The
numbertotheleftshowsthelevelofprecedence. Argumentscloserto

Obind first. Y canseethat + evaluatesbefore ==,and * before +,
justasyouwouldexpect.Yaicanoverridetheprecedencewith 0O.Let’s
defineanexclusiveoroperator.Our xor returns true ifexactlyoneofthe
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argumentsis frue,and & otherwise.First,weaddtheoperatortothe
table:
Io>OperatorTableaddOperator(''xor",11)

==>0peratorTable_0x100296098:
Operators

10 &&and
11 orxor| |
12 ..

Yucanseethenewoperatorintherightplace.Next,weneedtoimple-
mentthe xor methodon frue and &
Io>truexor:=method(bool,if(bool, false, true))

==>method(bool,

if(bool,false,true)
)
Io>falsexor:=method(bool,if(bool, true, false))
==>method(bool,

if(bool,true,false)
)

We  usingbruteforceheretokeeptheconceptssimple.Ouroperator
behavesexactlylikeyouwouldexpect:

Io>truexortrue

==>false

Io>truexorfalse

==>true

Io>falsexortrue

==>true

Io>falsexorfalse

==>false

Whenallissaidanddone, fruexortrue getsparsedas truexor(true) .The
methodintheoperatortabledeterminestheorderofprecedenceand
thesimplifiedsyntax.

Assignment operators are in a different table, and they work a little
bitdifferently. Assignmentoperatorsworkasmessages. Yol seean
exampleoftheminactioninSection 3.4, Domain-SpecificLanguages ,
onpage 83. Fornow, that’'sallwe’ll say aboutoperators. Let'smove
ontomessages, whereyouwilllearn toimplementyour own control
structures.
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Messages

AslIwasworkingthroughthischapter, oneofthelocommitterswas
helpingmethroughamomentoffrustration. Hesaid, “Bruce, there’s
something you have to understand about Io. Almost everythingis a
message.”Ifyoulookatlocode,everythingbutcommentmarkersand
thecommal(,)betweenargumentsaremessages. Everything.Learning
Iowellmeanslearningtomanipulatethembeyondjustbasicinvoca-
tion. One of the most crucial capabilities of thelanguage ismessage
reflection. i1 = can query any characteristic of any message and act
appropriately.

Amessagehasthreecomponents:the sender,the target,andthe argu-
ments.Inlo,the sender sendsamessagetoa farget.The target executes
themessage.

The call method givesyou accesstothe metainformationaboutany
message. Let’'screateacoupleofobjects:the postOffice thatgetsmes-
sagesandthe nd@  thatdeliversthem:

Io>postOffice:=0bjectclone
==> Object_0x100444b38:

Io>postOfficepackageSender:=method(callsender)
==>method(
callsender

)

Next,I'llcreatethemailertodeliveramessage:

Io>mailer:=0bjectclone
==> Object_0x1005bfda0:

Io>mailerdeliver:=method(postOfficepackageSender)
==>method(

postOfficepackageSender
)]

There’soneslot,the deliver slot,thatsendsa packageSender message
to postOffice.Now,Icanhavethe n& deliveramessage:

Io>mailerdeliver
==> Object_0x1005bfda0:

deliver =method(...)
So,the deliver methodistheobjectthatsentthemessage.Vié canalso
getthetarget, likethis:
Io>postOfficemessageTarget:=method(calltarget)
==>method(
calltarget

)
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Io>postOfficemessageTarget

==> Object_0x1004ce658:
messageTarget =method(...)
packageSender =method(...)

Simpleenough.Thetargetisthepostoffice,asyoucanseefromthe
slotnames.Gettheoriginalmessagenameandarguments,likethis:

Io>postOfficemessageArgs:=method(callmessagearguments)
==>method(
callmessagearguments

)
Io>postOfficemessageName:=method(callmessagename)
==>method(

callmessagename

)
Io>postOfficemessageArgs('one",2, : three)
==>1ist("one",2, :three)
Io>postOfficemessageName

==>messageName

So,lohasanumberofmethodsavailabletoletyoudomessagereflec-
tion. Thenextquestionis, “Whendoeslocomputeamessage?”

Mostlanguagespassargumentsasvaluesonstacks.Forexample,Java
computes eachvalue ofa parameter firstand then places those val-
uesonthestack.lodoesn’t.Itpassesthemessageitselfandthecon-
text.Then,thereceiversevaluatethemessage.Yaicanactuallyimple-

ment control structures with messages. Recall the Io if. The form is
if(lbooleanExpression, frueBlock, B .Let’ssayyouwanted toimple-
mentan unless.Here’showyou’ddoit:

Download io/unless.io

unTess:=method(
(callsenderdoMessage(callmessageargAt(0)))ifFalse(
callsenderdoMessage(callmessageargAt(1)))ifTrue(
callsenderdoMessage(callmessageargAt(2)))

)
unless(1==2,write( "Oneisnottwo\n" ),write( "oneistwo\n" ))
This little example is beautiful, so read it carefully. Think of doMes-

sage assomewhatlikeRuby’s ed butatalowerlevel. WhereRuby’s
ed evaluatesastringascode, doMessage executesanarbitrarymes-
sage.loisinterpreting the message parameters butdelaying binding
andexecution.Inatypicalobject-orientedlanguage, theinterpreteror
compilerwouldcomputeallthearguments,includingbothcodeblocks,
andplacetheirreturnvaluesonthestack.Inlo,that’snotwhathap-
pensatall.
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Saytheobject way sendsthemessage princessButtercupunless(fruelLove,
("Histprintin),("ltistrue"printin)) .Theresultisthisflow:

1.Theobject wdy  sendsthepreviousmessage.

2.Ilotakestheinterpretedmessageandthecontext(thecallsender,
target,andmessage)andputsitonthestack.

3.Now, princessButtercup evaluates the message. Thereis no unless
slot,solowalksuptheprototypechainuntilitfinds unless.

4.]Io begins executing the unless message. First, Io executes call
sender doMessage(call message argAt(0)) . That code simplifies to
waytruelove  .Ifyou’veeverseenthemovie ThePrincessBride ,
youknowthat way  hasaslotcalled frueLove,andthevalueis
frue.

5. The message is not false, sowe’ll execute the third code block,
whichsimplifiesto weby('ltistrue"printin).

We  takingadvantageofthefactthatlodoesnotexecutetheargu-
mentstocomputeareturnvaluetoimplementthe unless controlstruc-
ture.Thatconceptisextremelypowerful. Sofar,you’'veseenoneside

of reflection: behavior with message reflection. The other side of the
equationisstate. W lookatstatewithanobject’sslots.

Reflection

Iogivesyouasimplesetofmethodstounderstandwhat’sgoingonin
theslots.Hereareafewoftheminaction. Thiscodecreatesacouple
ofobjectsandthenworksitswayupthe prototype chainwithamethod
called ancestors:

Download io/animals.io

Objectancestors:=method(
prototype:=selfproto
if(prototype!=0bject,

writeln("STotsof" ,prototypetype, L P "
prototypeslotNamesforeach(slotName,writeln(slotName))
writeln

prototypeancestors))

Animal:=0bjectclone
Animalspeak:=method(
"ambiguousanimalnoise" printin)
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Duck:=Animalclone
Duckspeak:=method(
"quack" printin)

Duckwalk:=method(
"waddTe" printin)

disco:=Duckclone
discoancestors

Thecodeisnottoocomplicated. First, wecreatean Animal prototype
andusethattocreatea Duck instance,witha speak method. disco’s
prototypeis Duck.The ancestors methodprintstheslotsofanobject’s
prototypeandthencalls ancestors ontheprototype.Keepinmindthat
anobjectcanhavemorethanoneprototype,butwedon’thandlethis

case.To savepaper,wehalttherecursionbeforeprintingalloftheslots

inthe Object prototype.Runitwith ioanimals.io :

Here’stheoutput:

SlotsofDuck

Nosurprisesthere.Everyobjecthasaprototype,andthoseprototypes
areobjectsthathaveslots.Inlo,dealingwithreflectionhastwoparts.
Inthepostofficeexample,yousawmessagereflection.Objectreflection
meansdealingwithobjectsandtheslotsonthoseobjects. Noclasses
areinvolved,anywhere.

WhatWelearnedinDay2

Ifyou’restillfollowing,day2shouldhavebeenabreakthroughdayof
sorts.Ya1  shouldknowenoughlotodobasictaskswithalittlesup-
portfromthedocumentation. Yuknowhowtomakedecisions,define
methods,usedatastructures,andusethebasiccontrolstructures.In
theseexercises,we’llputlothroughitspaces. Getthoroughlyfamiliar
withlo.Yu  willreallywanttohave thebasics downwhenwe move
intoproblemsthatstretchlointothemetaprogrammingandconcur-
rencyspaces.
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Day2Self-Study
Do:

1. AFibonaccisequencestartswithtwo 1s.Eachsubsequentnum-
beristhesumofthetwonumbersthatcamebefore: 1,1,2, 3,
5,8,13,21,andsoon.WeaprogramtofindthenthFibonacci
number. fib(1) isl,and fib4) is3.Asabonus,solvetheproblem
withrecursionandwithloops.

2. Howwouldyouchange / toreturnOifthedenominatoriszero?

3. Weaprogramtoaddupallofthenumbersinatwo-dimensional
array.

4.Addaslotcalled mAexe toalistthatcomputestheaverageof
allthenumbersinalist. Whathappensiftherearenonumbers
inalist?(Bonus:Raiseanloexceptionifanyiteminthelistisnot
anumber.)

5. Wkaprototypeforatwo-dimensionallist.The dim(x,y) method
should allocatealistof vy liststhatare x elementslong. set(x,y,
e shouldsetavalue,and get(x,y) shouldreturnthatvalue.

6. Bonus: We atransposemethod sothat (new_matrixget(y.x)) ==
nkget(x.y) ontheoriginallist.

7. Wethematrixtoafile,andreadamatrixfromalfile.

8. Weaprogramthatgivesyoutentriestoguessarandomnumber
from 1-100. Ifyouwould like, give ahint of “hotter” or “colder”
afterthefirstguess.

3.4 Day3:TheRooeandOtherStrangePlaces

Myfirstfewdayswithlowerefrustrating,butafteracoupleofweeks,

Ifoundmyselfgigglinglikeaschoolgirlattheunexpected placesthe
languagewouldtakeme.It’slikeFerrisshowinguponthenews,atthe

ballpark,intheparade—everywhereyoudon’texpecthim.Intheend,I
gotoutofloexactlywhatlwanted,whichwasalanguagethatchanged

thewayIthink.

Domain-SpecificLanguages
Just about everyone who is deeply involved with Io appreciates the

power thatIo gives you in the area of DSLs. Jeremy Tregunna, one
of the core committers forIo, told me about an implementation ofa
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subsetofCinlothattookaround40linesofcode!Sincethatexample
isjustalittletoodeepforustoconsider,here’sanotheroneofJeremy’s
gems.ThisoneimplementsanAPIthatprovidesaninterestingsyntax
forphonenumbers.

Sayyouwanttorepresentphonenumbersinthisform:

{
"BobSmith":"5195551212",
"MaryWalsh":"4162223434"
}

There are many approaches to the problem ofmanaging such alist.
Twothatcometomindareparsingthelistorinterpretingit. Parsing
itmeansthatyouwouldwriteaprogramtorecognizethevariousele-
mentsofthesyntax,andthenyoucouldplacethecodeinastructure
thatlounderstands.That’'sanotherproblemforanotherday.Itwould
bemuchmorefuntointerpretthatcodeasanlohash.Todothis,you
willhavetoalterlo. Whenyou'redone,lowillacceptthislistasavalid
syntaxforbuildinghashes!

Here’s how Jeremy attacked the problem, with an assist from Chris
Kappler,whobroughtthisexampleuptothecurrentversionoflo:

DownTload io/phonebook.io

OperatorTableaddAssignOperator( ":", "atPutNumber')
curlyBrackets:=method(

r:=Mapclone

callmessageargumentsforeach(arg,

rdoMessage(arg)
)
r
)
MapatPutNumber:=method(
selfatPut(
callevalArgAt(0)asMutableremovePrefix( "\"")removeSuffix(" \""),
callevalArgAt(1))
)
s:=Filewith( "phonebook. txt")openForReadingcontents
phoneNumbers:=doString(s)
phoneNumberskeys printin

phoneNumbersvaluesprintin

Thatcodeisslightlymore complex than anythingyou've seensofar,
butyouknowthebasicbuildingblocks.Let’'sdeconstructit:

OperatorTableaddAssignOperator( ":", "atPutNumber")
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Thefirstlineaddsanoperatortolo’sassignmentoperatortable. When-
ever : isencountered,lowillparsethatas atPutNumber,understanding
thatthefirstargumentisaname(andthusastring),andthesecondis
avalue.So, lg/nde willbeparsedas atPutNumber('key'\de  .Moving
on:
curlyBrackets:=method(

r:=Mapclone

callmessageargumentsforeach(arg,

rdoMessage(arg)

)

r

)

Theparsercallsthe curlyBrackets methodwheneveritencounterscurly
brackets ({}). Wh this method, we create an empty map. Then, we

execute callmessage arguments tisxd(g rdoMessage(arg)) for each
argument.That’saseriouslydenselineofcode!Let’stakeitapart.

Fromlefttoright,wetakethe callmessage ,whichisthepartofthecode
betweenthecurlybrackets. Then,weiteratethrougheachofthephone
numbersinthelistwith  #adh  .Foreachphonenameandphonenum-
ber,weexecute rdoMessage(arg) .Forexample,thefirstphonenumber
willexecuteas r'BobSmith":"61955651212" .Since:isinouroperatortable

as afPutNumber,we’llexecute ratPutNumber('BobSmith",'5195551212") That
bringsustothefollowing:

MapatPutNumber:=method(

selfatPut(
callevalArgAt(0)asMutableremovePrefix( "\"")removeSuffix(" \""),
callevalArgAt(1))
)
Remember, lo/:\de willparseas atPutNumber('key"'\de  .Inourcase,

thekeyisalreadyastring,sowestriptheleadingandtrailingquotes.

Y canseethat atPutNumber simplycalls ofPut onthetargetrange,
whichis self,strippingthequotesoffthefirstargument.Sincemessages
areimmutable,tostripthequotes,wehavetotranslatethemessageto
amutablevalueforittowork.

Yaicanusethecodelikethis:

s:=Filewith( "phonebook. txt")openForReadingcontents
phoneNumbers:=doString(s)

phoneNumberskeys println

phoneNumbersvaluesprintin
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Understandinglo’ssyntaxistrivial. Yajjusthavetoknowwhat’sgoing
oninthelibraries.Inthiscase,youseeafewnewlibraries.The doString
messageevaluatesourphonebookascode, File isaprototypeforwork-
ingwithfiles, with specifiesafilenameandreturnsafileobject, openFor-
Reading opensthatfileandreturnsthefileobject,and contents returns
thecontentsofthatfile. Takentogether,thiscodewillreadthephone
bookandevaluateitascode.

Then, thebracesdefineamap. Eachlineinthemap ‘string1":"string2"
doesa mpatPut('string1","string2") ,andwe’releftwithahashofphone
numbers.So,inlo, sinceyoucanredefineanythingfromoperatorsto
thesymbolsthatmakeupthelanguage, youcanbuild DSLstoyour
heart’scontent.

So,nowyoucanbegintoseehowyouwouldchangelo’ssyntax. How
would you go about dynamically changing the language’s behavior?
That’sthetopicofthenextsection.

lo’smethod_missing

Let’sreview the flow of control. The behavior for what happensina
given message is all baked into Object. When you send an object a
message,itwilldothefollowing:

1. Computethearguments,insideout.Thesearejustmessages.
2. Getthename,target,andsenderofthemessage.

3. Try toreadtheslotwiththenameofthemessageonthetarget.
4. Iftheslotexists,returnthedataorinvokethemethodinside.
5. Iftheslotdoesn’texist,forwardthemessagetotheprototype.

Thesearethebasicmechanicsofinheritancewithinlo. Ya normally
wouldn’tmesswiththem.

Butyoucan.Yaicanusethe tmad  messageinthesamewaythatyou
woulduseRuby’s method_missing, butthestakesarealittlehigher.lo
doesn’thaveclasses,sochanging fwad  alsochangesthewayyouget
anyofthebasicbehaviorsfrom object.It’'sabitlikejugglinghatchets
onthehighwire.It’sacooltrickifyoucangetawaywithit,solet’sget
started!

XMLisaprettyway to structure datawith an ugly syntax. Yat may
wanttobuildsomethingthatletsyourepresentXMLdataaslocode.
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Forexample,youmightwanttoexpressthis:

<body>

<p>
Thisisasimpleparagraph.
</p>

</body>

likethis:

body (
p("Thisisasimpleparagraph.")
)

Let’scallthenewlanguageLispML.We goingtouselo’sforwardlike
amissingmethod.Here’sthecode:

Download io/builder.io

Builder:=0bjectclone

Builderforward:=method(
writeln("<",calImessagename, ">
callmessageargumentsforeach(
arg,
content:=selfdoMessage(arg);
if(contenttype== "Sequence" ,writeln(content)))
writeln("</",calImessagename, ">"))

Builder ul(
1i("Io™),
Ti("Lua™),
1i("JavaScript"))

Let’'scarveitup.TheBuilderprototypeistheworkhorse. Itoverrides

twao topickupanyarbitrarymethod. First, it printsan opentag.
Next,weusealittlemessagereflection. [fthemessageisastring, lo

will recognize it as a sequence, and Builder prints the string without
quotes.Finally, Builder printsaclosingtag.

Theoutputisexactlywhatyou’'dexpect:

<ul>
<Ti>
To
</Ti>
<Ti>
Lua
</Ti>
<Ti>
JavaScript
</Ti>
</ul>
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[havetosay,I'mnotsurewhetherLispMListhatmuchofanimprove-
mentovertraditional XML, buttheexampleisinstructive. Yejust
completelychangedthewayinheritanceworksinoneoflo’sprototypes.
AnyinstanceofBuilderwillhavethesamebehavior.Doingthis,youcan
createanewlanguagewithlo’ssyntaxbutnoneofthesamebehaviors
bydefiningyourown Object andbasingallofyourprototypesonthat
newobject.Yarcanevenoverride Object tocloneyournewobject.

Concurrency

Io has outstanding concurrency libraries. The main components are
coroutines,actors,andfutures.

Coroutines

Thefoundationforconcurrencyisthecoroutine. Acoroutineprovides
awaytovoluntarilysuspendandresumeexecutionofaprocess.Think
ofacoroutineasafunctionwithmultipleentryandexitpoints. Each
yieldwillvoluntarilysuspendtheprocessandtransfertoanotherpro-
cess.Yarcanfireamessageasynchronouslybyusing @ or @@ before
amessage. The formerreturnsafuture (morelater), and the second
returns nil andstartsthemessageinitsownthread.Forexample,con-
siderthisprogram:

Download io/coroutine.io

vizzini:=0Objectclone
vizzinitalk:=method(

"Fezzik,arethererocksahead?" printin
yield

"Nomorerhymesnow, Imeanit." println
yield)

fezzik:=0Objectclone

fezzikrhyme:=method(

yield
"Ifthereare,we'llallbedead." printin
yield
"Anybodywantapeanut?" printin)

vizzini@@talk;fezzik@@rhyme

CoroutinecurrentCoroutinepause

&  and vizzini areindependentinstancesof Object with coroutines.
V¢ fireasynchronous talk and rhyme methods.Theserunconcurrently,
voluntarilyyieldingcontroltotheotheratspecifiedintervalswith the
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yield message.Thelastpausewaitsuntilallasyncmessagescomplete
andthenexits.Coroutinesaregreatforsolutionsrequiringcooperative
multitasking.Whthisexample,twoprocessesthatneedtocoordinate
caneasilydoso,toreadpoetry,forexample:
batate$iocode/io/coroutine.io

Fezzik,arethererocksahead?

Ifthereare,we'llallbedead.

Nomorerhymesnow, Imeanit.

Anybodywantapeanut?
Scheduler:nothinglefttoresumesoweareexiting

JavaandC-basedlanguagesuseaconcurrencyphilosophycalled pre-
emptivemultitasking .Whenyoucombinethisconcurrencystrategywith
objectsthathavechangeablestate,youwindupwithprogramsthatare
hardtopredictandnearlyimpossibletodebugwiththecurrenttesting
strategiesthatmostteamsuse. Coroutinesaredifferent. Wh corou-
tines,applicationscanvoluntarilygiveupcontrolatreasonabletimes.
Adistributedclientcouldrelinquishcontrolwhenwaitingfortheserver.

Wi processescouldpauseafterprocessingqueueitems.

Coroutinesare thebasicbuilding blocksfor higherlevels ofabstrac-
tions like actors. Think of actors as universal concurrent primitives
that can send messages, process messages, and create other actors.
Themessagesanactorreceivesareconcurrent.Inlo,anactorplaces
anincoming message on a queue and processes the contents of the
queuewithcoroutines.

Next,we’lllookintoactors.Ymwon'tbelievehoweasytheyaretocode.

Actors

Actors have a huge theoretical advantage over threads. An actor
changesitsownstateandaccessesotheractors onlythrough closely
controlled queues. Threadscanchangeeachother’sstatewithoutre-
striction.Threadsaresubjecttoaconcurrencyproblemcalled racecon-
ditions,wheretwothreadsaccessresourcesatthesametime,leading
tounpredictableresults.

Here’sthebeautyoflo.Sendinganasynchronousmessagetoanyobject
makesitanactor.Endofstory.Let’stakeasimpleexample.First,we’ll
createtwoobjectscalled && and slower:

Io>slower:=0bjectclone
==> Object_0x1004ebbl8:

Io>faster:=0bjectclone
==> Object_0x100340b10:
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Now,we’lladdamethodcalled start toeach:

Io>slowerstart:=method(wait(2);writeln("slowly"))
==>method(
wait(2);writeln("sTowly")

)
Io>fasterstart:=method(wait(l) ;writeln('"quickly"))
==>method(
wait(l);writeln("quickly™)
)

W cancallbothmethodssequentiallyononelineofcodewithsimple
messages,likethis:

Io>slowerstart; fasterstart

slowly

quickly

==>nil

They startinorder, becausethe firstmessage must finish before the
secondcanbegin. Butwecaneasilymakeeachobjectruninitsown
threadbyprecedingeachmessagewith @@,whichwillreturnimmedi-
atelyandreturnnil:

Io>slower@@start; faster@@start;wait(3)

quickly

slowly

V¢ addanextrawaittotheendsothatallthreadsfinishbeforethe
programterminates, butthat'sagreatresult. W arerunningintwo
threads.W madebothoftheseobjectsactors, justbysendinganasyn-
chronousmessagetothem!

Futures

Iwillfinishuptheconcurrencydiscussionwiththeconceptoffutures.
Afutureisaresultobjectthatisimmediatelyreturnedfromanasyn-
chronousmessagecall.Sincethemessagemaytakeawhiletoprocess,
thefuturebecomestheresultoncetheresultisavailable.Ifyouaskfor
thevalueofafuturebeforetheresultisavailable, theprocessblocks
until thevalueis available. Saywe have amethod that takes along
timetoexecute:

futureResult:=URLwith("http://google.com/")@fetch
Icanexecutethemethodanddosomethingelseimmediatelyuntilthe
resultisavailable:

writeln("Dosomethingimmediatelywhilefetchgoesoninbackground...")

/).
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Then,Icanusethefuturevalue:

writeTn("ThiswillbTlockuntiltheresultisavailable.")
//thislinewillexecuteimmediately

writeln("fetched", futureResultsize,"bytes")
//thiswillblockuntilthecomputationiscomplete

//andIoprintsthevalue
==>1955

The futureResult codefragmentwillreturnafutureobject,immediately.
InIo, a future is not a proxy implementation! The future will block
untiltheresultobjectisavailable. Thevalueisa Future objectuntilthe
resultarrives, and then allinstances ofthevalue pointtotheresult
object.Theconsoleisgoingtoprintthestringvalueofthelaststate-
mentreturned.

Futures in Io also provide automatic deadlock detection. It’s a nice
touch,andtheyareeasytounderstandanduse.

Now thatyou've had a flavor of Io’s concurrency, you have a sound
foundationforevaluatingthelanguage.Let'swrapupday3soyoucan
putwhatyouknowintopractice.

WhatWelearnedinDay3

Inthissection,youlearnedtodosomethingnontrivialinlo. First,we

bent the rules of syntax and built a new hash syntax with braces.

W addedanoperatortotheoperatortableandwiredthatintooper-
ations on a hash table. Next, we built an XML generator that used

method_missing toprintXMLelements.

Next,wewrotesomecodethatusedcoroutinestomanageconcurrency.

The coroutines differed from concurrency in languages like Ruby, C,
andJavabecausethreads could onlychangetheirownstate, leading

toamorepredictableandunderstandableconcurrencymodelandless
ofaneedforblockingstatesthatbecomebottlenecks.

Wesentsomeasynchronousmessagesthatmadeourprototypesactors.
W didn’thavetodoanythingbeyondchangingthesyntaxofourmes-
sages.Finally,welookedbrieflyatfuturesandhowtheyworkedinlo.

Day3Self-Study
Do:
* EnhancetheXMLprogramtoaddspacestoshowtheindentation

structure.
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* Createalistsyntaxthatusesbrackets.

* EnhancetheXMLprogramtohandleattributes:ifthefirstargu-
mentisamap (usethecurlybracketssyntax),add attributesto
theXMLprogram.Forexample:

book({"author":"Tate"}...) wouldprint <bookauthor="Tate"> :

3.5 WrappingUplo

Ioisanexcellentlanguageforlearninghowtouseprototype-basedlan-
guages. LikeLisp, thesyntaxisstunningly simple,butthesemantics
ofthelanguagelend plenty of power. The prototypelanguagesencap-
sulatedataandbehaviorlikeobject-oriented programminglanguages.
Inheritanceissimpler.Therearenoclassesormodulesinlo.Oneobject
inheritsbehaviordirectlyfromitsprototype.

Strengths

Prototypelanguagesaregenerallyquitemalleable. Ymcanchangeany
slotonanyobject.lotakesthisflexibilitytothemax, allowingyouto
quicklycreatethesyntaxyouwant. LikeRuby,someofthetrade-offs
that makeIo so dynamic tend to cap the performance, atleastina
singlethread.Thestrong,modernconcurrencylibrariesoftenmakeloa
goodlanguageforparallelprocessing.Let’slookatwhereloisexcelling
today.

Footprint

Io’sfootprintissmall.Mostoftheproductionloapplicationsareembed-
dedsystems.Thisapplicationmakessense,sincethelanguageissmall,
powerful,andquiteflexible. Thevirtualmachineiseasytoporttodif-
ferentoperatingenvironments.

Simplicity
Io’ssyntaxisremarkablycompact.Yaicanlearnloveryquickly.Once
youunderstandthecoresyntax,everythingelseislearningthelibrary
structures. Ifound thatIcould work my way into metaprogramming
quite quickly, within my firstmonth of using thelanguage. In Ruby,
getting to the same point took a little longer. In Java, it took many
monthstogettothepointwherelcouldmakeanysenseofmetapro-
grammingatall.
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Flexibility
Io’sducktypingandfreedomallowyoutochangeanyslotinanyobject
atanytime.Thisfree-wheelingnaturemeansyoucanchangethebasic

rules of thelanguage to suit your application. It’s quite easy to add
proxiesatanyplacethroughchangingtheforwardslot. Yu canalso
overridekeylanguageconstructsbychangingtheirslotsdirectly. Y
canevencreateyourownsyntaxquickly.

Concurrency

UnlikeJavaandRuby,theconcurrencyconstructsareup-to-dateand
fresh. Actors, futures, and coroutines make it much easier to build
multithreadedapplicationsthatareeasiertotestandhavebetterper-
formance.loalsogivesconsiderablethoughttomutabledataandhow
toavoidit. Havingthesefeaturesbakedintothecorelibrariesmadeit
easytolearnarobustconcurrencymodel. Later, inotherlanguages,
wewillbuildontheseconcepts. YilseeactorsinScala,Erlang,and
Haskell.

Wadress

There’s much tolike aboutlo and some suboptimal aspects as well.
Freedomandf{lexibilitycomeataprice.Also,sincelohasthesmallest
communityofanyofthelanguagesinthisbook,it’sariskierchoicefor
someprojects.Let’stakealookattheproblemsassociatedwithlo.

Syntax

Iohasverylittlesyntaxsugar.Simplesyntaxisadouble-edgedsword.
Ononeside, thecleansyntaxmakeslo, thelanguage,easytounder-
stand.Butthere’sacost.Simplesyntaxoftenmakesithardtocommu-
nicatedifficult conceptsconcisely. Said anotherway, youmay find it
easytounderstandhowagivenprogramusesthelolanguageand,at
thesametime,haveadifficulttimeunderstandingwhatyourprogram
isdoing.

Forapointofcontrast,considerRuby.Atfirst,youmayfindtheRuby
code array[-1] bafflingbecauseyoudon'tunderstandthesyntacticsugar:
-1 isshorthandforthelastelementinthearray. Yuwouldalsoneed
tolearnthat [] isamethodtogetthevalueataspecifiedindexofan
array.Onceyouunderstood those concepts, you'dbeable toprocess
morecodeataglance.Whlo,thetrade-offistheopposite. Yardon't
havetolearnverymuchtogetstarted,butyoudohavetoworkalittle

Reporterratum

yis (P1.0printing.October2010)


http://books.pragprog.com/titles/btlang/errata/add?pdf_page=93

WRAPPING UPIo «d 94

hardertoabsorbconceptsthatmightbeotherwisecommunicatedwith
sugar.

Thebalanceofsyntacticsugarisadifficultone. Addtoomuchsugar,
andit’stoodifficulttolearnalanguageandrememberhowtouseit.

Addtoolittle, andyouneed tospendmore time toexpress codeand

potentiallymoreenergytodebugit. Intheend, syntaxisamatterof
preference.Matzprefersplentyofsugar.Stevedoesn’t.

Community

Right now, the Io community is very small. Yu cannot always find
librariesinlolikeyoucanwithotherlanguages.It'salsohardertofind
programmers. Theseissuesaresomewhatmitigatedbyhavingagood
Cinterface(whichtalkstoavarietyoflanguages)andasyntaxthatis
soeasytoremember. GoodJavaScriptprogrammerscould pickuplo
quickly.Buthavingasmallercommunityisadefiniteweaknessandis
themainthingthatholdspowerful,newlanguagesback.Eitherlowill
getakillerapplicationthatdrivesacceptanceoritwillremainaniche
player.

Rfmooe

Discussingperformanceinavacuumofotherissuessuchasconcur-
rencyandapplicationdesignisnotusuallywise,butlshouldpointout
thatlohasanumberoffeaturesthatwillslowraw,single-threadedexe-
cutionspeed.Thisproblemissomewhatmitigatedbylo’sconcurrency
constructs,butyoushouldstillkeepthislimitationinmind.

FinalThoughts

Ingeneral, Ilikedlearninglo. The simple syntaxand smallfootprint
intrigued me. I also think that, like Lisp, lo has a strong overriding
philosophyofsimplicityandflexibility. Bystayingwiththisphilosophy
uniformlyinthelanguage creation, Steve Dekorte has created some-
thingliketheLispoftheprototypelanguages.Ithinkthelanguagehas
ashottogrow.LikeFerrisBueller,ithasabright,butperilous,future.

Reporterratum

yis (P1.0printing.October2010)


http://books.pragprog.com/titles/btlang/errata/add?pdf_page=94

SallyDibbs,DibbsSally.461-0192.
» Raymond

Chapter 4

Ah, Prolog. Sometimes spectacularly smart, other timesjustasfrus-
trating.Yiigetastoundinganswersonlyifyouknowhowtoaskthe
question.Think RainMan .! IrememberwatchingRaymond, thelead
character, rattleoff Sally Dibbs’phonenumberafterreadingaphone
bookthenightbefore,withoutthinkingaboutwhetherheshould.Wh

both Raymond and Prolog, I often find myselfasking, in equal parts,
“Howdidheknowthat?”’and“Howdidn'theknowthat?”He’safoun-

tain of knowledge, if you can only frame your questions in the right
way.

Prologrepresentsaseriousdeparturefromtheotherlanguageswe’'ve
encounteredsofar. BothloandRubyarecalled imperativelanguages .
Imperativelanguagesarerecipes.Yaitellthecomputerexactlyhowto
doajob.Higher-levelimperativelanguagesmightgiveyoualittlemore
leverage, combining many longer steps into one, butyou're basically
puttingtogetherashoppinglistofingredients and describinga step-
by-stepprocessforbakingacake.

[ttookmeacoupleofweeksofplayingwithPrologbeforelcouldmake

an attempt at this chapter. I used several tutorials as Iramped up,
includingatutorialbyJ.R.Fisher 2 forsomeexamplestowadethrough
andanotherprimerbyA.Aaby 3 tohelpthestructureandterminology
gelforme,andlotsofexperimentation.

Prologisadeclarativelanguage.Yilthrowsomefactsandinferences
atPrologandletitdothereasoningforyou.It’'smorelikegoingtoa

1. RainMan .DVD.DirectedbyBarryLevinson.1988;LosAngeles, CA:MGM,2000.
2. http://www.csupomona.edu/~jrfisher/www/prolog_tfutorial/contents.html
3. hitp://www.lix.polytechnique.fr/~liberti/public/computing/prog/prolog/prolog-tutorial.ntml
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goodbaker.Yardescribethecharacteristicsofcakesthatyoulikeand
letthebakerpicktheingredientsandbakethecakeforyou,basedon
therulesyouprovided. WhProlog,youdon’thavetoknow how.The
computerdoesthereasoningforyou.

Whacasualflipthroughthelnternet,youcanfindexamplestosolve
aSudokuwith fewer than twenty lines of code, crack Rubik’s Cube,
andsolvefamouspuzzlessuchastheTowerofHanoi(aroundadozen
linesofcode).Prologwasoneofthefirstsuccessfullogicprogramming
languages.Yimakeassertionswithpurelogic,andPrologdetermines
whethertheyaretrue.Yucanleavegapsinyourassertions,andProlog
willtrytofillintheholesthatwouldmakeyourincompletefactstrue.

4.1 AboutProlog

Developedin 1972 by Alain Colmerauer and Phillipe Roussel, Prolog
is alogic programming language that gained popularity in natural-
language processing. Now, the venerable language provides the pro-
grammingfoundationforawidevariety of problems, fromscheduling
toexpertsystems.Yicanusethisrules-basedlanguageforexpressing
logicandaskingquestions.LikeSQL, Prologworksondatabases,but
thedatawillconsistoflogicalrulesandrelationships.LikeSQL,Prolog
hastwoparts: onetoexpressthedataand onetoquerythedata.In
Prolog, thedataisintheformoflogicalrules. Thesearethebuilding
blocks:

* Facts. Afactisabasicassertionaboutsomeworld.(Babeisapig;
pigslikemud.)

¢ Rules. Aruleisaninference about the facts in that world. (An
animallikesmudifitisapig.)

* Query. Aqueryisaquestionaboutthatworld. (Does Babelike
mud?)

Factsandruleswillgointoa knowledgebase .APrologcompilercom-
pilestheknowledgebaseintoaformthat’sefficientforqueries. Aswe
walkthroughtheseexamples,you'llusePrologtoexpressyourknowl-
edgebase.Then,you’lldodirectretrievalofdataandalsousePrologto
linkrulestogethertotellyousomethingyoumightnothaveknown.

Enoughbackground.Let’sgetstarted.
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4.2 Dayl:AnExcellentDriver

In Rain Man , Raymond told his brother he was an excellent driver,
meaning he could doafinejob ofhandling the car atfive miles per
hourinparkinglots. Hewasusingall themain elements—thesteer-
ingwheel, thebrakes, theaccelerator—hejustusedtheminalimited
context.That’syourgoaltoday.We goingtousePrologtostatesome
facts,makesomerules,anddosomebasicqueries. Likelo, Prologis
anextremely simplelanguage syntactically. Ya canlearnthesyntax
rules quickly. Therealfunbegins when you layer concepts ininter-
estingways. Ifthisisyour firstexposure, [guarantee eitheryou will
change the way you think oryou’ll fail. W save the in-depth con-
structionforalaterday.

First things first. Get a working installation. I'm using GNU Prolog,
version 1.3.1, for this book. Be careful. Dialects can vary. I'll domy
besttostayoncommonground, butifyouchooseadifferentversion
ofProlog,you’llneedtodoalittlehomeworktounderstandwhereyour
dialectis different. Regardless of the version you choose, here’s how
you'lluseit.

Basicleds

Insomelanguages, capitalizationisentirelyatthe programmer’sdis-
cretion,butinProlog,thecaseofthefirstletterissignificant.Ifaword
begins with alowercase character, it’san atom—a fixed valuelike a
Ruby symbol. Ifitbegins with an uppercaseletter oran underscore,

itsa variable. \ai& values canchange; atomscan’t. Let’'sbuilda
simpleknowledgebasewithafewfacts.Keythefollowingintoanedi-

tor:

Download prolog/friends.pl

Tikes(wallace,cheese).
Tikes(grommit,cheese).
Tikes(wendolene,sheep).

friend(X,Y) :-\+(X=Y),likes(X,Z2),1ikes(Y,Z).

The previous file is a knowledge base with facts and rules. The first
threestatementsarefacts,andthelaststatementisarule. Factsare
directobservationsofourworld.Rulesarelogicalinferencesaboutour
world. Fornow, pay attentiontothefirstthreelines. Theselinesare
eachfacts. wdre , grommit,and weddre areatoms. Yu canread
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themas wie likes cheese, grommit likes cheese,and wedée likes
sheep.Let’'sputthefactsintoaction.

StartyourProloginterpreter.lfyoureusingGNUProlog, typethecom-
mand gprolog.Then,toloadyourfile,enterthefollowing:

|?7-['friends.p1'].

compiling/ Users/batate/prag/Book/code/prolog/friends.plforbytecode...
/Users/batate/prag/Book/code/prolog/friends.plcompiled,41inesread-
997byteswritten,llms

yes
|7

UnlessPrologiswaitingonanintermediateresult,itwillrespondwith

ys or no.Inthiscase,thefileloadedsuccessfully,soitreturned s .
W canstarttoasksomequestions.Themostbasicquestionsare =)
and no questionsaboutfacts.Askafew:

|?-Tikes(wallace, sheep).

no
|?-1ikes(grommit,cheese).

yes

Thesequestionsareprettyintuitive.Does  wiz  likesheep?(No.)Does
grommit like cheese?(Yes.)Thesearenottoointeresting: Prologisjust
parrotingyourfactsbacktoyou.Itstartstogetalittlemoreexciting
whenyoustarttobuildinsomelogic.Let’stakealookatinferences.

BasiclnferencesandV ariables
Let’strythe friend rule:

|?7-friend(wallace,wallace).

no

So, Prologisworkingthroughtheruleswe gaveitand answering =)
or no questions.There’smoreherethanmeetstheeye. Checkoutthe
friend ruleagain:

InEnglish,for X tobeafriendof VY, X cannotbethesameas Y.Lookat
thefirstparttotherightof :-,calleda subgoal. \+ doeslogicalnegation,
so \+(X=Y) means X isnotequalto V.
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Try somemorequeries:

| ?-friend(grommit,wallace).

yes
|?-friend(wallace,grommit).

yes

InEnglish, X isafriendof VY ifwecanprovethat X likessome Z and Y
likesthatsame Z.Both wdre  and grommit like cheese,sothesequeries

succeed.
Let’sdiveintothecode.Inthesequeries, X isnotequalto Y,provingthe
firstsubgoal. Thequerywillusethesecondandthirdsubgoals, likes(X,

2) and likes(Y.Z) . grommit and wdie ~ like cheese,soweprovethesecond
andthirdsubgoals.Try anotherquery:

| ?-friend(wendolene,grommit).

no

Inthiscase,Prologhadtotryseveralpossiblevaluesfor X, Y,and Z:
* waude , grommit,and cheese
* waude , grommit,and sheep

Neither combination satisfied both goals, that wadie likes Z and
grommit likes Z.Noneexisted, sothelogicenginereported no,theyare
notfriends.

Let’sformalizetheterminology.This...

friend(X,Y) :-\+(X=Y),likes(X,Z),1ikes(Y,2).

...isa Prolog rule with three variables, X, Y,and Z.W& calltherule
friend/2,shorthandfor friend withtwoparameters.Thisrulehasthree
subgoals,separatedbycommas.Allmustbetruefortheruletobetrue.

So,ourrulemeans X isafriendof VY if X and Y arenotthesameand X
and Y likethesame 7.

FillingintheBlanks

We  usedPrologtoanswersome s or no questions,butwecando
more than that. In this section, we’ll use the logic engine to find all
possiblematchesforaquery.Todothis,youwillspecifya variable in

yourquery.

Reporterratum

opyis (P1.0printing.October2010)


http://books.pragprog.com/titles/btlang/errata/add?pdf_page=99

DAY 1: AN EXCELLENT DRIVER < 100

Considerthefollowingknowledgebase:

Download prolog/food.pl

food_type(velveeta,cheese).
food_type(ritz,cracker).
food_type(spam,meat).
food_type(sausage,meat).
food_type(jolt,soda).
food_type(twinkie,dessert).

flavor(sweet,dessert).
flavor(savory,meat).
flavor(savory,cheese).
flavor(sweet,soda).

food_flavor(X,Y):-food_type(X,Z),flavor(Y,2).

W haveafewfacts.Some, suchas tadipdey cheese) ,mean
a 6tod hasacertain type.Others,suchas flavor(sweet,dessert) ,mean
afood type hasacharacteristic flavor. Finally, we have arule called

tofoo thatinferstheflavoroffood. Afood X hasa 6tofooY if
thefoodisofa  todtpeZ andthat Z alsohasthatcharacteristic flavor.
Compileit:

|?-['code/prolog/food.p1'].

compiling/ Users/batate/prag/Book/code/prolog/food.plforbytecode...
/Users/batate/prag/Book/code/prolog/food.plcompiled,
121inesread-1557byteswritten, 15ms

(1ms)yes

andasksomequestions:

| 7-food_type(What,meat) .
What=spam?;

What=sausage?;

no
Now,that’sinteresting. We askingProlog,“Findsomevaluefor =~ What
thatsatisfiesthequeryfood_type(What,meat). ”Prologfoundone, spam.

Whenwe typedthe :, wewere asking Prolog to find another, and it
returned sausage. They were easy values to find since the queries
depended onbasicfacts. Then, we asked for another, and Prologre-

spondedwith no.Thisbehaviorcanbeslightlyinconsistent.Asaconve-
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nience,ifPrologcandetectthattherearenomorealternativesremain-
ing,youllseea s .IfPrologcan’timmediatelydeterminewhetherthere
aremorealternativeswithoutdoingmorecomputation, itwillprompt
youforthenextandreturn no.Thefeatureisreallyaconvenience.If
Prologcangiveyouinformationsooner,itwill. Try afewmore:

| 7-food_flavor(sausage, sweet).
no
| 7-flavor(sweet,What) .
What=dessert?;
What=soda

yes

No, sausage isnot sweet.Whatfoodtypesaresweet? dessert and soda.
Theseareallfacts.ButyoucanletPrologconnectthedotsforyou,too:

| 7-food_flavor (What, savory).
What=velveeta?;

What=spam?;

What=sausage?;

no

Remember, todfoaXY) isarule,notafact. We askingPrologto
findallpossiblevaluesthatsatisfythequery,“Whatfoodshaveasavory
flavor?”Prologmusttietogetherprimitivefactsaboutfood, types,and
flavorstoreachtheconclusion.Thelogicenginehastoworkthrough
possiblecombinationsthatcouldmakeallthegoalstrue.

MapColoring

Let’'susethesameideatodomapcoloring.Foramorespectacularlook
atProlog,takethisexample.Wewanttocoloramapofthesoutheastern
United States. W coverthestatesshowninFigure4.1,onthenext
page. W donotwanttwostatesofthesamecolortotouch.
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Tennessee

Mississippi Alabama Georgia

Florida

Figure4.1:Mapofsomesoutheasternstates

W codeupthesesimplefacts:
Download prolog/map.pl

different(red,green).different(red,blue).
different(green,red).different(green,blue).
different(blue,red).different(blue,green).

coloring(Alabama,Mississippi,Georgia,Tennessee,Florida):-
different(Mississippi,Tennessee),
different(Mississippi,Alabama),
different(Alabama,Tennessee),
different(Alabama,Mississippi),
different(Alabama,Georgia),
different(Alabama,Florida),
different(Georgia,Florida),
different(Georgia,Tennessee).

W havethreecolors.W  tellPrologthesetsofdifferentcolorstouse
inthemapcoloring. Next,wehavearule.Inthe coloring rule,wetell
Prologwhichstatesneighborothers,andwe’redone.Try it:

|?-coloring(Alabama,Mississippi,Georgia,Tennessee,Florida).

Alabama=blue
Florida=green
Georgia=red
Mississippi=red
Tennessee=green?
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Sureenough,thereisawaytocolorthesefivestateswiththreecolors.

Yu cangettheotherpossible combinations tooby typing a.Wha
dozenlinesofcode,we’redone.Thelogicisridiculouslysimple—achild
couldfigureitout.Atsomepoint,youhavetoaskyourself...

Where’stheProgram?

W havenoalgorithm!Try solvingthisproblemintheprocedurallan-
guage of your choice. Is your solution easy to understand? Think
through what you’d have to do to solve complex logic problems like
thisinRubyorlo.Onepossiblesolutionwouldbeasfollows:

1. Collectandorganizeyourlogic.

2. Expressyourlogicinaprogram.

3. Findallpossiblesolutions.

4. Putthepossiblesolutionsthroughyourprogram.

Andyouwouldhavetowritethisprogramoverandover.Prologletsyou
expressthelogicinfactsandinferencesandthenletsyouaskques-
tions. Ysknotresponsibleforbuildinganystep-by-steprecipewith
thislanguage. Prologis not about writing algorithms to solve logical
problems.Prologisaboutdescribingyourworldasitisandpresenting
logicalproblemsthatyourcomputercantrytosolve.

Letthecomputerdothework!

Unification,Rt1

Atthispoint,it’stimetobackupandprovidealittlemoretheory.Let’s

shine alittlemorelight on unification. Somelanguages use variable
assignment.InJavaorRuby,forexample, x=10 meansassign 10 tothe
variable x.Unificationacrosstwostructurestriestomakebothstruc-
turesidentical. Considerthefollowingknowledgebase:

Download prolog/ohmy.pl
cat(lion).

cat(tiger).

dorothy(X,Y,Z):-X=11ion,Y=tiger,Z=bear.
twin_cats(X,Y):-cat(X),cat(Y).

Inthisexample, = means unify,ormakebothsidesthesame.W have
twofacts:lionsandtigersarecats. W alsohavetwosimplerules.In
dorothy/3, X, Y,and Z are lion, tiger,and bear,respectively.In twin_cats/2,
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Xisa cat,and VYisa caf.W canusethisknowledgebasetoshedalittle
lightonunification.

First, let’suse thefirstrule. I'll compile and then do a simple query
withnoparameters:

| ?-dorothy(1ion,tiger,bear).

yes

Remember, unification means “Find the values that make both sides
match.” On theright side, Prologbinds X, Y,and Z to lion, tiger,and
bear. Thesematchthecorrespondingvaluesontheleftside, sounifi-
cationissuccessful.Prologreports s .Thiscaseisprettysimple,but
wecanspiceitupalittlebit. Unificationcanworkonbothsidesofthe
implication.Try thisone:

| 7-dorothy(One,Two,Three).

One=Tion
Three=bear
Two=tiger

yes

This example has one more layer of indirection. In the goals, Prolog
unifies X, Y,and Z to lion, tiger,and bear.Ontheleftside,Prologunifies
X, Y,and Zto One, Wwo ,and Three andthenreportstheresult.

Now,let’sshifttothelastrule, twin_cats/2. Thisrulesays twin_cats(X.Y)
istrueifyoucanprovethat X and Y arebothcats.Try it:

| ?-twin_cats(One,Two) .

One=Tion
Two=T1ion?

Prologreportedthefirstexample. lion and lion arebothcats.Let’ssee
howitgotthere:

1.V issuedthequery fwin_cafs(One ) .Prologbinds One to X and
o to Y.Tosolvethese, Prologmuststartworking through the
goals.

2.Thefirstgoalis  cat(X).

3.V havetwofactsthatmatch, cat(lion) and cat(tiger).Prologtries
thefirstfact,binding X to lion,andmovesontothenextgoal.
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4. Prolognowbinds Y to caf(Y).Prologcansolvethisgoalinexactly
thesamewayasthefirst,choosing lion.

5. We satisfiedbothgoals,sotheruleissuccessful.Prologreports
thevaluesof One and Wwo thatmadeitsuccessfulandreports e .

So,wehavethefirst solutionthatmakestherulestrue. Sometimes,

onesolutionisenough. Sometimes, youneedmorethanone. W can
nowstepthroughsolutionsonebyonebyusing ;,orwecangetallof
therestofthesolutionsbypressing a.

Two=Tion?a

One=Tion
Two=tiger

One=tiger
Two=T1ion

One=tiger
Two=tiger

(1ms)yes

NoticethatPrologisworkingthroughthelistofallcombinationsof X
and Y, giventheinformationavailableinthegoalsandcorresponding
facts.Asyou’llseelater,unificationalsoletsyoudosomesophisticated
matchingbasedonthestructureofyourdata.That'senoughfordayl.

We  goingtodoalittlemoreheavyliftinginday2.

ProloginPractice

Ithastobealittledisconcertingtoseea“program”presentedinthis
way. In Prolog, there’snot often a finely detailed step-by-steprecipe,
onlyadescription ofthe cakeyou’lltake outofthe panwhenyou're
done.WhenlwaslearningProlog,ithelpedmetremendouslytointer-
viewsomeonewhohadusedthelanguageinpractice.ltalkedtoBrian
Tarboxwho used thislogiclanguage to create schedules forworking
withdolphinsforaresearchproject.

AnlInterviewwithBrianTtho DolphinResearcher

Bruce: CanyoutalkaboutyourexperienceslearningProlog?
Brian: IlearnedPrologbackinthelate 1980swhenlwasingradu-
ate schoolatthe University of Hawaiiat Manoa. [was working atthe

KewaloBasinMarineMammalLaboratorydoingesethintothecogni-
tivecapabilitiesofbottlenoseddolphins. AtthetimelInoticedthatmuch
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ofthediscussionatthelabconcerned people’s theories abouthowthe
dolphinsthought.We  worked primarilywithadolphinnamed Akeaka-
mai, or Ake for short. Many debates started with “Well, Ake probably
seesthesituationlikethis.”

Idecidedthatmymaster’sthesiswouldbetotrytocreateanexecutable
modelthatmatchedourbeliefsaboutAke’sunderstandingoftheworld,
oratleastthetiny subsetofitthat we were doing eseth on. Ifour
executablemodelpredicted Ake’s actualbehavior, wewouldgainsome
confidenceinourtheoriesaboutherthinking.

Prologisawonderfullanguage, butuntilyoudrinkthe Kool-Aid, itcan
giveyousome pretty weird ek Imlone of my firstexperiments

with Prolog, writing something along the lines of x=x+ 1. Prolog e
sponded “no.” Languagesdon’tjustsay “no. ”Theymightgivethewrong
answeror failtocompile, butl hadnever had alanguagetalkbackto
me.So,IcalledPrologsupportandsaidthatthelanguagehadsaid “no”
whenltried tochange the value of avariable. They asked me, “Why
wouldyouwanttochangethevalueofavariable?” Imean, whatkind
oflanguagewon’tletyouchangethevalueofavariable?Onceyougrok
Prolog, youunderstand that variables either have particular values or
areunbound, butitwasunsettlingatthetime.

Bruce: HowhaveyouusedProlog?

Brian: Idevelopedtwomainsystems:thedolphinsimulatorandalab-
oratory scheduler. Thelabwouldrunfourexperimentsadaywitheach
offourdolphins. Yat havetounderstandthateethdolphinsarean
incrediblylimitedesreEachdolphinwasworkingondifferentexper-
iments,andeachexperimentegizladifferentsetofpersonnel.Some
roles, suchas the actualdolphintrainer, could be filled by only a few
people.Otherrolessuchasdatarmrircouldbedonebyseveralpeo-
plebutstillgiltraining. Mostexperimentseyizlastaffofsixto
adozenpeople.Wehadgraduatestudents,undergraduates,andEarth-
watchvolunteers. Every personhadtheirown schedule andtheirown
shiftsetofskills. Finding a schedule that utilized everyone and made
surealltasksweredonehadbecomeatfuill-timejobforoneofthestaff.

IdecidedtotrytobuildaProlog-basedschedulebuilder.Itturnedoutto
beaproblemtailor-madeforthelanguage.lbuiltasetoffactsdescribing
eachperson’sskillset, eachperson’s schedule, andeachexperiment’s
rmimesicouldthenbasicallytellProlog “malkeitso. ”Foreachtask

listed in an experiment, the language would find an available person
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withthatskillandbindthemtothetask.Itwouldcontinueuntiliteither
satisfied the needs of the experiment or was unable to. If it could not
findavalidbinding, itwouldstartundoingpreviousbindingsandtrying
againwithanothercombination. Intheend, itwouldeitherfindavalid
scheduleordeclarethattheexperimentwasover-constrained.

Bruce: Aretheresomeinterestingexamples offacts, rules, orasser-
tionsetltodolphinsthatwouldmakesensetoouredss

Brian: Therewasoneparticularsituationlmerterwherethesim-

ulated dolphin helped us understand Ake’s actual behavior. Ake e
sponded to a gestural sign language containing “sentences” such as
“hoopthrough”or “rightballtail-touch.” e wouldgiveherinstructions,
andshewouldewad

Partofmyeathwastotrytoteachnewwordssuchas “not. ”Inthis

context, “touchnotball”meanttouchanythingbuttheball. Thiswasa
hardproblemforAketosolve, butthemethwas proceedingwellfor

awhile. Atone point, however, she started simply sinking underwater
wheneverwegavehertheinstruction. é didn’tunderstanditall. This
canbeaveryfrustratingsituationbecauseyoucan’'taskadolphinwhy
itdidsomething.So,wepresentedthetrainingtasktothesimulateddol-
phinandgotaninterestingeitAlthoughdolphinsareverysmart,they
willgenerallytrytofindthesimplestanswertoaproblem. Wehadgiven
thesimulateddolphinthesameheuristic. ItturnsoutthatAke’sgestu-
rallanguageincludeda “word” foroneofthewindowsinthetank.Most
trainershadforgottenaboutthiswordbecauseitwasrarelyused. The
simulated dolphindiscoveredtherulethat “window” was asuccessful
goweto “notball.” [twas alsoasuccessfulemgeto “nothoop,”
“notpipe,”and “notfrisbee.” \é hadguardedagainstthispatternwith
theotherobjectsbychangingthesetofobjectsinthetankforanygiven

trial, but obviously we could not Bree the window. Itturns outthat
whenAkewassinkingtothebottomofthetankshewaspositionednext
tothewindow, thoughlcouldnotseethewindow!

Bruce: WhatdoyoulikeaboutPrologthemost?

Brian: Thedeclarativeprogrammingmodelisveryappealing. Ingen-
eral, ifyoucandescribe the problem, youhave solved the problem. In
most languages I've found myself arguing with the computer at some
pointsaying, “Youknow whatImean;justdoit!” C and C++compiler
errorssuchas “semicolonexpected”aresymbolicofthis.Ifyouexpected
asemicolon, howaboutinsertingoneand seeingwhetherthatfixesit?
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InProlog,alllhadtodointheschedulingproblemwasbasicallysay, “I
wantadaythatlookslikethis, sogomakemeone”anditwoulddoit.

Bruce: Whatgaveyouthemosttrouble?

Brian: Prologseemedtobeanall-or-nothingapproachtoproblems,or
atleasttotheproblemsIwasworkingon.Inthelaboratory scheduling
problem, the systemwould churn for 30 minutes and then either give
us a beautiful schedule for the day or simply print “no.” “No” in this
casemeantthatwehadover-constrainedtheday,andtherewasnofull
solution. Itdid not, however, give us a partial solutionormuchofany
informationaboutwheretheover-constraintwas.

Whatyouseehereis an extremely powerful concept. Yi don’thave
todescribe the solution toa problem. Ya have only todescribe the
problem.Andthelanguageforthedescriptionoftheproblemislogic,
onlypurelogic. Startfromfactsandinferences, andlet Prologdothe

rest. Prolog programs are at a higherlevel of abstraction. Schedules
andbehaviorpatternsaregreatexamplesofproblemsrightinProlog’s
wheelhouse.

WhatWelLearnedinDay 1

Today, we learned the basic building blocks of the Prolog language.
RatherthanencodingstepstoguidePrologtoasolution, weencoded
knowledgeusingpurelogic. Prologdid thehardworkofweavingthat
knowledgetogethertofindsolutions. W putourlogicintoknowledge
basesandissuedqueriesagainstthem.

Afterwebuiltafewknowledge bases, we then compiled and queried
them.Thequerieshadtwoforms.First,thequerycouldspecifyafact,

andPrologwouldtelluswhetherthefactsweretrueorfalse.Second,

webuiltaquerywithoneormorevariables. Prologthencomputedall

possibilitiesthatmadethosefactstrue.

V¢ learned that Prolog worked through rules by going through the
clausesforaruleinorder.Foranyclause,Prologtriedtosatisfyeachof
thegoalsbygoingthroughthepossiblecombinationsofvariables. All
Prologprogramsworkthisway.

Inthesectionstocome,we'regoingtomakemorecomplexinferences.
Wealsogoingtolearntousemathandmorecomplexdatastructures
suchaslists,aswellasstrategiestoiterateoverlists.
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Day1Self-Study
Find:

* SomefreePrologtutorials

¢ Asupportforum(thereareseveral)

* OneonlinereferenceforthePrologversionyoureusing
Do:

* Makeasimple knowledge base. Represent some ofyour favorite
booksandauthors.

¢ Findallbooksinyourknowledgebasewrittenbyoneauthor.

* Makeaknowledgebaserepresentingmusiciansandinstruments.
Alsorepresentmusiciansandtheirgenreofmusic.

¢ Findallmusicianswhoplaytheguitar.

4.3 Day2:FifteenMinutestoWpe

GrumpyJudge Wpw from ThePeople’sCourt isanobsessionofthe
centralcharacterin RainMan .Likemostautistics,Raymondobsesses
overallthingsfamiliar.HelatchedontoJudgeWpeand ThePeople’s
Court.Asyou’replowingthroughthisenigmaticlanguage,youmightbe
readyforthingstostarttoclick. Now,youmightbeoneofthelucky
readerswhohaseverythingclickforthemrightaway, butifyoudon’t,
takeheart.Today, therearedefinitely “fifteenminutesto Wp# Sit
tight. W willneedafewmoretoolsinthetoolbox. Yillearntouse
recursion,math,andlists.Let’'sgetgoing.

Recursion

Rubyandlowereimperativeprogramminglanguages. Yuwouldspell
outeachstepofanalgorithm.Prologisthefirstofthedeclarativelan-
guageswe’lllookat.Whenyou redealingwithcollectionsofthingssuch
aslistsortrees,you’lloftenuserecursionratherthaniteration. W
lookatrecursionand useittosolvesome problemswithbasicinfer-
ences,andthenwe’llapplythesametechniquetolistsandmath.

Takealookatthefollowingdatabase.ltexpressestheextensivefamily
treeoftheWhs charactersinal963movieandsubsequentseries.
[texpressesafatherrelationshipandfromthatinferstheancestorrela-
tionship. Since an ancestor can mean a father, grandfather, or great
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grandfather,wewillneedtonesttherulesoriterate.Sincewe'redeal-
ingwithadeclarativelanguage, we'regoingtonest. Oneclauseinthe
ancestor clausewilluse ancestor.Inthiscase, ancestor(ZY) isarecursive
subgoal.Here’stheknowledgebase:

Download prolog/family.pl

father(zeb, john_boy_sr).

father(john_boy_sr,john_boy_jr).

ancestor(X,Y):-
father(X,Y).
ancestor(X,Y):-
father(X,Z),ancestor(Z,Y).

tre  isthecoresetoffactsthatenablesourrecursivesubgoal. Therule
ancestor/2 hastwoclauses.Whenyouhavemultipleclausesthatmake
uparule,onlyoneofthemmustbetruefortheruletobetrue.Think

ofthe commas between subgoals as and conditions and the periods
betweenclausesas or conditions.Thefirstclausesays® X isthe ancestor
of Yif X isthe e  of Y.”That’sastraightforwardrelationship.W can
trythatrulelikethis:

| 7-ancestor(john_boy_sr,john_boy_jr).
true?

no

Prolog reports true, john_boy_sr isan ancestor of john_boy_jr. This first
clausedependsonafact.

Thesecondclauseismorecomplex: ancestor(X.Y):-thekZ) ancestor(Z,
Y). Thisclausesays X isan ancestor of Y ifwecanprovethat X isthe
tte  of Z andwecanalsoprovethatsame Zisan ancestor of Y.

Whew.Let’'susethesecondclause:

| ?-ancestor(zeb, john_boy_jr).

true?

Ys zeb isanancestorof john_boy_jr.Asalways,wecantryvariablesin
aquery,likethis:

| 7-ancestor(zeb,Who) .
Who=john_boy_sr?a
Who=john_boy_jr

no
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Andweseethat zeb isanancestorfor john_boy_jr and john_boy_sr.The
ancestor predicatealsoworksinreverse:

| 7-ancestor (Who, john_boy_jr).
Who=john_boy_sr?a
Who=zeb

(1ms)no

That’sabeautifulthing,becausewecanusethisruleinourknowledge
basefortwopurposes,tofindbothancestorsanddescendants.

Abriefwarning. Whenyouuserecursivesubgoals,youneedtobecare-
fulbecauseeachrecursivesubgoalwillusestackspace,andyoucan
eventuallyrunout.Declarativelanguagesoftensolvethisproblemwith
atechniquecalled tailmsnoptimization .Ifyou can position the
recursive subgoal atthe end ofarecursiverule, Prolog can optimize

the call todiscard the call stack, keeping the memory use constant.
Ourcallistailrecursivebecausetherecursive subgoal, ancestor(Z,Y) ,
isthelastgoalintherecursiverule. WhenyourPrologprogramscrash
byrunningoutofstackspace,you’llknowit’stimetolookforawayto
optimizewithtailrecursion.

Whthatlastbitofhousekeepingoutoftheway,let’'sstarttolookat
listsandtuples.

ListsandTgs

ListsandtuplesareabigpartofProlog. Yarcanspecifyalistas 123 ]
andatupleas (1.2.3) .Listsarecontainersofvariablelength,andtuples
arecontainerswithafixedlength.Bothlistsandtuplesgetmuchmore
powerfulwhenyouthinkofthemintermsofunification.

Unification,Ri2

Remember, when Prologtries tounifyvariables, ittriestomakeboth
theleftandrightsidesmatch. Twotuplescanmatchiftheyhavethe
samenumberofelementsand eachelementunifies. Let’'stakealook
atacoupleofexamples:

|?_(1’213)=(1y2,3).

yes
I?_(11273)=(1127314)-

no
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|7-(1,2,3)=(3,2,1).
no

Twotuplesunifyifalltheelementsunify. Thefirsttupleswereexact
matches,thesecondtuplesdidnothavethesamenumberofelements,
andthethirdsetdidnothavethe sameelementsinthe sameorder.
Let’smixinsomevariables:

[?7-(A,B,0=(1,2,3).

ﬁ?}
w N R

yes
[?7-(1,2,3)=(A,B,0).

ﬁ?)
w N R

yes
|?7-(A,2,0=(1,8,3).

ﬁ$>
w N R

yes

Itdoesn’treallymatterwhichsidesthevariablesareon. Theyunifyif
Prologcanmake themthe same. Now, forsomelists. They canwork
liketuples:

|7-[1,2,3]=[1,2,3].

yes
|?-[1,2,3]1=[X,Y,Z].

N-”<><
w N R

yes
|?_[2,2,3]=[X,X,Z] .

X=2
7=3
yes
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|?-[1,2,3]=[X,X,Z].

no

[?-[1=[1.

Thelasttwoexamplesareinteresting. XXZ ]and [223 ] unifiedbecause
Prologcould makethemthe samewith X=2 .[1,23]=[XX,Z ] didnot
unifybecauseweused X forboththefirstand second positions, and
thosevalueswere different. Lists have a capability that tuples don’t.

Yu candeconstructlistswith [Head|t ]. Whenyou unifyalistwith
thisconstruct, Head willbindtothefirstelementofthelist,and G will
bindtotherest,likethis:

|?-[a,b,c]=[Head|Tail].

Head=a
Tail=[b,c]

yes

[Head[@ | won'tunifywithanemptylist,butaone-elementlistisfine:

|?-[]=[Head|Tail].

no
| ?-[a]=[Head|Tail].

Head=a
Tail=[]

yes

Yucangetcomplicatedbyusingvariouscombinations:

|?-[a,b,c]=[a|Tail].
Tail=[b,c]

(1ms)yes

Prologmatchedthe o andunifiedtherestwith @ .Orwecansplitthis
tailintotheheadandtail:

|?-[a,b,c]=[a| [Head|Taill].

Head=b
Tail=[c]

yes
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Orgrabthethirdelement:
|?-[a,b,c,d,e]l=[_,_|[Head|_]].

Head=c

yes

_ isawildcardandunifieswithanything.Itbasicallymeans“ldon’tcare
what’sinthisposition.”"WtoldPrologtoskipthefirsttwoelementsand
splittherestintoheadandtail. The Head willgrabthethirdelement,
andthetrailing _ willgrabthetail,ignoringtherestofthelist.

Thatshouldbeenoughtogetyoustarted.Unificationisapowerfultool,
andusingitinconjunctionwithlistsandtuplesisevenmorepowerful.

Now.youshouldhaveabasicunderstandingofthecoredatastructures
inPrologandhowunificationworks.We nowreadytocombinethese
elementswithrulesandassertionstodosomebasicmathwithlogic.

ListsandMath

Inournextexample,lthoughtl’dshowyouanexampleofusingrecur-
sionandmathtooperateonlists.Theseareexamplestodocounting,
sums,andaverages.Fiverulesdoallthehardwork.

Download prolog/list_math.pl

count(0,[1).
count(Count, [Head|Tail]) :-count(TailCount,Tail),CountisTailCount+1.

sum(0, [1).
sum(Total, [Head|Tail]l) :-sum(Sum,Tail),TotalisHead+Sum.

average(Average,List) :-sum(Sum,List),count(Count,List),AverageisSum/Count.
Thesimplestexampleis count.Useitlikethis:

| 7-count(What, [1]).

What=17;

no

Therulesaretriviallysimple. Thecountofanemptylistis 0.Thecount
ofalististhecountofthetailplusone.Let’stalkabouthowthisworks,
step-by-step:

*W issuethequery count(What, [1]),whichcan’tunifywiththefirst
rule,becausethelistisnotempty. W moveontosatisfyingthe
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goalsforthesecondrule, count(Count, [Head|@ ]).W unify,bind-
ing What to Count, Head to 1,and @ to [].

¢ Afterunification,thefirstgoalis count(TailCount, []).Wétrytoprove
thatsubgoal. This time, we unify with the firstrule. Thatbinds

ot to O0.Thefirstruleisnowsatisfied,sowecanmoveonto
thesecondgoal.

* Now,weevaluate Countistart +1. W canunifyvariables. @
Count isboundto0,sowebind Count to 0+1 ,or 1.

Andthat’sit. W  didnotdefinearecursiveprocess.Wé definedlogical
rules.Thenextexampleisaddinguptheelementsofalist. Here’sthe
codeforthoserulesagain:

sum(0, [1).
sum(Total,[ Head|Tail]):-sum( Sum,Tail ),TotalisHead+Sum.

Thiscodeworkspreciselylikethecountrule.Italsohastwoclauses,a
basecaseandtherecursivecase. Theusageissimilar:

| 7-sum(What, [1,2,3]).
What=67;
no

Ifyoulookatitimperatively, sum worksexactlyasyouwouldexpectin
arecursivelanguage.The sum ofanemptylistiszero;thesumofthe
restisthe Head plusthe sum ofthe @ .

Butthere’sanotherinterpretation here. W haven’treally told Prolog
howtocomputesums.Wemerelydescribedsumsasrulesandgoals.
Tosatisfy someofthegoals, thelogicengine must satisfy some sub-
goals.Thedeclarativeinterpretationisasfollows:“Thesumofanempty
listiszero,andthesumofalistis W ifwecanprovethatthesumof
thetailplustheheadis  ® ."Wereplacingrecursionwiththenotion
ofprovinggoalsandsubgoals.

Similarly,thecountofanemptylistiszero;the count ofalistisonefor
the Head plusthe count ofthe @ .

Aswithlogic,theserulescanbuildoneachother.Forexample,youcan
use sum and count togethertocomputeanaverage:

average(Average,List ):-sum( Sum,List ),count(Count ,List ),AverageisSum/ Count.
So,the average of List is Aee ifyoucanprovethat

ethe sum ofthat List is Sum,
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ethe count ofthat List is Count,and
* Aaxe is Sum/Count.
Anditworksjustasyou’dexpect:
| 7-average (What, [1,2,3]).

What=2.07;

no

UsingRulesinBothDirections

Atthispoint,youshouldhaveafairlygoodunderstandingothowrecur-
sionworks.I'mgoingtoshiftgearsalittlebitandtalkaboutatightlittle
rulecalled append.Therule append(List] List2,List3) istrueif List3 is List1
+ List2.It'sapowerfulrulethatyoucanuseinavarietyofways.

That shortlittle bit of code packs a punch. Ya1 canuseitin many
differentways.It'saliedetector:

| ?-append([oil], [water], [oil,water]).

yes
| ?-append([oil], [water], [0oil,sTick]).

no

It’salistbuilder:
| ?-append([tiny], [bubbles],What).

What=[tiny,bubbles]

yes

Itdoeslistsubtraction:

| 7-append([dessert_topping],Who, [dessert_topping, floor_wax]).
Who=[fToor_wax]

yes

Anditcomputespossiblepermutations:

| ?-append(One,Two, [apples,oranges,bananas]).

One=[]
Two=[apples,oranges,bananas]?a

One=[apples]
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Two=[oranges,bananas]

One=[apples,oranges]
Two=[bananas]

One=[apples,oranges,bananas]
Two=[]

(1ms)no

So, onerulegivesyou four. Yu may thinkthatbuildingsucharule
willtakealotofcode. Let’s find outexactly howmuch. Let’srewrite
theProlog append,butwe’llcallit  concatenate. W takeitinseveral
steps:

1. Wearulecalled concatenate(List1 List2 List3) thatcanconcatenate
anemptylistto  List1.

2. Addarulethatconcatenatesoneitemfrom List1 onto List2.
3. Addarulethatconcatenatestwoandthreeitemsfrom List1 onto
List2.

4. Seewhatwecangeneralize.

Let’'sgetstarted. Ourfirststepistoconcatenateanemptylistto List1.
That’safairlyeasyruletowrite:

Download prolog/concat_step_1.pl

concatenate([],List,List).

Noproblem. concatenate istrueifthefirstparameterisalistandthe
nexttwoparametersarethesame.

Itworks:
| 7-concatenate([], [harry],What).

What=[harry]

yes

Ontothenextstep.Let’saddarulethatconcatenatesthefirstelement
of List1 tothefrontof List2:

Download prolog/concat_step_2.pl

concatenate([],List,List).
concatenate([Head|[]],List, [Head|List]).

For concatenate(list1,List2,List3) ,webreak List1 intotheheadandtail,
with the tail being an empty list. W break our third element into
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theheadandtail,using ListI’sheadand List2 asthetail. Rememberto
compileyourknowledgebase.ltworksjustfine:

| 7-concatenate([malfoy], [potter],What).
What=[malfoy,potter]

yes

Now, we can define another couple of rules to concatenate lists of
lengths2and3.Theyworkinthesameway:

Download prolog/concat_step_3.pl

concatenate([],List,List).

concatenate([Head|[]],List, [Head|List]).
concatenate([Headl|[Head2|[]]],List, [Headl,Head2|List]).
concatenate([Headl| [Head2|[Head3|[]]]1],List, [Headl,Head2,Head3|List]).

| 7-concatenate([malfoy,granger], [potter],What).
What=[malfoy,granger,potter]

yes

So, whatwe haveis abase case and a strategy where each subgoal
shrinksthefirstlistand growsthethird. The second stays constant.
V¢ nowhaveenoughinformationtogeneralizearesult.Here’sthecon-
catenateusingnestedrules:

Download prolog/concat.pl

concatenate([],List,List).
concatenate([Head|Taill],List, [Head|Tail2]):-
concatenate(Taill,List,Tail2).

Thatterselittleblockofcodehasanincrediblysimpleexplanation.The
firstclausesaysconcatenatinganemptylistto List givesyouthat List.
Thesecondclausesaysconcatenating  List1 to List2 givesyou List3 ifthe
headsof List1 and List3 arethesame,andyoucanprovethatconcate-
natingthetailof List1 with List2 givesyouthetailof  List3. Thesimplicity
andeleganceofthissolutionareatestamenttothepowerofProlog.

Let'sseewhatitwoulddowiththequery concatenate([1,2], [3].What) .
W  walkthroughunification ateach step. Keepinmind thatwe’re
nestingtherules,soeachtimewetrytoproveasubgoal,we'llhavea
differentcopyofthevariables.I'llmarktheimportantoneswithaletter
soyoucankeepthemstraight.Wheachpass,I'llshowwhathappens
whenPrologtriestoprovethenextsubgoal.
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¢ Startwiththis:
concatenate([1.2 ], [3]. What)

¢ Thefirstruledoesn’tapply,because [1.2] isnotanemptylist. W
unifytothis:

concatenate([1[2]]. [3]. [1|/®A  ]:-concatenate( [2], [3]. [BA ]

Everything unifies but the second tail. W now move on to the
goals.Let’sunifytherightside.

*W trytoapplytherule concatenate([2], (3], (@A ]).That'sgoingto
giveusthis:

concatenate([2|[]]. [3]. [2[@  ]):-concatenate( [], [3].dB

Noticethat W  isthetailof @A .It'snotthesameastheorig-
inal ® .Butnow,wehavetounifytherightsideagain.

* concatenate([], [3].8O :-concatenate( [], [3], [3]) -

*So,weknow W is [3]. Now,we canworkbackupthechain.
Let’slook at the third parameter, plugging in ® ateachstep.
®C  is [3],whichmeans [2/® ]is[2,3],andfinally [1|® ]is ],
2.3]. What is [1.2.3 ].

Prologis doingalot ofwork foryou here. Goover thislist untilyou
understandit. Unifyingnested subgoalsisacore conceptforthead-
vancedproblemsinthisbook.

Now,you’vetakenadeeplookatoneoftherichestfunctionsinPro-
log. Takealittle time to explore these solutions, and make sureyou

understandthem.

WhatWelearnedinDay?2

In this section, we moved into the basic building blocks that Prolog
usestoorganizedata:listsandtuples. W alsonestedrules, allowing

ustoexpressproblemsthatyoumighthandlewithiterationinother
languages.W tookadeeperlookatPrologunificationandhowProlog
works to match up both sides ofa - or =.\W sawthatwhenwe’re
writingrules, wedescribedlogicalrulesinstead ofalgorithmsandlet
Prologworkitswaythroughthesolution.

V¢ alsoused math. W learned to use basic arithmetic and nested
subgoalstocomputesumsandaverages.
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Finally, we learned to use lists. W matched one or more variables
withinalisttovariables, butmoreimportantly, wematchedthehead
ofalistandtheremainingelementswithvariablesusingthe [Head|@ |
pattern. W  used this technique to recursively iterate through lists.
Thesebuildingblockswillserveasthefoundationsofthecomplexprob-
lemswesolveinday3.

Day2Self-Study
Find:

* Someimplementations ofa Fibonacciseries and factorials. How
dotheywork?

* Areal-world community using Prolog. What problems are they
solvingwithittoday?

Ifyou’'relookingforsomethingmoreadvancedtosinkyourteethinto,
trytheseproblems:

* AnimplementationoftheTowersofHanoi.Howdoesitwork?
* Whataresomeoftheproblemsofdealingwith“not”expressions?
WhydoyouhavetobecarefulwithnegationinProlog?

Do:

¢ Reversetheelementsofalist.
¢ Findthesmallestelementofalist.
¢ Sorttheelementsofalist.

4.4 Day3:BlowingUpV egas

YushouldbegettingabetterunderstandingofwhylpickedtheRain

Man, theautisticsavant, forProlog. Thoughit’ssometimesdifficultto
understand, it’samazingtothinkofprogramminginthisway. Oneof

my favorite pointsin  RainMan waswhen Ray’s brother realized he
couldcountcards. Raymond and his brotherwent to Vigs andjust
about broke the bank. In this section, you're going to see a side of
Prologthatwillleaveyousmiling. Codingtheexamplesinthischapter

wasequalpartsmaddeningandexhilarating. We goingtosolvetwo
famouspuzzlesthatarerightinProlog’'scomfortzone,solvingsystems
withconstraints.
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Yumaywanttotakeashotatsomeofthesepuzzlesyourself.Ifyou

do, try describing the rules you know about each game rather than
showingPrologastep-by-stepsolution. Wegoingtostartwithasmall
Sudokuandthengiveyouachancetobuilduptoalargeroneinthe
dailyexercises.Then,we’llmoveontotheclassicEightQueenspuzzle.

SolvingSudoku

CodingtheSudokuwasalmostmagicalforme.ASudokuisagridthat
hasrows,columns,andboxes.Atypicalpuzzleisanine-by-ninegrid,
withsomespacesfilledinandsomeblank.Eachcellinthegridhasa
number, from 1-9foranine-by-ninesquare. Yarjobistofilloutthe
solutionsothateachrow, column, and squarehasoneeachofallof
thedigits.

We  goingtostartwithafour-by-fourSudoku.Theconceptsareex-
actly the same, though the solutions will be shorter. Let’s start by
describingtheworld,asweknowit.Abstractly,we'llhaveaboardwith

fourrows, four columns, and four squares. The table shows squares

1-4:

1 1 2 2
1 1 2 2
3 3 4 4
3 3 4 4

Thefirsttaskistodecidewhatthequerywilllooklike. That’ssimple

enough. W haveapuzzleandasolution, ofthe form sodoku(Puzzle,
Solution). Ouruserscanprovideapuzzleasalist, substitutingunder -
scoresforunknownnumbers,likethis:

sodoku([_,_,2,3,

3141_1_] ’
Solution).

Ifasolutionexists, Prologwillprovidethesolution. WhenlIsolvedthis
puzzleinRuby,Ihadtoworryaboutthealgorithmforsolvingthepuz-
zle. MhProlog,that’snotso.Imerelyneedtoprovidetherulesforthe
game.Thesearetherules:

¢ Forasolvedpuzzle,thenumbersinthepuzzleandsolutionshould
bethesame.

* ASudokuboardisagridofsixteencells,withvaluesfrom1-4.
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* Theboardhasfourrows,fourcolumns,andfoursquares.

* Apuzzleisvalidiftheelementsineachrow,column,andsquare
hasnorepeatedelements.

Let'sstartatthetop. Thenumbersinthesolutionand puzzleshould
match:
Download prolog/sudoku4_step_1.pl

sudoku(Puzzle,Solution):-
Solution=Puzzle.

We  actuallymadesomeprogress.Our*Sudokusolver’worksforthe
casewheretherearenoblanks:

| ?-sudoku([4,1,2,3,
2,3,4,1,

1,2,3,4,

3,4,1,2],Solution).

Solution=[4,1,2,3,2,3,4,1,1,2,3,4,3,4,1,2]
yes

The formatisn’t pretty, but the intentis clear enough. We getting
sixteennumbersback,rowbyrow.Butwearealittletoogreedy:

| ?-sudoku([1,2,3],Solution).
Solution=[1,2,3]
yes

Now, thisboardisn’tvalid,butoursolverreportsthatthereisavalid
solution. Clearly, we have tolimit the board to sixteen elements. W
haveanotherproblem,too.Thevaluesinthecellscanbeanything:

|?-sudoku([1,2,3,4,5,6,7,8,9,0,1,2,3,4,5,6],Solution).
Solution=[1,2,3,4,5,6,7,8,9,0,1,2,3,4,5,6]
yes

Forasolutiontobevalid,itshouldhavenumbersfrom1-4.Thisprob-
lemwillimpactusintwoways.First,wemayallowsomeinvalidsolu-
tions.Second, Prologdoesn’thaveenoughinformationtotestpossible
valuesforeachcell.Inotherwords, thesetofresultsisnot grounded.
Thatmeansthatwehavenotexpressedrulesthatlimitpossiblevalues
ofeachcell,soPrologwillnotbeabletoguesswhatthevaluesare.
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Let’ssolvethese problemsby solvingthenextruletothegame. Rule

2 says aboard has sixteen cells, with values from 1-4. GNU Prolog
hasabuilt-inpredicatetoexpresspossiblevalues,called fd_domain(List,
LowerBound UpperBound) .Thispredicateistrueifallthevaluesin List are
between LowerBound and UpperBound,inclusive. W&  justneed tomake
sureallvaluesin  Puzzle rangefrom1-4.

Download prolog/sudoku4_step_2.pl

sudoku(Puzzle,Solution):-
Solution=Puzzle,
Puzzle=[S11,S12,513,S14,
S21,S22,S23,S24,
S31,S32,S33,S534,
S41,542,543,544],
fd_domain(Puzzle,1,4).

V¢ unified Puzzle with alist of sixteen variables, and we limited the
domainofthecellstovaluesfrom1-4.Now,wefailifthepuzzleisnot

valid:

| ?-sudoku([1,2,3],Solution).

no

| ?-sudoku([1,2,3,4,5,6,7,8,9,0,1,2,3,4,5,6],Solution).
no

Now, we get to the main piece of the solution. Rule 3 says a board
consistsofrows,columns,andsquares.We goingtocarvethepuzzle
upintorows,columns,andsquares.Now,youcanseewhywenamed
thecellsthewaywedid.It'sastraightforwardprocesstodescribethe
TrOwsS:

Rowl=[S11,S12,S13,S14],

Row2=[S21,522,523,S24],

Row3=[S31,S32,S33,534],
Row4=[S41,542,543,544],
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Likewiseforcolumns:

Co11=[S11,S21,S31,541],
Col12=[S12,S22,S32,542],
Co13=[S13,S23,S533,543],
Co14=[S14,S24,S34,544],

Andsquares:

Squarel=[S11,S12,S21,S22],
Square2=[S13,514,S523,S524],
Square3=[S31,S532,541,542],
Square4=[S33,5S34,543,544].

Nowthatwe’vechoppedtheboardintopieces, wecanmoveontothe
nextrule.Theboardisvalidifallrows,columns,andsquareshaveno
repeatedelements.WhuseaGNUPrologpredicatetotestforrepeated
elements. fd_all_different(List) succeedsifalltheelementsin List arediffer-
ent.W needtobuildaruletotestthatallrows,columns,andsquares
arevalid. W useasimpleruletoaccomplishthis:

valid([]1).

valid([Head|Tail]):-

fd_all_different(Head),
valid(Tail).

Thispredicateisvalidifallthelistsinitaredifferent. Thefirstclause
saysthatanemptylistisvalid. Thesecondclausesaysthatalistis

validifthefirstelement’'sitemsarealldifferentandiftherestofthe
listisvalid.

Allthatremainsistoinvokeour @ rule:

valid([Rowl,Row2,Row3,Row4,

Co11,Co12,Co13,Co14,

Squarel,Square2,Square3,Square4]).
Believe it or not, we're done. This solution can solve a four-by-four
Sudoku:

| ?-sudoku([_,_,2,3,

3747777] ’
Solution).

Solution=[4,1,2,3,2,3,4,1,1,2,3,4,3,4,1,2]

yes
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Breakingthatintoafriendlierform,wehavethesolution:

4 1 2 3
2 3 4 1
1 2 3 4
3 4 1 2

Here’sthecompletedprogram,beginningtoend:

Download prolog/sudoku4.pl

valid([]).

valid([Head|Tail]):-
fd_all_different(Head),
valid(Tail).

sudoku(Puzzle,Solution):-
Solution=Puzzle,

Puzzle=[S11,S12,S13,S14,
S$21,S22,S23,S24,
S31,S32,S33,S534,
S41,542,543,544],

fd_domain(Solution,1,4),

Rowl=[S11,512,513,S14],
Row2=[S21,S22,523,S24],
Row3=[S31,S32,533,S34],
Row4=[S41,542,543,544],

Col11=[S11,S21,S31,541],
Co12=[S12,S22,532,542],
Co13=[S13,S23,S533,543],
Col14=[S14,S24,S34,544],

Squarel=[S11,S12,S21,S22],
Square2=[S13,S14,S23,S24],
Square3=[S31,532,541,542],
Square4=[S33,5S34,5S43,544],

valid([Rowl,Row2,Row3,Row4,
Col11,Co12,Co13,Col4,
Squarel,Square2,Square3,Square4]).

Ifyouhaven’thadyourPrologmoment,thisexampleshouldgiveyoua
nudgeintherightdirection.Where’stheprogram?W wedidn’twrite
aprogram.W described therulesofthe game: aboard has sixteen
cellswithdigitsfrom 1-4,andnoneoftherows, columns, orsquares
shouldrepeatanyofthevalues. Thepuzzletookafewdozenlinesof
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code to solve and no knowledge of any Sudoku solving strategies. In
thedailyexercises,you’llgetthechancetosolveanine-rowSudoku.It
won’tbetoodifficult.

Thispuzzleisagreatexampleofthe types of problems Prolog solves
well. W haveasetofconstraintsthatare easytoexpressbuthard
tosolve. Let’slook atanother puzzleinvolving highly constrainedre-
sources:theEightQueensproblem.

EightQueens

Tosolvethe Eight Queensproblem, youputeightqueensonachess
board. None can share the same row, column, or diagonal. It may
appear tobea trivial problem on the surface. It'sjusta kid’s game.
Butonanotherlevel,youcanlookattherows,columns,anddiagonals
asconstrainedresources. Ourindustryis full of problems that solve
constrainedsystems.Let’slookathowwecansolvethisoneinProlog.

First,we’lllookatwhatthequeryshouldlooklike.Wecanexpresseach

queenas (Row,Col) ,atuplehavingarowandacolumn.A Board isalist
oftuples. eight_queens(Board) succeedsifwe haveavalid board. Our
querywilllooklikethis:

eight_queens([(1,1),(3,2),...1).

Let’slookatthegoalsweneedtosatisfytosolvethepuzzle.Ifyouwant
totakeashotatthisgamewithoutlookingatthesolution,justlookat
thesegoals.Iwon’tshowthefullsolutionuntillaterinthechapter.

* Aboardhaseightqueens.

¢ Eachqueenhasarowfrom1-8andacolumnfrom1-8.
* Notwoqueenscansharethesamerow.

* Notwoqueenscansharethesamecolumn.

* Notwoqueenscansharethesamediagonal(southwesttonorth-
east).

* Notwoqueenscansharethesamediagonal (northwesttosouth-
east).

Rowsandcolumnsmustbeunique,butwemustbemorecarefulwith
diagonals.Eachqueenisontwodiagonals,onerunningfromthelower
left (northwest) to the upperright (southeast) and the other running
fromtheupperlefttothelowerrightasinFigure4.2,onthefollowing
page.Buttheserulesshouldberelativelyeasytoencode.
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Figure4.2:EightQueensrules

Onceagain,we'llstartatthetopofthelist. Aboardhaseightqueens.
Thatmeansourlistmusthaveasize ofeight. That’seasyenough to

do.W canusethe count predicateyousawearlierinthebook,orwe

can simply use a built-in Prolog predicate called length. length(List,N)
succeedsif List has N elements. Thistime,ratherthanshowyoueach
goalin action, I'm going towalk you through the goals we’'llneed to
solvethewholeproblem.Here’sthefirstgoal,then:

eight_queens(List):-length(List ,8).

Next,weneedtomakesureeachqueenfromourlistisvalid. W build
aruletotestwhetheraqueenisvalid:
valid_queen((Row,Col)):-

Range=[1,2,3,4,5,6,7,8],

member (Row,Range) ,member (Col,Range) .
Thepredicate member doesjustwhatyouthink;ittestsformember-
ship.Aqueenisvalidifboththerowandcolumnareintegersfrom1-8.
Next,we’llbuildaruletocheckwhetherthewholeboardismadeupof
validqueens:

valid_board([]).
valid_board([Head|Tail]):-valid_queen(Head),valid_board(Tail).
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Anemptyboardisvalid,andaboardisvalidifthefirstitemisavalid
queenandtherestoftheboardisvalid.

Movingon,thenextruleisthattwoqueenscan’tsharethesamerow.
Tosolvethenextfewconstraints, we'regoingtoneedalittlehelp. W
willbreakdowntheprogramintopiecesthatcanhelpusdescribethe
problem:whataretherows,columns,anddiagonals?Firstupisrows.

W buildafunctioncalled oMeFsROWS) Thisfunctionshouldbe
trueif Rows isthelistof Row elementsfromallthequeens.

rows ([1,[1).

rows ([ (Row,_) |QueensTail], [Row|RowsTail]):-
rows (QueensTail,RowsTail).

Thisonetakesalittleimagination,butnotmuch. o foranemptylist
isanemptylist,and  oQesFsROWS) is Rows ifthe Row fromthefirst
queeninthelistmatchesthefirstelement of Rows andif osx ofthe

tailof Queens isthetailof Rows.Ifit’'sconfusingtoyou,walkthroughit
withafewtestlists.Luckily,columnsworksexactlythesameway,but
we'regoingtousecolumnsinsteadofrows:

cols(1, [D).

cols([(_,CoT) |QueensTail], [Col|ColsTail]l):-
cols(QueensTail,ColsTail).

Thelogic works exactly the same as o, butwe match the second
elementofaqueentupleinsteadofthefirst.

Movingon,we’regoingtonumberdiagonals.Theeasiestwaytonumber
themistodosomesimplesubtractionandaddition.Ifnorthandwest
are 1,weregoingtoassignthediagonalsthatrunfromnorthwestto
southeastavalueof Col — Row.Thisisthepredicatethatgrabsthose
diagonals:

diags1([],[D).
diags1([(Row,Co1) |QueensTaill, [Diagonal|DiagonalsTail]):-

DiagonalisCol-Row,
diags1l(QueensTail,DiagonalsTail).

Thatruleworkedjustlikerows and cols, butwe had onemore con-
straint: DiagonalisCol--Row .Notethatthisisnotunification!It’san
is predicate,anditwillmakesurethatthesolutionisfullygrounded.
Finally,we’llgrabthesoutheasttonorthwestlikethis:

diags2([1,[1).
diags2([(Row,Co1) |QueensTaill, [Diagonal|DiagonalsTail]):-

DiagonalisCol+Row,
diags2(QueensTail,DiagonalsTail).
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Theformulaisalittlebittricky, buttryafewvaluesuntilyouresat-
isfied that queens with the same sum of row and col are in fact on
the same diagonal. Now that we have the rules to help us describe
rows, columns,anddiagonals, allthatremainsistomakesurerows,
columns,anddiagonalsarealldifferent.

Soyoucanseeitallincontext,here’stheentiresolution.Thetestsfor
rowsandcolumnsarethelasteightclauses.

Download prolog/queens.pl

valid_queen((Row,Col1)):-
Range=[1,2,3,4,5,6,7,8],
member (Row,Range) ,member (Col,Range).

valid_board([]).
valid_board([Head|Tail]):-valid_queen(Head),valid_board(Tail).

rows([]1,[1).
rows ([ (Row,_) |QueensTail], [Row|RowsTail]):-
rows (QueensTail,RowsTail).

cols([1,[D).
cols([(_,Col)|QueensTail], [Col|ColsTaill):-
cols(QueensTail,ColsTail).

diags1([]1,[1).
diags1([(Row,Co1) |QueensTaill, [Diagonal|DiagonalsTail]):-
DiagonalisCol-Row,
diags1l(QueensTail,DiagonalsTail).

diags2([1,[D).
diags2([(Row,Co1) |QueensTaill, [Diagonal|DiagonalsTail]):-
DiagonalisCol+Row,
diags2(QueensTail,DiagonalsTail).

eight_queens(Board) : -
length(Board,8),
valid_board(Board),

rows (Board,Rows),
cols(Board,Cols),
diagsl(Board,Diagsl),
diags2(Board,Diags2),

fd_all_different(Rows),
fd_all_different(Cols),
fd_all_different(Diagsl),
fd_all_different(Diags2).
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At this point, you could run the program, and it would run... and
run...andrun.Therearejusttoomanycombinationstoefficientlysort
through.Ifyouthinkaboutit, though,weknowthattherewillbeone
andonlyqueenineveryrow.W canjumpstartthesolutionbyprovid-
ingaboardthatlookslikethis:

| ?-eight_queens([(1,A),(2,B),(3,0),(4,D),(5,B),(6,F),(7,0),(8,H)]).

IC\'nrthm>
A NN WO VR

?

Thatworksjustfine,buttheprogramisstillworkingtoohard. v can
eliminatetherowchoicesquiteeasilyandsimplifytheAPIwhilewe're
atit.Here’saslightlyoptimizedversion:

Download prolog/optimized_queens.pl

valid_queen((Row,Co1)) :-member(Col,[1,2,3,4,5,6,7,8]).

valid_board([]).
valid_board([Head|Tail]):-valid_queen(Head),valid_board(Tail).

cols(L1,[D.
cols([(_,CoT) |QueensTail], [Col|ColsTail]l):-
cols(QueensTail,ColsTail).

diags1([]1,[D).
diags1([(Row,Col) |QueensTaill, [Diagonal|DiagonalsTail]):-
DiagonalisCol-Row,
diags1l(QueensTail,DiagonalsTail).

diags2([1,[1).
diags2([(Row,Co1) |QueensTaill, [Diagonal|DiagonalsTail]):-
DiagonalisCol+Row,
diags2(QueensTail,DiagonalsTail).

eight_queens(Board): -

Board=[(1,.),(2,.),(3,.),4,,06,,06,),07,.,0,21,
valid_board(Board),

cols(Board,Cols),
diagsl(Board,Diagsl),
diags2(Board,Diags2),

fd_all_different(Cols),
fd_all_different(Diagsl),
fd_all_different(Diags2).
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Philosophically, we'vemadeonemajorchange. W matchedthe Board
with (1,0.(2.0.@.0.(4,2.(5.).06.2.(7.0.8.) toreduce the total
permutationssignificantly. W& alsoremovedallrulesrelated torows,
andtheresultsshow.OnmyancientMacBook,allsolutionscompute

insideofthreeminutes.
Once again, the end result is quite pleasing. W built in very little
knowledgeofthesolutionset. & justdescribedtherulestothegame

and applied a little logic to speed things up a little. Given the right
problems,IcouldreallyfindmyselfgettingintoProlog.

WhatWelearnedinDay3

Today,youputtogethersomeoftheideaswe'veusedinPrologtosolve
someclassicpuzzles.Theconstraint-basedproblemshavemanyofthe
samecharacteristicsasclassicindustrialapplications.Listconstraints,

andcrunchoutasolution.W wouldneverthinkofdoingaSQLnine-
tablejoinimperatively,yetwedon’tevenblinkatsolvinglogical prob-
lemsinthisway.

WestartedwithaSudokupuzzle.Prolog’ssolutionwasremarkablysim-
ple. W mapped sixteen variables onto rows, columns, and squares.
Then, wedescribed therules ofthe game, forcingeach row, column,
andsquaretobeunique.Prologthenmethodicallyworkedthroughthe

possibilities,quicklyarrivingatasolution.Vé usedwildcardsandvari-
ablestobuildanintuitiveAPI,butwedidn’tprovideanyhelpatallfor
solutiontechniques.

Next, we used Prolog to solve the Eight Queens puzzle. Once again,
weencodedtherulesofthegameandletPrologworkintoasolution.
Thisclassicproblemwascomputationallyintensive , having92possible
solutions,butevenoursimpleapproachcouldsolveitwithinahandful
ofminutes.

I still don’t know all of the tricks and techniques to solve advanced
Sudokus, butwithProlog,Idon’tneedtoknowthem.Ionlyneedthe
rulesofthegametoplay.

Day3Self-Study
Find:

* Prologhassomeinput/outputfeaturesaswell. Find printpredi-
catesthatprintoutvariables.

* Find a way to use the print predicates to print only successful
solutions.Howdotheywork?
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Do:

* Modifythe Sudokusolvertoworkonsix-by-sixpuzzles (squares
are3x2)and9x9puzzles.

* MaketheSudokusolverprintprettiersolutions.

Ifyou’re a puzzle enthusiast, you can getlost in Prolog. Ifyou want
todivedeeperintothepuzzlesI'vepresented, EightQueensisagood
placetostart.

¢ SolvetheEightQueensproblembytakingalistofqueens.Rather
thanatuple,representeachqueenwithaninteger,from1-8.Get
therowofaqueenbyitspositioninthelistandthecolumnbythe
valueinthelist.

4.5 WrappingUpProlog

Prologisoneoftheolderlanguagesinthisbook,buttheideasarestill
interestingandrelevanttoday. Prologmeansprogrammingwithlogic.
W usedPrologtoprocessrules, composed ofclauses, whichwerein
turncomposedwithaseriesofgoals.

Prolog programming has twomajor steps. Start by building a knowl-
edgebase,composedoflogicalfactsandinferencesabouttheproblem
domain.Next,compileyourknowledgebase,andaskquestionsabout
thedomain. Someofthequestionscanbeassertions, and Prologwill
respondwith ys or no.Otherquerieshavevariables.Prologfillsinthese
gapsthatmakesthosequeriestrue.

Rather than simpleassignment, Prologuses a process called unifica-
tion thatmakesvariablesonbothsidesofasystemmatch.Sometimes,
Prologhastotrymanydifferentpossiblecombinationsofvariablesto
unifyvariablesforaninference.

Strengths

Prologisapplicableforawidevarietyofproblems,fromairlineschedul-
ingtofinancialderivatives.Prologhasaseriouslearningcurve,butthe
demandingproblemsthatPrologsolvestendtomakethelanguage,or
otherslikeit,worthwhile.

ThinkbacktoBrianTarbox’sworkwiththedolphins. Hewasableto
makesimpleinferencesabouttheworldandmakeabreakthroughwith
acomplexinferenceaboutdolphinbehavior. Hewasalsoabletotake
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highlyconstrainedresourcesandusePrologtofindschedulesthatfit
amongthem.ThesearesomeareaswherePrologisinactiveusetoday:

Natural-LanguageProcessing

Prolog was perhaps first used to work with language recognition. In
particular, Prologlanguage models can take natural language, apply
aknowledgebase offactsand inferences, and express thatcomplex,
inexactlanguageinconcreterulesappropriateforcomputers.

Games

Gamesaregettingmore complex, especiallymodeling thebehavior of
competitors orenemies. Prologmodels can easily express the behav-
ior of other characters in the system. Prolog can also build different
behaviorsintodifferent types of enemies, making a morelifelike and
enjoyableexperience.

SemanticWb

The semantic Wb is an attempt to attach meaning to the services
andinformationontheWh makingiteasiertosatisfyrequests.The
resource description language (RDF) provides a basic description of
resources.Aservercancompiletheseresourcesintoaknowledgebase.
That knowledge, together with Prolog’s natural-language processing,
can provide arich end user experience. Many Prolog packages exist
forprovidingthissortoffunctionalityinthecontextofawebserver.

Artificiallntelligence

Artificialintelligence(Al)centersaroundbuildingintelligenceintoma-
chines. Thisintelligence can take different forms, butin every case,

some “agent”’modifiesbehaviorbasedoncomplexrules. Prologexcels
inthisarena, especiallywhentherulesareconcrete,basedonformal
logic.Forthisreason, Prologissometimescalleda logicprogramming
language.

Scheduling

Prologexcelsinworkingwith constrainedresources. Manyhaveused
Prologtobuildoperatingsystemschedulersandotheradvancedsched-
ulers.

Wadress

Prologisalanguagethathasheldupovertime. Still, thelanguageis
datedinmanyways,anditdoeshavesignificantlimitations.
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Utility
WhilePrologexcelsinitscoredomain,it’safairlyfocusedniche,logic
programming. Itisnotageneral-purposelanguage. Italsohassome
limitationsrelatedtolanguagedesign.

Very LargeDataSets

Prologusesadepth-firstsearch ofa decision tree, using all possible
combinationsmatchedagainstthesetofrules. Vs languagesand
compilersdoaprettygoodjobofoptimizingthisprocess.Still,thestrat-
egyisinherentlycomputationallyexpensive,especiallyasdatasetsget
verylarge.ItalsoforcesProloguserstounderstandhowthelanguage
workstokeepthesizeofdatasetsmanageable.

MixingthelmperativeandDeclarativeModels

Likemanylanguagesinthefunctional family, particularly thosethat
relyheavilyonrecursion,youmustunderstandhowPrologwillresolve
recursiverules.Yu = mustoften have tail-recursiverules to complete
evenmoderatelylargeproblems.It’srelativelyeasytobuild Prologap-
plicationsthatcannotscalebeyondatrivialsetofdata.Ymmustoften
haveadeep understanding of how Prolog works to effectively design
rulesthatwillscaleatacceptablelevels.

FinalThoughts

Aslworkedthroughthelanguagesinthisbook,loftenkickedmyself,
knowingthatthroughtheyears,I'vedrivenmanyascrewwithasledge-
hammer. Prolog was a particularly poignant example of my evolving
understanding. Ifyou find a problem that’s especially well suited for
Prolog,takeadvantage.Insuchasetting,youcanbestusethisrules-
basedlanguageincombinationwithothergeneral-purposelanguages,
justasyouwoulduseSQLwithinRubyorJava.Ifyou'recarefulwith
thewayyoutiethemtogether,you'relikelytocomeoutaheadinthe
longrun.
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5.1

Wearenotsheep.
» EdwardScissorhands

Chapter 5

- Scala

Sofar,Ihaveintroducedthreelanguagesandthreedifferentprogram-
ming paradigms. Scala will be the fourth, sort of. It’s a hybrid lan-
guage, meaning thatitintentionally tries tobridge the gaps between
programming paradigms. In this case, the bridge is between object-
orientedlanguageslikeJavaandfunctionallanguageslikeHaskell.In
thissense,ScalaisaFrankensteinmonsterofsortsbutnotamonster.
Think EdwardScissorhands .}

InthissurrealTim Burtonmovie,Edwardwaspartboy,partmachine,
with scissors for hands, and was one of my favorite characters ofall
time. Edward was a fascinating character in a beautiful movie. He
wasoftenawkward,wassometimesamazing,butalwayshadaunique
expression.Sometimes,hisscissorslethimdoincrediblethings.Other
times,hewasawkwardandhumiliated.Aswithanythingnewordiffer -
ent,hewasoftenmisunderstood,accusedof“strayingtoofarfromthe
pathofrighteousness.”Butinoneothisstrongermoments,theshykid
offers,“Wearenotsheep.”Indeed.

AboutScala

Asrequirementsforcomputerprogramsgetmorecomplex,languages,
too,mustevolve. Everytwentyyearsorso, theold paradigmsbecome
inadequatetohandlethenewdemandsfororganizingandexpressing
ideas.Newparadigmsmustemerge,buttheprocessisnotasimpleone.

1. EdwardScissorhands .DVD.DirectedbyTim Burton. 1990;BeverlyHills, CA:20th
CenturyFox,2002.
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Each new programming paradigm ushers in a wave of programming
languages, not just one. The initial language is often strikingly pro-
ductiveandwildlyimpractical. Think SmalltalkforobjectsorLispfor
functionallanguages.Then,languagesfromotherparadigmsbuildin
featuresthatallowpeopletoabsorbthenewconceptswhileuserscan
live safely within the old paradigm. Ada, for example, allowed some
coreobject-orientedideassuchasencapsulationtoexistwithinapro-
cedurallanguage.Atsomepoint,somehybridlanguageoffersjustthe
rightpracticalbridgebetweentheold paradigmandthenew, suchas
aC++.Next,weseeacommerciallyadoptablelanguage,suchasJava
or C#.Finally, weseesomemature, pureimplementationsofthenew
paradigm.

Affinitywith&a
Scalaisatleastabridgeandmaybemore.Itofferstightintegrationinto

Java,offeringachanceforpeopletoprotecttheirinvestmentinmany
ways:

¢ ScalarunsontheJavavirtualmachine,soScalacanrunside-by-
sidewithexistingdeployments.

® ScalacanusedJavalibrariesdirectly, sodevelopers canleverage
existingframeworksandlegacycode.

¢ LikeJava,Scalaisstaticallytyped,sothelanguagesshareaphilo-
sophicalbond.

* Scala’ssyntaxisrelativelyclosetoJava’s,sodeveloperscanlearn
thebasicsquickly.

* Scalasupportsbothobject-orientedandfunctionalprogramming
paradigms, so programmers can gradually learn to apply func-
tionalprogrammingideastotheircode.

WithoutSlavishDevotion

Some languages that embrace their ancestors go too far, extending
the very limiting concepts that make the base inadequate. Although
the similarities toJava are striking, Scala’s design has some signifi-
cantdepartures that will serve its community well. These important
improvementsrepresentimportantdeparturesfromtheJavalanguage:

* Typeinference. InJava,youmustdeclarethetypeofeveryvari-
able, argument, or parameter. Scala infers variable types where
possible.
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* Functionalconcepts. Scalaintroducesimportantfunctionalcon-
cepts toJava. Specifically, the new language allows you to use
existingfunctionsinmanydifferentwaystoformnewones.Con-
ceptsyou’llseeinthischapterarecodeblocks,higher-orderfunc-
tions,andasophisticatedcollectionlibrary.Scalagoesfarbeyond
somebasicsyntacticalsugar.

¢ Immutable variables. Java does allow immutable variables but
withararelyusedmodifier. Inthischapter,you’llseethatScala
forcesyoutoexplicitlymakeadecisionaboutwhetheravariable
ismutable. These decisions will have a profound effect on how
applicationsbehaveinaconcurrentcontext.

* Advanced programming constructs. Scala uses the foundational
languagewell, layeringon useful concepts. Inthis chapter, we’ll
introduce you to actors for concurrency, Ruby-style collections
withhigher-orderfunctions,andfirst-classXMLprocessing.

Beforewedivein,weshouldknowaboutthemotivationsbehindScala.
W spendsometimewiththecreator,focusingonhowhedecidedto
tietwoprogrammingparadigmstogether.

AnlinterviewwithScala’sCreator,MartinOdersky

MartinOdersky, thecreatorofScala,isaprofessoratEcolePolytech-
niqueFédéraledeLausanne(EPFL),oneoftwoSwissFederallnstitutes
ofTechnology.HehasworkedontheJavaGenericsspecificationandis
thecreatorofthe javac referencecompiler.Heisalsotheauthorof Pro-
gramminginScala: A ComprehensiveStep-by-Step Guide [ ],one
ofthebestScalabooksavailabletoday.Hereiswhathehadtosay:

Bruce: WhydidyouwriteScala?

Dr. Odersky: Iwasconvincedthatunifyingfunctionalandobject-ori-
ented programming would have great practicalvalue. Iwas frustrated
both by the dismissive attitude of the functional programming commu-
nity toward OOPand by the beliefof object-oriented programmers that
functionalprogrammingwasjustanacademicexercise.So,[wantedto
showthatthetwoparadigmscanbeunifiedandthatsomethingnewand
powerful couldmt fromthat combination. alsowanted to createa
languageinwhichlwouldpersonallyfeelcomfortablewritingprograms.

Bruce: Whatisthethingyoulikeaboutitthemost?
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Dr. Odersky: lIlikethatitletsprogrammersexpressthemselvesfreely
andthatitfeels lightweight, yetatthe sametimegives strong support
throughitstypesystem.

Bruce: Whatkindsofproblemsdoesitsolvethebest?

Dr. Odersky: It'srljgeneralpurpose. There’snoproblemIwould
nottrytosolvewithit. Thatsaid,aparticularstrengthofScalagieto
othermainstreamlanguagesisitssupportoffunctionalprogramming.So,
everywhereafunctionalapproachisimportantScalashines,bethatcon-
currencyandparallelismorwebappsdealingwithXMLorimplementing
domain-specificlanguages.

Bruce: Whatisafeaturethatyouwould liketochange, ifyoucould
startover?

Dr. Odersky: Scala’slocaltypeinferenceworksgenerallywellbuthas
limitations.IfIcouldstartover,I'dtrytouseamorepowerfulconstraint
solver. Maybeit’s still possibletodothat, butthe factthatwe haveto
dealwithalargeinstalledbasemalkesitmoredifficult.

ThebuzzaroundScalaisgrowing , becauselwitterhasswitcheditscore
message processing from Rubyto Scala. The object-oriented features
allowaprettysmoothtransitionfromtheJavalanguage,buttheideas
that are drawing attention to Scala are the functional programming
features.Purefunctionallanguagesallowastyleofprogrammingthat
hasstrongmathematicalfoundations.Afunctionallanguagehasthese
characteristics:

¢ Functionalprogramsaremadeupoffunctions.
¢ Afunctionalwaysreturnsavalue.
¢ Afunction,giventhesameinputs,willreturnthesamevalues.

¢ Functionalprogramsavoidchangingstateormutatingdata.Once
you'vesetavalue,youhavetoleaveitalone.

Strictlyspeaking,Scalaisnotapurefunctionalprogramminglanguage,
justlikeC++isnotapureobject-orientedlanguage.Itallowsmutable
values,whichcanleadtofunctionswiththesameinputsbutdifferent
outputs. (Withmostobject-orientedlanguages, usinggettersand set-
terswouldbreakthatrule.) Butitofferstoolsthatallowdevelopersto
usefunctionalabstractionswheretheymakesense.
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FunctionalProgrammingandConcurrency

The biggest problem facing concurrency-minded programmers in ob-
ject-orientedlanguagestodayis mutablestate ,meaningdatathatcan
change.Anyvariablethatcanholdmorethanonevalue,afterinitializa-
tion,ismutable. ConcurrencyistheDr.Eviltomutablestate’sAustin
Powers.Iftwodifferentthreadscanchangethesamedataatthesame
time,it'sdifficulttoguaranteethattheexecutionwillleavethedatain
avalidstate,andtestingisnearlyimpossible.Databasesdealwiththis
problemwith transactions andlocking. Object-oriented programming
languages dealwith this problem by giving programmers the tools to
control access toshared data. And programmers generally don’t use
thosetoolsverywell,evenwhentheyknowhow.

Functionalprogramminglanguagescansolvetheseproblemsbyelim-
inatingmutable state from the equation. Scala does notforceyouto
completely eliminate mutable state, butit does give you the tools to
codethingsinapurelyfunctionalstyle.

WhScala,youdon’thavetochoosebetweenmakingsomeSmalltalk
andhavingalittleLisp.Let'sgetbusymergingtheobject-orientedand
functionalworldswithsomeScalacode.

5.2 Dayl:TheCastleontheHill

In EdwardScissorhands ,there’sacastleonahillthatis, well, alit-
tledifferent.Inabygoneera,thecastlewasastrangeandenchanting
place butis now showing signs of age and neglect. Broken windows
lettheweatherin,andtheroomsaren’tallwhattheyoncewere.The
housethatoncefeltsocomfortabletoitsinhabitantsisnowcoldand
uninviting. The object-oriented paradigm, too, is showing some signs
ofage,especiallytheearlierobject-orientedimplementations.TheJava
language, withitsdatedimplementationsofstatictypingandconcur-
rency, needs a face-lift. In this section, we're going to talk primarily
aboutScalainthecontextofthathouseonthehill,theobject-oriented
programmingparadigm.

ScalarunsontheJavavirtualmachine(JVM).I'mnotgoingtoofferan
exhaustive overview of the Java language; that information is freely
available elsewhere. Yol see some Java ideas creeping through to
Scala,butl'lltrytominimizetheirimpactsoyouwon’thavetolearntwo
languagesatonce.Fornow,installScala.I'musingversion2.7.7.final
forthisbook.
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ScalaTypes

WhenyouhaveScalaworking, fireuptheconsolewiththecommand
scala.Ifalliswell,youwon’tgetanyerrormessages,andyouwillsee
a scalo> prompt.Yarcanthentypealittlecode.

scala>printin("Hello, surrealworld")
Hello,surrealworld

scala>1+1
res8:Int=2

scala>(1).+(1)
res9:Int=2

scala>5+4 % 3
resl0:Int=17

scala>5.+(4. *(3))
resll:Double=17.0

scala>(5).+((4). =(3))

resl2:Int=17

So,integersareobjects.InJava,I'vepulled outmyfairshare ofhair
convertingbetween Int (primitives)and Integer (objects).Infact, every-
thingisanobjectinScala,withsomesmallexceptions.That’sasignif-
icantdeparture from moststatically typed object oriented languages.
Let'sseehowScalahandlesstrings:

scala>"abc".size
resl3:Int=3

Soastring,too.isafirst-classobject,withalittlesyntacticsugarmixed
in.Let’strytoforceatypecollision:

scala>"abc"+4
resl4:java.lang.String=abc4

scala>4+"abc"
resl5:java.lang.String=4abc

scala>4+"1.0"
resl6:java.lang.String=41.0

Hm...that’snotquitewhatwewerelookingfor.Scalaiscoercingthose
integersintostrings.Let’stryalittlehardertoforceamismatch:

scala>4 abc
<console>:5:error:overloadedmethodvalue # withalternatives(Double)Double
<and>(Float)Float<and>(Long)Long<and>(Int)Int<and>(Char)Int
<and>(Short)Int<and>(Byte)Intcannotbeappliedto(java.lang.String)
4 « "abc"
A
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Ah.That'stheticket. Scalais actually strongly typed. Scalawill use
typeinference,somostofthetime,itwillunderstandthetypesofvari-
ables through syntactical clues, but unlike Ruby, Scala can do that
typecheckingatcompiletime. Scala’sconsoleactuallycompileslines
ofcodeandrunseachonepiecemeal.

On asidenote, [ knowyou're getting backJava strings. Most Scala
articlesandbooksgointothistopicinmoredetail, butwecan’tdoso
andstilldiveintotheprogrammingconstructsthatlthinkwillbemost
interesting toyou. I'll point you to a few books that will gointo the
Javaintegrationindetail. Fornow, 'mgoingtotellyouthatinmany
places,Scalahasastrategyformanagingtypesacrosstwolanguages.
Part of thatis using simple Java types where they make sense, like
java.lang.String.Pleasetrustme,andaccepttheseoversimplifications.

ExpressionsandConditions

Nowwe'regoingtomovethroughsomebasicsyntaxquicklyandstrictly
byexample.HereareafewScalatrue/falseexpressions:

scala>5<6
res27:Boolean=true

scala>5<=6
res28:Boolean=true

scala>5<=2
res29:Boolean=false

scala>5>=2
res30:Boolean=true

scala>5!=2
res31:Boolean=true

There’snothingtoointerestinggoingonthere.ThisistheC-stylesyn-
taxthatyou'refamiliarwithfromseveralofthelanguageswe'vetalked
aboutsofar.Let’'suseanexpressioninan if statement:

scala>vala=1
a:Int=1

scala>valb=2
b:Int=2

scala>if(b<a){
| printin("true™)
| }else{
| printin("false™)
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W assignacoupleofvariablesand comparetheminan if/else state-
ment.Takeacloserlookatthevariableassignment. First,noticethat
youdidn’t specify a type. Unlike Ruby, Scala binds types at compile

time. ButunlikeJava, Scala caninferthetype, soyoudon'thaveto

type da:int=1 ,thoughyoucanifyouwant.

Next, notice that these Scala variable declarations start with the \d
keyword.Yucanalsousethe a keyword. \d isimmutable; \a isnot.
W talkmoreaboutthislater.

InRuby, O evaluatedto true.InC, O was & .Inbothlanguages, nil
evaluatedto & .Let'sseehowScalahandlesthem:

scala>Nil
res3:Nil.type=List()

scala>if(0) {printin("true")}
<console>:5:error:typemismatch;
found :Int(0)
required:Boolean
if(0) {printIn("true")}
A

scala>if(Ni1) {printin("true")}
<console>:5:error:typemismatch;
found :Ni1.type(withunderlyingtypeobjectNil)
required:Boolean
AF(NiTD) {printIn("true")}

A
So,a Nil isanemptylist,andyoucan’teventest Nil or 0.Thisbehav-
iorisconsistentwithScala’sstrong, statictypingphilosophy. Nilsand

numbersarenot booleans,sodon’ttreatthemlike booleans. Whsim-
pleexpressionsandthemostbasicdecisionconstructbehindus,let’s
moveontoloops.

Loops
Asthe nextcoupleofprogramsgetmorecomplex, we'regoingtorun

themasscriptsratherthanintheconsole.LikeRubyandlo,you'llrun
themwith scalapath/to/program.scala.

Ylseeanumberofwaystoiterateoverresultsetsinday2whenwe
attackcodeblocks.Fornow,we’llfocusontheimperativeprogramming
style ofloops. Yol seethattheselookalotlike theJava-styleloop
structures.
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MylnnerBattlewithstaticTyping

Somenovice programminglanguage enthusiastsconfusethe
ideas of stfrong typing and static typing. Loosely speaking,
strongtypingmeansthelanguagedetectswhen twotypesare
compatible, throwinganerrororcoercingthetypesiftheyare
not. Onthesurface, &0 and Ruby are both strongly typed.
(Irealizethisideaisan agmdizdy) Assemblylanguage

and C compilers, on the otherhand, are wedy typed. The
compilerdoesn’tnecessarilycarewhetherthedatainamem-
orylocationisaninteger,astring,orjustdata.

Staticanddynamictypingisanotherissue.Staticallytypedian-
guagesenforce polymorphism based on the structure of the
types. Isit a duck by the genetic blueprint (static), orisita
duckbecauseitquacksorwdslikeone?Staticallytypedian-
guagesbenefitbecausecompilersandtoolsknowmoreabout
yarcodetotraperrors, highlightcode ,andrefactor. Thecost
ishavingtodomorewkandlivingwithsomerestrictions.Yo ur
historyasadeveloperwilloftendeterminehowyautdabout
thetrade-offsofstatictyping.

My first OO development was in a | saw one framework
after another try to break free from the chains of i
statictyping. Theindustryinvestedhundredsofmillionsof dol-
lars in three \d@irs of Enterprise &ia Beans, Spring, Hiber-

nate, JBoss, and aspect-oriented programming to nde cer-
tain usage models more ndde We wes iy Dok
typing model more dynamic, and the battles at egy step
ofthewy wasintense, B#g morelikerivalcultsthan pro-
grammingenvironments.Mybookstookthesamejourneyfrom
increasinglydynamicframeworkstodynamiclanguages.

So,nybiasagainststatictypingwsshapedtythe bows
Haskellanditsgreatstatictypesystemarehelpingmerecover
butslowly.Myconscienceisclear.Xo u’ve invitedaclosetpoliti-
cianto this casual dinner, but I'lltry ry hardest to leso the
conversationlightandunbiased.
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Firstisthebasic while loop:
Download scala/while.scala

defwhilelLoopq{
vari=1
while(i<=3){
println(i)
i+=1

}

whilelLoop

W defineafunction. Asasidenote,Javadeveloperswillnoticethat
youdon’thavetospecify = public.InScala, public isthedefaultvisibility,
meaningthisfunctionwillbevisibletoall.

Whhthemethod,wedeclareasimple while loopthatcountstothree.
i changes, sowedeclareitwith a .Then, youseeadJava-styledec-
larationofa while statement. Asyoucansee, thecodeinsidebraces
executesunlesstheconditionis @& .Yucanrunthecodelikethis:
batate$scalacode/scala/while.scala

1

2
3

The & loopworksalotlikeJava’sandC’sbutwithaslightlydifferent
syntax:
DownTload scala/for_loop.scala

defforLoop{
printin( "forloopusingJava-styleiteration" )
for(i<-Ountilargs.length) {
printin(args(i))
}
}

forLoop

Theargumentisavariable, followedbythe <- operator, followedbya
rangefortheloopintheformof initialValueuntilendingValue .Inthiscase,
we'reiteratingovertheincomingcommand-linearguments:

batate$scalacode/scala/forLoop.scalaitsallinthegrind
forloopusingJava-styleiteration

its

all

in

the

grind
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AswithRuby,youcanalsouseloopstoiterateoveracollection. For
now,we'llstartwith @eaxh  ,whichisreminiscentofRuby’s each:

Download scala/ruby_for_loop.scala

defrubyStyleForLoop{
printin( "forloopusingRuby-styleiteration" )
args.foreach{arg=>
printin(arg)
}
}

rubyStyleForLoop

args isalistwiththeinboundcommand-linearguments. Scalapasses
eachelementintothisblock,onebyone.Inourcase, arg isoneargu-
ment from the inbound  args list. In Ruby, the same code would be
args.each{ |arg| printin(arg)} . The syntax for specifying each argument
isslightlydifferent,buttheideaisthesame.Here’sthecodeinaction:
batate$scalacode/scala/ruby_for_loop.scalafreezethosekneeschickadees
forloopusingRuby-styleiteration

freeze

those

knees
chickadees

Later, you'll find yourself using this method of iteration much more
oftenthantheotherimperativeloops.Butsincewe reconcentratingon
thehouseonthehill,we’lldelaythatpartoftheconversationforalittle
while.

Rangesandips

Like Ruby, Scala supports first-class ranges. Start the console, and
enterthesecodesnippets:
scala>valrange=0untill0

range:Range=Range(0,1,2,3,4,5,6,7,8,9)

scala>range.start
res2:Int=0

scala>range.end
res3:Int=10

Thatallmakessense.ItworkslikeRuby’srange. Yicanalsospecify
increments:

scala>range.step
res4:Int=1
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scala>(0tol0)by5
res6:Range=Range(0,5,10)

scala>(0tol0)by6
res7:Range=Range(0,6)

Theequivalentof Ruby’srange, 1..10,is 1010 ,andtheequivalentof
Ruby’srange, 1..10,is 1untill0 . to isinclusive:

scala>(0untillOby5)
res0:Range=Range(0,5)

Yaucanalsospecifydirectionwiththis:

scala>valrange=(10until0)by-1
range:Range=Range(10,9,8,7,6,5,4,3,2,1)

Butthedirectionisnotinferred:

scala>valrange=(10until0)
range:Range=Range()

scala>valrange=(0tol0)
range:Range.Inclusive=Range(0,1,2,3,4,5,6,7,8,9,10)

listhedefaultstep,regardlessoftheendpointsthatyouexpressfor
yourrange.Ynarenotlimitedtointegers:

scala>valrange="a'to'e'
range:RandomAccessSeq.Projection[Char]=RandomAccessSeq.Projection(a,b,c,d,e)

Scalawilldosomeimplicittypeconversionsforyou.Infact,whenyou
specifieda & statement,youwereactuallyspecifyingarange.

LikeProlog, Scalaofferstuples.Atupleisafixed-lengthsetofobjects.
Yilfindthispatterninmanyotherfunctionallanguagesaswell. The
objectsinatuplecanallhavedifferenttypes.Inpurelyfunctionallan-
guages, programmers often express objects and their attributes with
tuples.Try thisexample:

scala>valperson=("Elvis","Presley")
person:(java.lang.String,java.lang.String)=(Elvis,Presley)

scala>person._1
res9:java.lang.String=Elvis

scala>person._2
resl0:java.lang.String=Presley

scala>person._3
<console>:6:error:value_3isnotamemberof(java.lang.String,java.lang.String)

person._3
A
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Scalausestuplesratherthanliststodomultivalueassignments:

scala>val(x,y)=(1,2)
x:Int=1
y:Int=2

Since tuples have a fixed length, Scala can do static type checking
basedoneachofthetuplevalues:
scala>val(a,b)=(1,2,3)
<console>:15:error:constructorcannotbeinstantiatedtoexpectedtype;
found :(T1,T2)
required: (Int,Int,Int)

val(a,b)=(1,2,3)
A

<console>:15:error:recursivevaluex$lneedstype
val(a,b)=(1,2,3)
A

Wih these foundations out of the way, let’s putit all together. W
createsomeobject-orientedclassdefinitions.

ClassesinScala

Thesimplestclasses,thosewithattributesbutnomethodsorconstruc-
tors,aresimple,one-linedefinitionsinScala:

classPerson(firstName:String, TastName:String)
Yudon’thavetospecifyanybodytospecifyasimplevalueclass.The

Ren  classwillbe public andhave firstName and lastName attributes.
Andyoucanusethatclassintheconsole:
scala>classPerson(firstName:String,lastName:String)

definedclassPerson

scala>valgump=newPerson("'Forrest","Gump')
gump : Person=Person@7c6d75b6

Butyou'relookingforalittlemore. Object-oriented classes mixdata
andbehavior.Let’'sbuildafullobject-orientedclassinScala. W call
thisclass Compass. Thecompassorientationwillstartwithnorth. W
tellthecompasstoturn90degreesleftorrightandupdatethedirection
accordingly. Here’swhattheScalacodelookslike,initsentirety:

Download scala/compass.scala

classCompass{

valdirections=List( "north", "east", "south", "west'")
varbearing=0
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print("Initialbearing:" )
printin(direction)

defdirection()=directions(bearing)
definform(turnDirection:String) {

printIn("Turning"” +turnDirection+ ".Nowbearing'

}

+direction)

defturnRight(){
bearing=(bearing+1)%directions.size
inform("right")

b

defturnLeft({
bearing=(bearing+(directions.size-1))%directions.size
inform("Teft")
}
3

valmyCompass=newCompass

myCompass.turnRight
myCompass.turnRight

myCompass . turnLeft
myCompass.turnLeft
myCompass.turnLeft

Thesyntaxisrelativelystraightforward,withacoupleofnotablepecu-
liarities. Theconstructorisresponsiblefordefininginstancevariables
(atleast,thoseyoudon’tpassintotheconstructor)andmethods.Un-
likeRuby,allmethoddefinitionshaveparametertypesandnames.And
theinitialblockofcodeisn’tinanymethoddefinitionatall. Let’stake
itapart:

classCompass{

valdirections=List( "north", "east", "south", "west")
varbearing=0

print("Initialbearing:" )

printin(direction)
The whole block of code following the class definition is actually the
constructor. Our constructorhasa  List of directions and a bearing,
whichissimplyanindexforthedirections.Later, turningwillmanip-
ulatethebearing. Next, thereareacoupleofconveniencemethodsto
showtheuseroftheclassthecurrentdirection,inEnglish:

defdirection()=directions(bearing)
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definform(turnDirection:String){
printin("Turning" +turnDirection+ ".Nowbearing" +direction)

}

Theconstructorcontinueswithmethoddefinitions.The direction meth-
odjustreturnstheelementof directions attheindexof bearing.Scala
convenientlyallowsanalternatesyntaxforone-linemethods,omitting
thebracesaroundthemethodbody.

The inform methodprintsafriendlymessagewhenevertheuserturns.It
takesasimpleparameter,thedirectionoftheturn.Thismethoddoesn’t
returnavalue.Let’slookatthemethodstohandleturns.
defturnRight(){

bearing=(bearing+1)%directions.size

inform("right")
}

defturnLeft(){
bearing=(bearing+(directions.size-1))%directions.size
inform("Teft")

}

The turns method changes the bearing based on the direction of the
turn.The % operatorismodulardivision.(Thisoperatordoesadivision
operation, discardingthequotientandreturningonly theremainder.)
Theresultis thatright turns add one to the bearing and left turns
subtractone,wrappingtheresultaccordingly.

AdyConstructors

Yoe seen how the basic constructor works. It’s a code block that
initializesclassesandmethods.Ymcanhavealternateconstructorsas
well.Considerthis Rzn  class,withtwoconstructors:

Download scala/constructor.scala

classPerson(first_name:String){
printin("Outerconstructor" )
defthis (first_name:String,last_name:String){
this(first_name)
printin("Innerconstructor" )
}
deftalk(Q=println( "Hi™)

}

valbob=newPerson( "Bob")

valbobTate=newPerson( "Bob", "Tate")
Theclasshasaconstructorwithoneparameter, firstName,andamethod

called talk.Noticethe this method.That’sthesecondconstructor.Ittakes
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twoparameters, firstName and lastName.Initially,themethodinvokes  this
withtheprimaryconstructor,withonlythe firstName parameter.

Thecodeaftertheclassdefinitioninstantiatesa personintwoways,
first with the primary constructor, then next with the auxiliary
constructor:

batate$scalacode/scala/constructor.scala

Outerconstructor

Quterconstructor
Innerconstructor

That’sallthereistoit. Auxiliary constructorsareimportantbecause
they allow for a broad array of usage patterns. Let’s look at how to
createclassmethods.

ExtendingClasses

Sofar,theclasseshavebeenprettyvanilla.Wcreatedacoupleofbasic
classeswithnothingmorethanattributesandmethods.Inthissection,
we’lllookatsomeofthewaysthatclassescaninteract.

CompanionObjectsandClassMethods

InJavaandRuby,youcreatebothclassmethodsandinstancemethods
withinthesamebody.InJava,classmethodshavethe static keyword.
Rubyuses defself.class_method .Scalausesneitherofthesestrategies.
Instead,youwilldeclareinstancemethodsinthe class definitions.When
there’ssomethingthatcanhaveonlyoneinstance,you’lldefineitwith

the object keywordinsteadofthe class keyword.Here’sanexample:

Download scala/ring.scala

objectTrueRing{
defrule=printin( "Torulethemall" )
}

TrueRing.rule

The Tdig definitionworksexactlylikeany  class definition,butitcre-
atesasingletonobject.In Scala,youcanhavebothan object defini-
tionanda closs definition with the same name. Using this scenario,

you can create class methods within the singleton object declaration
andinstancemethodswithintheclassdeclaration.Inourexample,the
method rule isaclassmethod.Thisstrategyiscalled companionobjects .
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Inheritance

InheritanceinScalaisprettystraightforward, butthesyntaxmustbe

exact. Here’s an example of extending a REn classwith Employee.
Noticethatthe Employee hasanadditionalemployeenumberinthe id

field.Here’sthecode:

Download scala/employee.scala

classPerson(valname:String){
deftalk(message:String)=printin(name+ "says" +message)
defid() :String=name

b

classEmployee(overridevalname:String,
valnumber:Int)extendsPerson(name) {
overridedeftalk(message:String) {
printin(name+ "withnumber" +number+ "says" +message)

}

overridedefid() :String=number.toString

}

valemployee=newEmployee( "Yoda" ,4)
employee.talk("Extendorextendnot.Thereisnotry." )

Inthisexample, we'reextending the Ren  baseclasswith Employee.
We  addinganewinstancevariablecalled number in Employee, and
we’realsooverridingthe talk messagetoaddsomenewbehavior.Most
ofthetrickysyntaxisaroundtheclassconstructordefinition. Notice
thatyoumust specify the complete parameterlist for Ren ,though
youcanomitthetypes.

The ogb keyword, both in the constructor and for any methods
youwanttoextend fromthebaseclass,ismandatory. This keyword
willkeep you from inadvertently introducing new methods with mis-
spellings.Allinall,therearenomajorsurpriseshere,butattimes,Ido
feelabitlikeEdwardtryingtopetafragilebabybunny.Movingon....

B

Everyobject-orientedlanguagemustsolvetheproblemthatoneobject
canhaveseveraldifferentroles. Anobjectcanbeapersistent, serial-
izableshrubbery. Yndon'twantyourshrubberytohavetoknowhow
topushbinarydataintoMySQL. C++usesmultipleinheritance,Java
usesinterfaces,Rubyusesmixins,andScalausestraits.AScalatrait
islike a Ruby mixin, implemented with modules. Or, ifyou prefer, a
traitislikeaJavainterfaceplusanimplementation.Lookatatraitas
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apartial-classimplementation.Ideally,itshouldimplementonecritical
concern.Here’sanexamplethataddsthetrait Nice to Ren

Download scala/nice.scala

classPerson(valname:String)

traitNice{
defgreet()=printin( "Howd1i Tydoodily." )
}

classCharacter(overridevalname:String)extendsPerson(name)withNice

valflanders=newCharacter( "Ned'")
flanders.greet

The first element you see is Ren .Itisasimple closs withasingle
attributecalled name.Thesecondelementisthe frait called Nice.That
isthemixin.Ithasasinglemethod called greet. Thefinalelement, a
classcalled Character,mixesinthe Nicetrait. Clientscannowusethe
greet method on any instanceof = Character. The output is what you
wouldexpect:

batate$scalacode/scala/nice.scala
Howd1ilydoodily.

There’snothingtoocomplicatedhere. W cantakeourtraitcalled Nice
withamethodcalled greet andmixitintoanyScalaclasstointroduce
the greet behavior.

WhatWelLearnedinDay 1

W coveredatremendousamountofterritoryindaylbecausewehave
tofullydeveloptwodifferentprogrammingparadigmsinonelanguage.
Day 1 showedthatScalaembracesobject-oriented concepts, running
intheJVMside-by-sidewithexistingJavalibraries. Scala’ssyntaxis
similar to that of Java and is also strongly and statically typed. But
Martin Oderskywrote Scala tobridge two paradigms: object-oriented
programmingandfunctionalprogramming.Thesefunctionalprogram-
mingconceptsthatwe’llintroduceinday2willmakeiteasiertodesign
concurrentapplications.

Scala’sstatictypingisalsoinferred.Usersdonotalwaysneedtodeclare
typesforallvariables in all situations because Scala can often infer
thosetypesfromsyntacticalclues.Thecompilercanalsocoercetypes,
such as integers to strings, allowing implicit type conversions when
theymakesense.
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Scala’sexpressionsworkmuchliketheydoinotherlanguages,butthey
arealittlemorestrict.Mostconditionalsmusttakeabooleantype,and

0 or Nil willnotwork at all; they can substitute for neither frue nor
te .Butthere’snothingdramaticallydifferentaboutScala’sloopingor
controlstructures.Scaladoessupportsomemoreadvancedtypes,like
tuples(fixed-lengthlistswithheterogeneoustypes)andranges(afixed,
all-inclusiveorderedsequenceofnumbers).

ScalaclassesworkmuchliketheydoindJava, buttheydon’tsupport
classmethods.Instead,Scalausesaconceptcalled companionobjects
to mix class and instance methods on the same class. Where Ruby

uses mixins and Java uses interfaces, Scala uses a structurelike a
mixincalleda H

In day 2, we’ll take a full pass through Scala’s functional features.
w cover code blocks, collections, immutable variables, and some
advancedbuilt-inmethodslike  fild

Day1Self-Study

ThefirstdayofScalacoveredalotofground, butitshouldbemostly
familiarterritory. Theseobject-orientedconceptsshouldbefamiliarto
you.Theseexercisesarealittleadvancedcomparedtotheearlierexer-
cisesinthebook,butyoucanhandleit.

Find:
*TheScalaAPI
* AcomparisonofJavaandScala
® Adiscussionof \d versus \a
Do:

* Weagamethatwilltakeatic-tac-toeboardwithX,0,andblank
charactersanddetectthewinnerorwhetherthereisatieorno
winneryet.Useclasseswhereappropriate.

* Bonusproblem:Lettwoplayersplaytic-tac-toe.

5.3 Day2:ClippingBushesandOtherNewTs

In Edward Scissorhands , amagical moment happens when Edward
realizesthathe’scomefarfromthehouseonthehilland hisunique
abilitiesmaygivehimaspecialplaceintheexistingsociety.
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Anyonewith an eye for programminglanguage history has seen this
fableplayed outbefore. When theobject-oriented paradigmwasnew,
themassescouldnotacceptSmalltalkbecausetheparadigmwastoo
new.W neededalanguagethatwouldletthem continuetodo pro-
ceduralprogrammingandexperimentwithobject-orientedideas.Wh
C++,thenewobject-orientedtrickscouldlivesafelybesidetheexisting
Cproceduralfeatures.Theresultwasthatpeoplecouldstartusingthe
newtricksinanoldcontext.

Now.it'stimetoputScalathroughitspacesasafunctionallanguage.
Some of this will seem awkward at first, but the ideas are powerful
andimportant. Theywillformthefoundationfortheconcurrencycon-
structsyou’llseelaterinday3.Let’sstartfromthebeginning, witha
simplefunction:

scala>defdouble(x:Int):Int=x % 2
double: (Int)Int

scala>double(4)
resO:Int=8

Defining afunctionlooksawholelotlike it does with Ruby. The def
keyword defines both a function and amethod. The parameters and

their types comenext. After that, you can specify an optionalreturn
type.Scalacanofteninferthereturntype.

Toinvokethefunction,justusethenameandtheargumentlist.Notice
thatunlikeRuby,theparenthesesarenotoptionalinthiscontext.

This is a one-line method definition. Y can also specify a method
definitioninblockform:
scala>defdouble(x:Int):Int={

| x =2

|3
double: (Int)Int

scala>double(6)
res3:Int=12

That=afterthe Int returntypeismandatory.Forgettingitwillcause
youtrouble.Thesearethemajorformsoffunctiondeclarations. Yak
seeminorvariations, suchasomitting parameters, butthesearethe
formsyou’llseemostoften.

Let’smoveontothevariablesthatyou'llusewithinafunction. Yol
wanttopaycarefulattentiontothelifecycleofthevariableifyouwant
tolearnthepurefunctionalprogrammingmodel.
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vavasd

Scalaisbased onthedJavavirtualmachineand hasatightrelation-
shipwithJava.Insomeways, thesedesign goalslimitthelanguage.
Inotherways, Scalacantakeadvantage of thelastfifteen or twenty

years of programminglanguage development. Yal seeanincreased
emphasisonmakingScalafriendly for concurrent programming. But
allthe concurrency features in theworld won’thelpyouifyoudon’t
followbasicdesignprinciples. Mutablestateisbad. Whenyoudeclare
variables,youshouldmakethemimmutablewheneveryoucantoavoid
conflictingstate.InJava,thatmeansusingthe final keyword.InScala,
immutablemeansusing d insteadof \a :

scala>varmutable="Iammutable"
mutable:java.lang.String=Iammutable

scala>mutable="Touchme,changeme..."
mutable:java.lang.String=Touchme,changeme...

scala>valimmutable="Iamnotmutable"
immutable:java.lang.String=Iamnotmutable

scala>immutable="Can'ttouchthis"
<console>:5:error:reassignmenttoval

immutable="Can'ttouchthis"
A

So, @ valuesaremutable; \d valuesarenot. Inthe console, asa
convenience,youcanredefineavariableseveraltimesevenifyouuse

d .Onceyoustepoutsideoftheconsole,redefininga d willgenerate
anerror.
Insomeways,Scalahadtointroducethe \a -stylevariablestosupport

thetraditionalimperativeprogrammingstyle , butwhileyou'relearning
Scala,it’sbesttoavoid va whenyoucanforbetterconcurrency.This
basicdesignphilosophyisthekeyelementthatdifferentiatesfunctional
programming from object-oriented programming:  mutable state limits
concurrency.

Let’smoveontosomeofmyfavoriteareaswithinfunctionallanguages,
dealingwithcollections.

Collections

Functionallanguageshave alonghistoryof spectacularly usefulfea-
turesforcollections.Oneoftheearliestfunctionallanguages,Lisp,was
builtaround theideaofdealingwith lists. The very name stands for
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LIStProcessing. Functionallanguages makeiteasy tobuild complex
structures containing data and code. Scala’s primary collections are
lists,sets,andmaps.

Lists

Aswithmostfunctionallanguages, the bread-and-butterdata struc-
tureisthelist.Scala’slists, oftype List,areordered collectionsoflike
thingswithrandomaccess.Entertheselistsintotheconsole:

scala>List(1,2,3)
res4:List[Int]=List(1,2,3)

Notice the first return value: List{Int] =List(1,2,3) .Thisvaluenotonly
showsthetypeoftheoveralllistbutalsoshowsthetypeofthedata
structureswithinthelist.Alistof Stringslookslikethis:

scala>List("one","two","three")
res5:List[java.lang.String]=List(one,two, three)

Ifyou’re seeing a little Java influence here, you'reright. Javahasa
featurecalledGenericsthatallowsyoutotypetheitemswithinadata
structurelikealistorarray.Let'sseewhathappenswhenyouhavea
listcombining Stringsand Ints:

scala>List("one","two",3)
res6:List[Any]=List(one,two,3)

Yu getthedatatype Any,whichisthecatchalldatatypeforScala.
Here’showyou’daccessanitemofalist:

scala>List("one","two",3) (2)
res7:Any=3

scala>List("one","two",3) (4)

java.util.NoSuchElementException:headofemptylist
atscala.Nil$.head(List.scala:1365)
atscala.Nil$.head(List.scala:1362)
atscala.List.apply(List.scala:800)
at.<init>(<console>:5)
at.<clinit>(<console>)
atRequestResult$.<init>(<console>:3)
atRequestResult$.<clinit>(<console>)
atRequestResult$result(<console>)
atsun.reflect.NativeMethodAccessorImpl.invokeO(NativeMet...

Yuusethe (O operator.Listaccessisafunction,soyouuse 0 instead
of [].Scala’sindexforliststartswithO,asitdoeswithJavaandRuby.
Unlike Ruby, accessinganitemoutofrangewillthrowanexception.
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Yu cantrytoindexwithanegativenumber. Earlierversionsreturn
thefirstelement:

scala>List("one","two",3)(-1)
res9:Any=one

scala>List("one","two",3) (-2)
res10:Any=one

scala>List("one","two",3)(-3)
resll:Any=one

Sincethatbehaviorisalittleinconsistentwiththe NoSuchElement excep-
tionforanindexthat’stoolarge,version2.8.0correctsthatbehavior,
returning java.lang.IndexOutOfBoundsException.

Onefinalnote. Nil inScalaisanemptylist:

scala>Nil
res33:Nil.type=List()

W usethislistasabasicbuildingblockwhenwecovercodeblocks,
butfornow,bearwithme.I'mgoingtointroduceacoupleofothertypes
ofcollectionsfirst.

Sets

Asetislikealist,butsetsdonothaveanyexplicitorder.Yaspecifya
setwiththe Set keyword:

scala>valanimals=Set("1ions","tigers","bears')
animals:scala.collection.immutable.Set[java.lang.String]l=
Set(lions,tigers,bears)

Addingorsubtractingfromthatsetiseasy:

scala>animals+"armadillos"
res25:scala.collection.immutable.Set[java.lang.String]l=
Set(lions,tigers,bears,armadillos)

scala>animals-"tigers"
res26:scala.collection.immutable.Set[java.lang.String]=Set(lions,bears)
scala>animals+Set("armadillos","raccoons')
<console>:6:error:typemismatch;

found :scala.collection.immutable.Set[java.lang.String]
required:java.lang.String

animals+Set("armadillos","raccoons™)
A

Keepinmindthatsetoperationsarenotdestructive.Eachsetoperation
buildsanewsetratherthanmodifyingtheold ones. By default, sets
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areimmutable.Asyoucansee,addingorremovingasingleelementis

apieceofcake, butyoucan’tusethe + or - tocombinesets, asyou
wouldinRuby.InScala,youwanttouse ++ and -- forsetunionand
setdifference:

scala>animals++Set("armadillos","raccoons')
res28:scala.collection.immutable.Set[java.lang.String]l=
Set(bears,tigers,armadillos,raccoons,lions)

scala>animals--Set("1ions","bears'")
res29:scala.collection.immutable.Set[java.lang.String]=Set(tigers)

Yucanalsoperformsetintersection(elementsintwosetsthatarethe
same)with **2:

scala>animals = Set("armadillos","raccoons","lions","tigers")
resl:scala.collection.immutable.Set[java.lang.String]=Set(lions,tigers)

Unlikea List,a Set isindependentoforder. This rule will mean that
equalityforsetsandlistsisdifferent:

scala>Set(1,2,3)==Set(3,2,1)
res36:Boolean=true

scala>List(1,2,3)==List(3,2,1)
res37:Boolean=false

That’'senoughsetmanipulationfornow.Let’'smoveontomaps.

Maps

A Map isakey-valuepair,likeaRuby Hash.Thesyntaxshouldbefamil-
iartoyou:

scala>valordinals=Map(0->'"zero",1->"one",2->"two")

ordinals:scala.collection.immutable.Map[Int,java.lang.String]=
Map (0->zero,1->one,2->two)

scala>ordinals(2)
res4l:java.lang.String=two

LikeaScala List or Set,youspecifya Map withthe Map keyword. Y
separatetheelementsofthemapwiththe -> operator.Ym justused
somesyntacticsugarthatmakesiteasytocreateaScalamap.Let’s
useanotherformofthehashmapandspecifythetypesofthekeyand

value:

scala>importscala.collection.mutable.HashMap
importscala.collection.mutable.HashMap

2. Use&beginninginScala2.8.0,because**isdeprecated.
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scala>valmap=newHashMap[Int,String]
map:scala.collection.mutable.HashMap[Int,String]l=Map()

scala>map+=4->""four"
scala>map+=8->"eight"

scala>map
res2:scala.collection.mutable.HashMap[Int,String]=
Map (4->four,8->eight)

First,weimporttheScalalibrariesforamutable HashMap.Thatmeans
thevalueswithinthehashmapcanchange. Next, wedeclareanim-
mutablevariablecalled mp .Thatmeansthatthe gre tothemap
cannotchange. Noticethatwe'realsospecifyingthetypesofthekey-
valuepairs.Finally,weaddsomekey-valuepairsandreturntheresult.

Here’swhatwouldhappenifyouspecifiedthewrongtypes:

scala>map+="zero"->0
<console>:7:error:overloadedmethodvalue+=withalternatives(Int)map.MapTo
<and>((Int,String))Unitcannotbeappliedto((java.lang.String,Int))
map+="zero"->0
A

Asexpected,yougetatypingerror. Thetypeconstraintsareenforced
wherepossibleatcompiletimebutalsoatruntime.Sonowthatyou’ve
seenthebasicsforcollections,let’sdiveintosomeofthefinerdetails.

AnyandNothing

Beforewemoveontoanonymousfunctions,let’stalkalittlebitmore
abouttheclasshierarchyinScala.Whenyou'reusingScalawithJava,
youwilloftenbemoreconcernedabouttheJavaclasshierarchy.Still,
youshouldknowalittlebitabouttheScalatypes. Any istherootclass
inthe Scala class hierarchy. It’s often confusing, but knowthat any
Scalatypewillinheritfrom  Any.

Similarly, Nothing isasubtypeofeverytype.Thatway,afunction,say
foracollection,canreturn  Nothing andconformtothereturnvaluefor
the given function. Itis alllaid outin Figure 5.1, on the next page.
Everythinginheritsfrom Any,and Nothing inheritsfromeverything.

Thereareafewdifferentnuanceswhenyou'redealingwithnilconcepts.

Null isa ® ,and null isaninstanceofitthatworkslikeJava’s null,
meaninganemptyvalue.Anemptycollectionis Nil.Bycontrast, Nothing
isatraitthatisasubtypeofeverything. Nothing hasnoinstance, so
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etc...

ScalaObject

Figure5.1: Any and Nothing

youcan'tdereferenceitlike  Null.Forexample,amethodthatthrowsan
Exception hasthereturntype Nothing,meaningnovalueatall.

Keep those rules in the back of your mind, and you’ll be fine. Now,
you'rereadytodoalittlebitmorewithcollectionsusinghigher-order
functions.

CollectionsandFunctions

Aswestartonlanguagesthathaveastrongerfunctionalfoundation,
Iwanttoformalize someofthe conceptswe'vebeen workingwith all
along.Thefirstsuchconceptis higher-orderfunctions .

Aswith Rubyand]Io, Scalacollections getawholelotmoreinterest-
ingwithhigher-orderfunctions.JustasRubyused each andloused
texh |, Scalawillletyoupassfunctionsinto texh  .Theunderlying
conceptthatyou'vebeenusingallalongisthehigher-orderfunction.
Inlayman’sterms,ahigher -orderfunctionisonethatproducesorcon-
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sumesfunctions.Morespecifically,ahigher-orderfunctionisonethat
takesotherfunctionsasinputparametersorreturnsfunctionsasout-
put. Composing functions that use other functions in this wayis a
criticalconceptforthefunctionalfamilyoflanguagesandonethatwill
shapethewayyoucodeinotherlanguagesaswell.

Scalahaspowerfulsupportforhigher-orderfunctions. W don’thave
timetolookatsomeoftheadvanced topicssuchaspartiallyapplied
functionsorcurrying,butwewilllearntopasssimplefunctions,often

called codeblocks ,asparametersintocollections.Yaicantakeafunc-

tion and assign it to any variable or parameter. Y can pass them
intofunctionsandreturnthemfromfunctions.We goingtofocuson
anonymousfunctionsasinputparameterstoafewofthemoreinter-
estingmethodsoncollections.

tieoch

Thefirstfunctionwe regoingtoexamineis texh ,theiterationwork-
horseinScala.Aswithlo, the texh methodonacollectiontakesa
codeblockasaparameter.InScala,you'llexpressthatcodeblockin
theform \daiENmre=>yaCxb likethis:

scala>vallist=List("frodo","samwise","pippin")
Tist:List[java.lang.String]l=List(frodo,samwise,pippin)

scala>T1ist. foreach(hobbit=>printinChobbit))
frodo
samwise

pippin

hobbit => printin(hobbit) isan anonymous function , meaning a function
withoutaname. Thedeclarationhastheargumentstotheleftofthe
=>,andthecodeistotheright. feah callstheanonymousfunction,
passingineachelementofthelistasaninputparameter.Asyoumight
haveguessed,youcanusethesametechniqueforsetsandmapstoo,
thoughtheorderwon’tbeguaranteed:
valhobbits=Set("frodo","samwise","pippin")

hobbits:scala.collection.immutable.Set[java.lang.String]=
Set(frodo,samwise,pippin)

scala>hobbits. foreach(hobbit=>printinChobbit))
frodo

samwise

pippin

scala>valhobbits=Map("frodo"->"hobbit",

"samwise'->"hobbit","pippin'->"hobbit'")
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hobbits:scala.collection.immutable.Map[java.lang.String,java.lang.String]=
Map (frodo->hobbit,samwise->hobbit,pippin->hobbit)

scala>hobbits. foreach(hobbit=>printin(hobbit))
(frodo, hobbit)

(samwise,hobbit)

(pippin,hobbit)

Ofcourse, mapswillreturntuplesinstead ofelements. Asyourecall,
youcanaccesseitherendofthetuple,likethis:
scala>hobbits. foreach(hobbit=>printinChobbit._1))

frodo
samwise

pippin

scala>hobbits. foreach(hobbit=>printincChobbit._2))
hobbit
hobbit
hobbit

Whtheseanonymousfunctions,youcandofarmorethanjustiterate.

I'mgoingtowalkyouthroughsomebasicsandthenafewoftheother
interestingwaysScalausesfunctionsinconjunctionwithcollections.

MorelistMethods

I'mgoingtotakeabriefdiversiontointroduceafewmoremethodson
List. Thesebasicmethodsprovidethefeaturesyou’llneedtodomanual
iterationorrecursionoverlists. First,herearethemethodstotestfor
theemptystateorcheckthesize:

scala>Tist
res23:List[java.lang.String]l=List(frodo,samwise,pippin)

scala>Tist.isEmpty
res24:Boolean=false

scala>Nil.isEmpty
res25:Boolean=true

scala>list.length
res27:Int=3

scala>Tlist.size
res28:Int=3

Noticethatyoucancheckthesizeofalistwithboth length and size.Also,
rememberthattheimplementationof  Nil isanemptylist.AswithProlog,
it'susefultobeabletograbtheheadandtailofalistforrecursion.
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scala>1ist.head
res34:java.lang.String=frodo

scala>Tist.tail
res35:List[java.lang.String]=List(samwise,pippin)

scala>Tist.last
res36:java.lang.String=pippin

scala>Tist.init
res37:List[java.lang.String]=List(frodo, samwise)

There’sasurprise. Yu canuse head and fail torecurseheadfirst,or
last and init torecursetailfirst.Widoalittlemorewithrecursionlater.
Let’swrapupthebasicswithafewinterestingconveniencemethods:

scala>list.reverse
res29:List[java.lang.String]l=List(pippin,samwise,frodo)

scala>Tist.drop(1)
res30:List[java.lang.String]=List(samwise,pippin)

scala>list
res31l:List[java.lang.String]l=List(frodo,samwise,pippin)

scala>Tist.drop(2)
res32:List[java.lang.String]l=List(pippin)

These dojust about what you'd expect. reverse returns the list with
invertedordering,and drop(n) returnsthelistwiththefirst n elements
removed,withoutmodifyingtheoriginallist.

count,map filter,andOthers

AswithRuby,Scalahasmanyotherfunctionsthatmanipulatelistsin
variousways.Yu  canfilterthelist tomatch a given condition, sort
alistusingwhatever criteriayouwant, create otherlists using each
elementasaninput,andcreateaggregatevalues:

scala>valwords=List("peg","al","bud", "kelly")
words:List[java.lang.String]=List(peg,al,bud,kelly)

scala>words.count (word=>word.size>2)
res43:Int=3

scala>words. filter(word=>word.size>2)
resd44:List[java.lang.String]=List(peg,bud,kelly)

scala>words.map (word=>word.size)
res45:List[Int]=List(3,2,3,5)
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scala>words. forall (word=>word.size>1)
res46:Boolean=true

scala>words.exists(word=>word.size>4)
res47:Boolean=true

scala>words.exists(word=>word.size>5)
res48:Boolean=false

W startwith a Scalalist. Then, we count all the words with a size

greater than two. count will call the code block wad =>wade > 2 s
evaluatingtheexpression wide>2 foreachelementinthelist.The
count methodcountsallthe frue expressions.

Inthesameway, wodBhad=>wade>2) returns alist ofall
wordsthathaveasizegreaterthantwo,muchlikeRuby’s select.Using
thesamepattern, nmop buildsalistofthesizesofallthewordsinthe

list, 6d returns true ifthecodeblockreturns true forallitemsinthe
set,and exists returns frue ifthecodeblockreturns frue foranyitemin
theset.

Sometimes, you can generalize a feature using code blocks to make
something more powerful. For example, youmay want tosortin the
traditionalway:

scala>words.sort((s,t)=>s.charAt(0).toLowerCase<t.charAt(0).toLowerCase)
res49:List[java.lang.String]=List(al,bud,kelly,peg)

Thiscodeusesacodeblockthattakestwoparameters, s and t.Using
sort,3 you cancompare the twoarguments any wayyouwant. Inthe
previous code, we convert the characters tolowercase 4 and compare

them. Thatwill yield a case-insensitive search. W canalsousethe
samemethodtosortthelistbythesizeofthewords:

scala>words.sort((s,t)=>s.size<t.size)
res50:List[java.lang.String]l=List(al,bud,peg,kelly)

Byusingacodeblock,wecansort 5 basedonanypolicythatwewant.
Let’'stakealookatamorecomplexexample, tolef

tid

The file methodin Scalaismuchlike the inject method in Ruby.
Ylsupplyaninitialvalueandacodeblock. (0] willpasstothe

3. Inversion2.8.0, sortisdeprecated.Use sortWith instead.
4. Inversion2.8.0, tolLowerCase isdeprecated.Use tolower instead.
5. Inversion2.8.0, sort isdeprecated.Use sortWith instead.
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codeblock each element ofthe array and anothervalue. The second
valueis either the initial value (for the firstinvocation) or the result
fromthe codeblock (for subsequentinvocations). There are twover -
sionsofthemethod.Thefirstversion, /:,isanoperatorwith initialValue
/:codeBlock .Here’sthemethodinaction:

scala>vallist=List(1,2,3)
Tist:List[Int]=List(1,2,3)

scala>valsum=(0/:1ist) {(sum,i)=>sum+i}
sum:Int=6

W walkedthroughthissequenceforRuby,butitmayhelpyoutosee
itagain.Here’showitworks:

*W invoketheoperatorwithavalueandacodeblock.Thecode
blocktakestwoarguments, sum and i.

e Initially, /: takestheinitialvalue, 0,andthefirstelementof list, 1,
andpassesthemintothecodeblock. sum is 0, i is 1,andtheresult
of 0+1 is 1.

e Next, /: takes 1,theresultreturnedfromthecodeblock,andfolds
itbackintothecalculationas sum.So, sum is 1; i isthenextele-
mentof list,or 2;andtheresultofthecodeblockis 3.

*Finally, /: takes3,theresultreturnedfromthecodeblock, and
foldsitbackintothecalculationas sum.So, sum is 3; i isthenext
elementof list,or 3;and sum+i is 6.

The syntax of the other version of folef will seem strange to you.
Itusesaconceptcalled currying. Functionallanguages use currying
totransformafunctionwithmultipleparameterstoseveralfunctions
with theirown parameterlists. W seemorecurryingin Chapters8,
Haskell, on page 268. Just understand that what’s going on under
thecoversisacompositionoffunctionsratherthanasinglefunction.
Though the mechanics and syntaxaredifferent, theresultis exactly
thesame:

scala>vallist=List(1,2,3)
Tist:List[Int]=List(1,2,3)

scala>1ist.foldLeft(0) ((sum,value)=>sum+value)
res54:Int=6
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Noticethatthefunctioncall list.foldLeft(Q)((sum \dg=>sum-+\de has
twoparameterlists. That'sthecurryingconceptthatlmentionedear-
lier.Yilseeversionsofthismethodwithalltherestofthelanguages

inthisbook.

WhatWelearnedinDay2

Day 1wasencumberedwithworkingthroughtheobject-orientedfea-
turesthatyoualreadyknow.Day2introducedScala’sprimaryreason
forbeing:functionalprogramming.

Weéstartedwithabasicfunction.Scalahasflexiblesyntaxwithfunction
definitions.Thecompilercanofteninferthereturntype, thefunction
body has one-line and code-block forms, and the parameter list can

vary.

Next,welookedatvariouscollections.Scalasupportsthree:lists,maps,
andsets.Asetisacollectionofobjects.Alistisanorderedcollection.
Finally,mapsarekey-valuepairs.AswithRuby,yousawthepowerful
combinationsofcodeblocksandcollectionsofvariouskinds.Wlooked
atsomecollection APIsthatareindicative offunctional programming
paradigms.

Forlists,wecouldalsouseLisp-styleheadandtailmethods,justlike

Prolog, toreturnthefirstelementofthelistortherest. ié alsoused
count, empty,and first methodsforobviouspurposes.Butthemostpow-
erfulmethodstookfunctionblocks.

V¢ iteratedwith feaxh  andused filter toselectivelyreturnvariousele-
mentsofthelists.W¢  alsolearnedtouse il toaccumulateresults
asweiteratedthroughacollectiontodothingssuchaskeepingarun-
ningtotal.

Muchoffunctionalprogrammingislearningtomanipulatecollections
withhigher-levelconstructsinsteadofJava-styleiteration. W willput
these skills through their paces inday 3, when we will learn to use
concurrency,dosomeXML,andworkasimplepracticalexample.Stay
tuned.

Day2Self-Study

Now thatwe've gotten deeper into Scala, you're starting to see some
ofitsfunctionalaspects.Wheneveryoudealwithfunctions,thecollec-
tionsareagreatplacetostart. Theseexerciseswillletyouusesomeof
thecollections,aswellassomefunctions.
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Find:
¢ AdiscussiononhowtouseScalafiles
* Whatmakesaclosuredifferentfromacodeblock
Do:
e Use fild tocomputethetotalsizeofalistofstrings.

* Wka Censor traitwithamethodthatwillreplacethecursewords
Shoot and Darn with Pucky and Beans alternatives.Useamapto
storethecursewordsandtheiralternatives.

¢ Loadthecursewordsandalternativesfromafile.

5.4 Day3:CuttingThroughtheFluff

Justbeforetheclimaxof EdwardScissorhands ,Edwardlearnstowield
hisscissorsasanartistineverydaylife. Hemolds shrubsintodino-
saurs,craftsspectacularhairwiththeeffortlessskillof\Sassoon,
andevencarvesthefamilyroast.WhScala, we'veencounteredsome
awkwardmoments, butwhenthislanguagefeelsright,it’'sborderline
spectacular. Hard things, like XML and concurrency, become almost
routine.Let’stakealook.

XML

Modern programming problems meet Extensible Markup Language
(XML)withincreasingregularity. Scalatakesthedramaticstepofele-
vatingXMLtoafirst-classprogrammingconstructofthelanguage.Ya
canexpressXMLjustaseasilyasyoudoanystring:

scala>valmovies=
| <movies>
| <moviegenre="action">PiratesoftheCaribbean</movie>
| <moviegenre="fairytale">EdwardScissorhands</movie>
| </movies>
movies:scala.xml.Elem=
<movies>
<moviegenre="action">PiratesoftheCaribbean</movie>
<moviegenre="fairytale">EdwardScissorhands</movie>
</movies>

Afteryou'vedefinedthe movies variablewithXML,youcanaccessdif-
ferentelementsdirectly.
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Forexample,toseealltheinnertext,youwouldsimplytypethis:

scala>movies.text
resl:String=

PiratesoftheCaribbean
EdwardScissorhands

Yuseealltheinnertextfromthepreviousexample. Butwe renotlim-
itedtoworkingwiththewholeblockatonce.W canbemoreselective.
Scalabuildsinaquerylanguagethat’smuchlikeXPath,anXMLsearch
language. Butsincethe // keywordinScalaisacomment, Scalawill
use \ and \\.Tosearchthetop-levelnodes,you’'duseonebackslash,
likethis:

scala>valmovieNodes=movies\ "movie"

movieNodes:scala.xml.NodeSeq=

<moviegenre="action">PiratesoftheCaribbean</movie>
<moviegenre="fairytale">EdwardScissorhands</movie>

Inthatsearch,welooked forXMLmovieelements. Yu canfindindi-
vidualnodesbyindex:

scala>movieNodes (0)
res3:scala.xml.Node=<moviegenre="action">PiratesoftheCaribbean</movie>

W justfoundelementnumberzero,or PiratesoftheCaribbean .Yacan
alsolookforattributesofindividual XMLnodesbyusingthe @ sym-
bol.Forexample,tofindthe genre attributeofthefirstelementinthe
document,we’ddothissearch:

scala>movieNodes (0)\'"@genre"
res4:scala.xml.NodeSeg=action

This example just scratches the surface with what you can do, but
yougettheidea.lfwemixinProlog-stylepatternmatching, thingsget
alittlemore exciting. Next, we'llwalk through an example of pattern
matchingwithsimplestrings.

REnMatching

Pattern matchinglets you conditionally execute code based on some
pieceofdata.Scalawillusepatternmatchingoften,suchaswhenyou
parseXMLorpassmessagesbetweenthreads.
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Here’sthesimplestformofpatternmatching:
Download scala/chores.scala

defdoChore(chore:String) :String=chorematch{

case '"cleandishes" => "scrub,dry"
case "cookdinner" => "chop,sizzle"
case_=> "whine,complain"

}

printin(doChore("cleandishes" ))
printin(doChore("mowlawn" ))

V¢ definetwochores, cleandishes and cookdinner .Nexttoeachchore,
we have a code block. In this case, the code blocks simply return
strings. Thelastchorewe defineis _,awildcard. Scalaexecutesthe
codeblockassociatedwiththefirstmatchingchore,returning“whine,
complain”ifneitherchorematches,likethis:

>>scalachores.scala

scrub,dry
whine,complain

Guards

Patternmatchinghassomeembellishmentstoo.InProlog,thepattern
matchingoftenhadassociatedconditions. Toimplementafactorialin
Scala,wespecifyaconditioninaguardforeach nadh statement:

Download scala/factorial.scala

deffactorial(n:Int):Int=nmatch{
case(O=>1
casexifx>0=>factorial(n-1) % n

}

printin(factorial(3))
printin(factorial(0))

Thefirstpatternmatchisa  0,butthesecondguardhastheform casex
ifx>0 .Itmatchesany x for x>0 .Yucanspecifyawidevarietyofcondi-
tionsinthisway.Patternmatchingcanalsomatchregularexpressions
andtypes. Yl seeanexamplelaterthatdefinesemptyclassesand
usesthemasmessagesinourconcurrencyexampleslater.

RegularExpressions

Scalahasfirst-classregularexpressions.The r methodonastringcan
translate any string to aregular expression. On the next pageisan
exampleofaregularexpressionthatcanmatchuppercaseorlowercase

F atthebeginningofastring.

Reporterratum

yis (P1.0printing.October2010)


http://media.pragprog.com/titles/btlang/code/scala/chores.scala
http://media.pragprog.com/titles/btlang/code/scala/factorial.scala
http://books.pragprog.com/titles/btlang/errata/add?pdf_page=169

DAY 3: CUTTING THROUGH THE FLUFF < 170

scala>valreg="""A(F|f)\w .r
reg:scala.util.matching.Regex=A(F|f)\w

scala>printin(reg. findFirstIn("Fantastic"))
Some(Fantastic)

scala>printin(reg. findFirstIn('notFantastic"))
None

W startwithasimplestring. W usethe "" delimitedformofastring,
allowingmultilinestringandeliminatingevaluation.The .r methodcon-
vertsthestringtoaregularexpression. W thenusethemethod find-
Firstin tofindthefirstoccurrence.

scala>valreg="the".r
reg:scala.util.matching.Regex=the

scala>reg.findA11In("thewaythescissorstrimthehairandtheshrubs™)
res9:scala.util.matching.Regex.MatchIterator=non-emptyiterator

In this example, we build a regular expression and use the findAllin
methodtofindalloccurrencesoftheword the inthestring ‘thewythe
scissorstrimthehairandtheshrubs”  .Ifwewanted,wecoulditeratethrough
theentirelistofmatcheswith  feah  .That’sreallyallthereistoit.Ya
canmatchwithregularexpressionsjustasyouwoulduseastring.

XMLwithMatching

AninterestingcombinationinScalaistheXMLsyntaxincombination
withpatternmatching. YmcangothroughanXMLfileandcondition-
allyexecutecodebasedonthevariousXMLelementsthatcomeback.
Forexample,considerthefollowingXMLmoviesfile:

Download scala/movies.scala

valmovies=<movies>
<movie>TheIncredibles</movie>
<movie>WALLE</movie>
<short>JackJackAttack</short >
<short>Geri'sGame</ short>
</movies>
(movies\ "_").foreach{movie=>
moviematch{
case<movie>{movieName}</movie>=>println(movieName)
case<short >{shortName}</short>=>println(shortName+ "(short)" )
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Itqueriesforallnodesinthetree. Then,itusespatternmatchingto
match shorts and movies. Ilike the way Scala makes the most com-
mon tasks trivial by working in XML syntax, pattern matching, and
theXQuery-likelanguage.Theresultisalmosteffortless.

So,that’'sabasictourofpatternmatching. Yiiseeitinpracticein
theconcurrencysectionnext.

Concurrency

OneofthemostimportantaspectsofScalaisthewayithandlescon-
currency.Theprimaryconstructsareactorsandmessagepassing.Ac-
torshavepoolsofthreadsandqueues.Whenyousendamessagetoan
actor(usingthe ! operator),youplaceanobjectonitsqueue.Theactor
readsthemessage and takes action. Often, theactorusesapattern
matchertodetectthemessageand performtheappropriatemessage.
Considerthe kids program:

Download scala/kids.scala

importscala.actors._
importscala.actors.Actor._

caseobjectPoke
caseobjectFeed

classKid()extendsActor{
defact(){
Toop{
react{
casePoke=>{
printin("Ow...")
printIn("Quitit..." )
}
casefFeed=>{
printin("Gurgle...")
printin("Burp...")

valbart=newKid().start
vallisa=newKid().start
println("Readytopokeandfeed..." )
bart!Poke

Tisa!Poke

bart!Feed

Tisa!Feed
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Inthisprogram,wecreatetwoempty,trivialsingletonscalled Rle and
fed .Theydon'tdoanything. Theysimplyserveasmessages. Themeat
oftheprogramisthe Kid class. Kid isanactor,meaningitwillrunfrom
apoolof threads and get messages in a queue. It will process each
messageandmoveontothenext. W startasimple loop.Withat

isa react construct. react receives an actor’s messages. The pattern
match lets us match the appropriate message, which will always be

Rie or fexd

Therestofthescriptcreatesacoupleofkidsandmanipulatesthemby
sendingthem Rle orfeed messages.Yaicanrunitlikethis:

batate$scalacode/scala/kids.scala
Readytopokeandfeed. ..

Ow. ..

Quitit...

Ow. ..

Quitit...

Gurgle...

Burp...

Gurgle...

Burp...

batate$scalacode/scala/kids.scala
Readytopokeandfeed. ..

Ow. ..

Quitit...

Gurgle...

Burp...

Ow. ..

Quitit...

Gurgle...

Burp...

Iruntheapplicationacoupleoftimestoshowthatitisactuallycon-
current. Notice that the order is different. Wh actors, you can also
reactwithatimeout( reactWithin),whichwilltimeoutifyoudon’treceive

themessagewithinthespecifiedtime.Additionally,youcanuse receive
(whichblocksathread)and receiveWithin (whichblocksathreadwitha
timeout).

ConcurrencyinAction

Since there’s only a limited market for simulated Simpsons, let’'s do
something a little more robust. In this application called sizer, we're
computingthesizeofwebpages.Wé hitafewpagesandthencompute
thesize. Sincethere’salotofwaitingtime, wewouldliketogetall of
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thepagesconcurrentlyusingactors.Take alookattheoverallprogram,
andthenwe’lllookatsomeindividualsections:

Download scala/sizer.scala

importscala.io._
importscala.actors._
importActor. _

objectPagelLoader{
defgetPageSize(url:String)=Source.fromURL(url) .mkString.length
b

valurls=List( "http://www.amazon.com/",
"http://www. twitter.com/",
"http://www.google.com/",
"http://www.cnn.com/" )

deftimeMethod(method: O=>Unit)={

valstart=System.nanoTime

method ()

valend=System.nanoTime

printin("Methodtook" +(end-start)/1000000000.0+ "seconds." )
b

defgetPageSizeSequentially()={
for(url<-urls){
printin("Sizefor" +url+

+Pageloader.getPageSize(url))
}
b

defgetPageSizeConcurrently(O={
valcaller=self

for(url<-urls){
actor{caller! (url,PagelLoader.getPageSize(url))}
}

for(i<-1tourls.size){
receive{
case(url,size)=>
printin("Sizefor" +url+

+size)
}
}
}

printin("Sequentialrun:" )
timeMethod{getPageSizeSequentially}

printin("Concurrentrun" )
timeMethod{getPageSizeConcurrently}
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So,let’sstartatthetop. W doafewbasicimportstoloadthelibraries
for actors and io sowecandoconcurrencyandHTTPrequests.Next,we
willcomputethesizeofapage,givenaURL:

objectPageloader{
defgetPageSize(url:String)=Source.fromURL(url1) .mkString.length
}

Next,wecreatea \d withafewURLs.Afterthat,webuildamethodto
timeeachwebrequest:

deftimeMethod(method: O=>Unit)={

valstart=System.nanoTime

method ()

valend=System.nanoTime

println("Methodtook"  +(end-start)/1000000000.0+ "seconds." )
b

Then,wedothewebrequestswithtwodifferentmethods. Thefirstis
sequentially,whereweiteratethrougheachrequestina thah loop.

defgetPageSizeSequentially()={
for(url<-urls){
printin("Sizefor" +url+
}
}

+Pageloader.getPageSize(url))

Here’sthemethodtodothingsasynchronously:

defgetPageSizeConcurrently(O={
valcaller=self

for(url<-urls){
actor{caller! (url,PageLoader.getPageSize(url))}
}

for(i<-1ltourls.size){
receive{
case(url,size)=>
printin("Sizefor" +url+

+size)
B
}
}

Inthisactor,weknowwe’llbereceivingafixedsetofmessages.Wha

tiah  loop,wesendfourasynchronousrequests.Thishappensmore
orlessinstantly. Next, we simply receive fourmessageswith receive.
Thismethod iswhere thereal work happens. Finally, we're ready to
runthescriptthatinvokesthetest:

printin("Sequentialrun:" )
timeMethod{getPageSizeSequentially}

Reporterratum

yis (P1.0printing.October2010)


http://books.pragprog.com/titles/btlang/errata/add?pdf_page=174

DAY 3: CUTTING THROUGH THE FLUFF < 175

printin("Concurrentrun" )
timeMethod{getPageSizeConcurrently}

Andhere’stheoutput:

>>scalasizer.scala

Sequentialrun:
Sizeforhttp://www.amazon.com/:81002
Sizeforhttp://www.twitter.com/:43640
Sizeforhttp://www.google.com/:8076
Sizeforhttp://www.cnn.com/:100739
Methodtook6.707612seconds.
Concurrentrun
Sizeforhttp://www.google.com/:8076
Sizeforhttp://www.cnn.com/:100739
Sizeforhttp://www.amazon.com/:84600
Sizeforhttp://www.twitter.com/:44158
Methodtook3.969936seconds.

As expected, the concurrent loop is faster. That’s an overview of an
interestingprobleminScala.Let’sreviewwhatwelearned.

WhatWelearnedinDay3

Whatday3lackedinsize,itmadeupinintensity. W builtacouple
ofdifferentconcurrentprogramsandworkedindirectXMLprocessing,
distributedmessagepassingwithactors,patternmatching,andregular
expressions.

Overthecourseofthechapter,welearnedfourfundamentalconstructs
thatbuiltononeanother.First,welearnedtouseXMLdirectlyinScala.
W couldqueryforindividualelementsorattributesusinganXQuery-
likesyntax.

V¢ thenintroduced Scala’s version of pattern matching. At first, it
looked like a simple  case statement, but as we introduced guards,
types,andregularexpressions,theirpowerbecamereadilyapparent.

Next, we shifted to concurrency. W used the actor concept. Actors
areobjectsbuiltforconcurrency.Theyusuallyhavea loop statement
wrappedarounda react or receive method,whichdoesthedirtywork
ofreceiving queued messages tothe object. Finally, wehad aninner
patternmatch.W usedrawclassesasmessages.Theyaresmall light,
robust, and easy to manipulate. If we needed parameters within the
message, wecouldjustaddnakedattributestoourclassdefinitions,
aswedidwiththeURLwithinthesizerapplication.

Reporterratum

opyis (P1.0printing.October2010)


http://books.pragprog.com/titles/btlang/errata/add?pdf_page=175

WRAPPING UP ScaLA <« 176

Likeall ofthelanguagesin thisbook, Scalaisfarmorerobust than
you'veseenhere.TheinteractionwithJavaclassesisfardeeperthan
I'veshownyouhere,andI'vemerelyscratchedthesurfaceoncomplex
conceptssuchascurrying. Butyouhaveagoodfoundationshouldyou
choosetoexplorefurther.

Day3Self-Study

So,nowyou’'veseensomeoftheadvancedfeaturesScalahastooffer.
Now,youcantrytoputScalathroughitspacesyourself. Asalways,
theseexercisesaremoredemanding.

Find.

¢ Forthesizerprogram,whatwouldhappenifyoudidnotcreatea
newactorforeachlinkyouwantedtofollow?Whatwouldhappen
totheperformanceoftheapplication?

Do:

* Take thesizerapplicationandaddamessagetocountthenumber
oflinksonthepage.

* Bonusproblem: Makethesizerfollowthelinksonagivenpage,
andloadthemaswell.Forexample,asizerfor*google.com”would
computethesizeforGoogleandallofthepagesitlinksto.

5.5 WrappingUpScala

We  covered Scala more exhaustively than the other languages so
farbecauseScalastronglysupportstwoprogrammingparadigms.The
object-oriented features firmly position Scala as a Java alternative.
Unlike RubyandIo, Scalahasastatictypingstrategy. Syntactically,
Scalaborrows many elements fromdJava, including curly braces and
constructorusage.

Scalaalsooffersstrongsupportforfunctionalconceptsandimmutable
variables.Thelanguagehasastrongfocusonconcurrencyand XML,
fittingawidevarietyofenterpriseapplicationscurrentlyimplemented
intheJavalanguage.

Scala’sfunctionalcapabilitiesgobeyondwhatl'vecoveredinthischap-
ter.Ihaven’tcovered constructssuchascurrying, fullclosures, mul-
tipleparameterlists, orexception processing, buttheyareallworthy
conceptsthataddtothepowerandflexibilityofScala.
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Let'slookatsomeofScala’scorestrengthsandweaknesses.

CoreStrengths

MostofScala’sstrengthsarecentered around anadvanced program-
ming paradigm that integrates well with the Java environment and
somecorewell-designedfeatures.Inparticular,actors,patternmatch-
ing,andtheXMLintegrationareimportantandwell-designed.Let’sget
righttothelist.

Concurrency

Scala’s treatment of concurrency represents a significantadvance in
concurrent programming. The actor model and the thread pool are
welcomeimprovements,andtheabilitytodesignapplicationswithout
mutablestateisabsolutelyhuge.

The actor paradigm thatyou’ve seen in Io and now Scala is easy to
understand fordevelopers and well studied by theacademic commu-
nity.BothdavaandRubycouldusesomeimprovementinthisarea.

The concurrencymodelis only partofthe story. When objects share
state, youmust strive forimmutablevalues.loand Scalaget thisat
leastpartiallyright, allowing mutable state butalso offeringlibraries
and keywords that support immutability. Immutability is the single
mostimportantthingyoucandotoimprove code designforconcur-
rency.

Finally,themessage-passingsyntaxyouseeinScalaismuchlikeyou
willseeinthenextchapteronErlang.Itisasignificantimprovement
overthestandardJavathreadinglibraries.

EvolutionofLegacyha

Scala starts with a strong, built-in user base: the Java community.
ScalaapplicationscanuseJavalibrariesdirectly,andthroughtheuse
ofcodegenerationofproxyobjectswhennecessary,theinteroperability
isexcellent.Inferredtypingisamuch-neededadvanceoverthearchaic
Javatypingsystem.Thebestwaytoestablishanewprogrammingcom-
munityistofullyembraceanexistingone.Scaladoesagoodjoboffer-
ingamoreconciseJava,andthatideahasvalue.

Scala also offers new features to the Java community. Code blocks
areafirst-classlanguageconstruct,and theyworkwellwiththecore
collection libraries. Scala also offers first-class mixins in the form of
traits. Patternmatchingisalsoasignificantimprovement. Whthese
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and other features, Java developers can have an advanced program-
ming language without even touching the more advanced functional
paradigms.

Throw in the functional constructs, and you can have significantly
improved applications. Scalaapplicationswillusuallyhaveafraction
of the total lines of code than an equivalent Java app would have,
andthat’sextremelyimportant.Abetterprogramminglanguageshould
allowyoutoexpressmorecomplexideaswithfewerlinesofcode,with
minimaloverhead.Scaladeliversonthispromise.

Domain-SpecificLanguages

Scala’sflexible syntaxand operatoroverloadingmakeitanideallan-
guage for developing Ruby-style domain-specific languages. Remem-
ber, as in Ruby, operators are simply method declarations, and you
canoverride themin mostcases. Additionally, optional spaces, peri-
ods,andsemicolonsletthesyntaxtakemanydifferentforms.Together
withrobustmixins,thesearethetoolsthataDSLdeveloperseeks.

XML

ScalahasintegratedXMLsupport.Thepatternmatchingmakespars-
ingblocksofdisparateXMLstructureseasytouse.Theintegrationof
theXPathsyntaxfordivingdeepintocomplexXMLleadstosimpleand
readable code. This advance is welcome and important, especially to
theXML-heavyJavacommunity.

Bridging

The emergence of each new programming paradigm needs a bridge.
Scalaiswell-positionedtobethatbridge. Thefunctionalprogramming
modelisimportantbecauseithandlesconcurrencywell,andevolving
processordesignsaremuchmoreconcurrent. Scalaoffersaniterative
waytotakedevelopersthere.

Wadresss

AlthoughlIlike many ofthe Scalaideasin concept, Ifind the syntax
demandingandacademic. Althoughsyntaxisamatteroftaste, Scala
doeshaveahigherburdenthanmostotherlanguages,atleasttothese
oldeyes.JlalsorecognizethatsomeofthecompromisesthatmakeScala
such an effective bridge alsowillundercutitsvalue. Ionly see three
weaknesses,buttheyarebigones.
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StaticTyping

Static typing is a natural fit for functional programming languages,
butJava-stylestatictypingforobject-oriented systemsisadealwith
the devil. Sometimes, you must satisfy a compiler’s requirements by
putting more ofaburden onyour developers. Wh static typing, the
burdenismuchmorethanyoueverexpect.Theimpactoncode,syntax,
andprogramdesignareprofound.AsllearnedScala,lfoundmyselfin
afairlyconstantbattlewiththelanguagesyntaxandinprogramdesign.
Traits easedthisburdensomewhat,butlfoundthetrade-offbetween
programmerflexibilityandcompile-timecheckingwanting.

Laterinthisbook,you’llseewhatapurelyfunctionalstrong,statictype
systemlookslikewithHaskell. Winttheburdenoftwoprogramming
paradigms,thetypesystembecomesmuchmorefluidandproductive,
providingbettersupportforpolymorphismandrequiringlessrigorfrom
programmersforsimilarbenefit.

Syntax

IdofindScala’ssyntaxtobealittleacademicandhardontheeyes.I
hesitatetoputthisinprintbecausesyntaxcanbesosubjective, but
someelementsarealittlebaffling. Sometimes, ScalakeepsJavacon-
ventions, suchasconstructors. Yadl use newREn ratherthan R
son.new. At other times, Scala introduces a new convention, as with
argumenttypes.InJava,you’duse setName(Stringname) versusScala’s
setName(name:String) .Returntypesshifttotheendofthemethoddec-
larationversusthebeginning,astheyarewithJava.Theselittlediffer-
ences keepmethinkingaboutsyntaxratherthancode. The problem
isthatmovingbackandforthbetweenScalaandJavawilltakemore
effortthanitshould.

Mutability

Whenyoubuild abridgelanguage, youmust factorin compromises.
OnesignificantcompromiseinScalaistheintroductionofmutability.
Wh \a ,ScalaopensPandora’sboxinsomeways,becausethemutable
stateallowsawidevarietyofconcurrencybugs.Butsuchcompromises
areunavoidableifyouwanttobringhomethespecialkidwholivedin
thehouseonthehill.

FinalThoughts

Allinall, myexperiencewithScalawasmixed.Thestatictypingthrew
me.Atthesametime,theJavadeveloperinmegreatlyappreciatesthe
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improvedconcurrencymodels, inferred typing,and XML. Scalarepre-
sentsasignificantjumpinthestateoftheart.

I'would use Scala to improve my productivity if  had a significant
investmentinJavaprogramsorprogrammers.I’dalsoconsiderScala
for an application that has significant scalability requirements that
would require concurrency. Commercially, this Frankenstein has a
goodshotbecauseitrepresentsabridgeandfullyembracesasignifi-
cantprogrammingcommunity.
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Doyouhearthat,Mr.Anderson?Thatisthesoundof
inevitability.
» AgentSmith

Chapter 6

FewlanguageshavethemystiqueofErlang,theconcurrencylanguage
thatmakeshardthingseasyandeasythingshard.Itsvirtualmachine,
called BEAM, isrivaled only by the Java virtual machine for robust
enterprisedeployment.Yaicouldcallitefficient,evenbrutallyso,but
Erlang’ssyntaxlacksthebeautyandsimplicityof,say,aRuby.Think
AgentSmithof TheMatrix .!

TheMatrix wasal999science-fictionclassicthatpaintedourcurrent
world asavirtualworld, created and maintained with computers, as
anillusion. Agent Smithwas an artificialintelligence programin the
matrixthathadanamazingabilitytotakeanyformandbendtherules
ofrealitytobeinmanyplacesatonce. Hewasunavoidable.

IntroducingErlang

The name is strange, but the acronym for Ericsson Language that
sharesanamewithaDanishmathematiciansomehowfits.AgnerKar-
up Erlang was a huge name in the math behind telephone network
analysis.

In 1986, Joe Armstrong developed the first version at Ericsson, con-
tinuing to develop and polish it through the last half of the decade.
Through the 1990s, it grew in fits and starts and gained still more
traction in the 2000s. Itis the language behind CouchDB and Sim-
pleDB,populardatabasesforcloud-basedcomputing.Erlangalsopow-
ersFacebook’schat.ThebuzzforErlangisgrowingsteadilybecauseit

1. TheMatrix .DVD. Directed by Andy Witivd{ Lana Watodi 1999; Burbank,
CA:WireHome\in2007.
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provideswhatmanyotherlanguagescan’t: scalable concurrency and
reliability.

Builttb}Concurrency

ErlangisaproductofyearsofresearchfromEricssontodevelopnear-
real-time fault-tolerant distributed applications for telecom applica-
tions. The systems often could not be taken down for maintenance,
andsoftwaredevelopmentwasprohibitivelyexpensive. Ericssonstud-
iedprogramminglanguagesthroughthe1980sandfoundthat,forone
reasonoranother,existinglanguageswereinadequatefortheirneeds.
These requirements eventually led to the development of an entirely
newlanguage.

Erlang is a functional language—one with many reliability features
cooked in. Erlang can support insanely reliable systems. Ya1 can't
takeaphoneswitchdownformaintenance,andyoudon’thavetotake
Erlangdowntoreplaceentiremodules. Someofitsapplicationshave
runforyearswithoutevercomingdownformaintenance.Butthekey
Erlangcapabilityisconcurrency.

Concurrencyexpertsdonotalwaysagreeonthebestapproaches.One
common debate is whether threads or processes lead to better con-
currency.Manythreadsmakeupaprocess.Processeshavetheirown
resources;threadshavetheirownexecutionpathbutshareresources
with other threads in the same process. Usually, a thread is lighter
weightthanaprocess,thoughimplementationsvary.

NoThreading

Manylanguages, likeJavaand C, takeathreadingapproachtocon-
currency. Threads take fewer resources, so theoretically, you should
beabletogetbetterperformancefromthem.Thedownsidetothreads
isthatsharedresourcescanleadtocomplex, buggyimplementations
and the need for locks that form bottlenecks. To coordinate control
betweentwoapplicationssharingresources,threadingsystemsrequire
semaphores, or operating systemlevellocks. Erlangtakesadifferent
approach.Ittriestomakeprocessesaslightweightaspossible.

LightweightProcesses

Ratherthanwadethroughthe quagmireofsharedresourcesandre-
sourcebottlenecks,Erlangembracesthephilosophyoflightweightpro-
cesses.Erlang’screatorsspentefforttosimplifythecreation, manage-
ment, and communication within applications with many processes.
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Distributedmessagepassingisabasiclanguage-levelconstruct,elimi-
natingtheneedforlockingandimprovingconcurrency.

Likelo,Armstrong’screationusesactorsforconcurrency,somessage
passingisacriticalconcept. Yol recognize Scala’smessagepassing
syntax,whichissimilartoErlang’smessagepassing.InScala,anactor
representsanobject,backedbyathreadpool.InErlang,anactorrep-
resentsalightweightprocess.Theactorreadsinboundmessagesfrom
aqueueandusespatternmatchingtodecidehowtoprocessit.

Reliability
Erlangdoeshavetraditionalerrorchecking,butinatraditionalappli-
cation,you’llseefarlesserrorhandlingthanyouwouldinatraditional
fault-tolerant application. The Erlang mantrais “Let it crash.” Since
Erlangmakesiteasytomonitorthedeathofaprocess,killingrelated
processesandstartingnewonesaretrivialexercises.

Yu canalsohot-swapcode, meaningyoucanreplace piecesofyour
applicationwithoutstoppingyourcode.Thiscapabilityallowsfarsim-
plermaintenancestrategies thansimilardistributed applications. Er-
langcombinestherobust“Letitcrash”errorstrategieswithhot-swap-
pingandlightweight processesthatyoucanstartwithminimalover-
head. It’s easy to see how some applications run foryears ata time
withoutdowntime.

So, theErlangconcurrencystoryiscompelling. Theimportant primi-
tives—messagepassing,spawningaprocess,monitoringaprocess—are
allthere. Theprocessesthatyouspawnarelightweight, soyoudon’t
havetoworryaboutconstrainedresourcesinthisarea.Thelanguage
isheavilyslantedtoremovesideeffectsandmutability,andmonitoring
thedeathofaprocessissimple,eventrivial. Thecombinedpackageis
compelling.

InterviewwithDr.JoeArmstrong

Throughwritingthisbook,I'vehadthechancetomeetsomeofthepeo-
plewholrespectthemost,atleast,throughemail. Dr.JoeArmstrong,
creatorofErlangandauthorof = ProgrammingErlang:SoftwareforaCon-
currentWdl | l.ishighonthatlistforme.Ifinallygottohave
several conversationswith Erlang’sfirstimplementor, whohailsfrom
Stockholm,Sweden.
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Bruce: WhydidyouwriteErlang?

Dr. Armstrong: Byaccident.Ildidn’tsetouttoinventanewprogram-
minglanguage.Atthetimewewantedtofindabetterwayofwritingthe
controlsoftwareforatelephoneexchange.Istartedfiddlingaroundwith
Prolog. Prologwas fantasticbutdidn’tdoexactly whatIwanted. So, I
started messing around with Prolog. I thought, “Iwonder what would
happen if I changed the way Prolog does things?” So, I wrote a Pro-
log meta-interpreter that added parallel processes to Prolog, and then
Iadded error handling mechanisms, and soon. Afterawhile, this set
ofchangestoPrologacquiredaname, Erlang,andanewlanguagewas
born.Thenmorepeoplejoinedtheproject,thelanguagegrew,wefigured
outhowtocompileit,weaddedmorestuffandgotsomemoreusers,and

Bruce: Whatdoyoulikeaboutitthemost?

Dr. Armstrong: Theerrorhandlingandon-the-flycodeupgrademech-
anisms andthebit-level patternmatching. Error handlingisoneofthe
leastunderstoodpartsofthelanguageandthepartwhereitmostdiffers
Jromotherlanguages. Thewholenotionof “nondefensive” programming
and “LetItCrash,”whichisthemantraofErlangprogramming, iscom-
pletelytheoppositeofconventionalpractice, butitleadstoeljshort
andbeautifulprograms.

Bruce: Whatisafeatureyoumostwouldwanttochange,ifyoucould
doitalloveragain?(Alternatively,youcouldanswer,whatarethegreat-
estlimitationsofErlang?)

Dr. Armstrong: Thisisadifficultquestion;I'dprobablygivedifferent
answersondifferentdaysoftheweek.Itwouldbenicetoaddmobilityto
thelanguagesowecouldsendcomputationsovertheNet.Wecandothis
inlibrarycode,butit’snotsupportedinthelanguage.Rightnowlthinkit
wouldberdjnicetogobacktotherootsofErlangandaddProlog-like
predicatelogictothelanguage, akindofnewmixtureofpredicatelogic
plusmessagepassing.

Thenthere are a number of small changes that are desirable, adding

hashmaps, higher-ordermodules,andsoon.

Iflweretodoitalloveragain, I'd probably give alot morethoughtto
how we fitthings together, such as how we run big projects with lots
of code—how we manage versions of code, how we find things, how
thingsevolve. Whenlotsofcodehasbeenuwritten, theprogrammer’sjob
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changesfromuwritingfreshcodetofindingandintegratingexistingcode,
sofindingthingsandfittingthingstogetherbecomesincreasinglyimpor-
tant.ItwouldbenicetointegrateideasfromthingslikeGITandMercurial
andtypesystemsintothelanguageitselfsothatwecouldunderstand
howcodeevolvesinacontrolledmanner.

Bruce: What'sthemostsurprisingplaceyou’veeverseenErlangused
inproduction?

Dr. Armstrong: Wwasn'tactuallysurprisedsincelknewthiswas
goingtohappen.WhenlupgradedmyversionofUbuntutoKarmicKoala,
Ifoundaratherwell-hiddenErlangtickingawayinthebackground.This
wastosupportCouchDB, whichwas alsorunningliveonmymachine.
ThiskindofsnealkedinErlangundertheradarto10millionmachines.

In this chapter, we're going to cover some Erlang basics. Then, we’ll
putErlang through its paces as afunctional language. Finally, we’ll
spend sometimewith concurrencyand some coolreliability features.
Ysfriends,reliabilitycanbecool.

6.2 Dayl:AppearingHuman

AgentSmithisasaprogram thatkills other programs, or simulated
people, that disrupt the simulated reality known as the Matrix. The
most basic trait that makes him dangerous is his ability to appear
human.Inthissection, we'regoingtolookatErlang’sabilitytobuild
general-purposeapplications.'mgoingtotrymybesttogiveyou‘“nor-
mal.”It’snotgoingtobeeasy.

Ifyoustartedthisbookasapureobject-orientedprogrammer,youmay
strugglealittlebit, butdon’tfightit. Yae alreadyseencodeblocks
inRuby,actorsinlo, patternmatchinginProlog,anddistributedmes-
sagepassinginScala.ThesearefoundationalprinciplesinErlang.This
chapterwillstartwithanotherimportantconcept.Erlangisthefirstof
ourfunctionallanguages.(Scalaisahybridfunctional /object-oriented
language.)Toyou,thatmeansthefollowing:

*Yarprogramsaregoingtobebuiltentirelyoutoffunctions,with
noobjectsanywhere.

* Those functions will usually return the same values, given the
sameinputs.
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* Thosefunctionswillnotusuallyhaveside effects, meaningthey
willnotmodifyprogramstate.

* Yuwillonlybeabletoassignanyvariableonce.

Livingby thefirstruleismildly challenging. Livingby the next three
canknockyoudown,atleastforalittlewhile. Knowthatyoucanlearn
tocodethisway,andtheresultwillbeprogramsthatarebuiltfromthe
insideoutforconcurrency. Whenyouremovemutablestatefromthe
equation,concurrencygetsdramaticallysimpler.

Ifyoupaidcloseattention,youcaughttheword usually inthesecond
andthirdrules.Erlangisnotapurefunctionallanguage;itdoesallow
afewexceptions. Haskellistheonly purefunctionallanguagein this
book.Butyouwillgetastrongflavoroffunctional-styleprogramming,
andyouwillcodetotheserulesmoreoftenthannot.

GettingStarted
I'm working with Erlang version R13B02, but the basic stuffin this
chapter should work OKon anyreasonable version. Yal gettothe

Erlangshellbytyping erl (wd¢ onsomeWnwssystems)atthecom-
mandline,likethis:

batateS$erl
Erlang(BEAM)emulatorversion5.4.13[source]

Eshe11V5.4.13 (abortwithAG)
1>

W domost of our work there, early on, as with other chapters.

Like Java, Erlang is a compiled language. Yl compile a file with
c(flename). (youneedtheperiodattheend).Yaicanbreakoutofthe
console,oraloop,withControl+C.Let’sgetstarted.

Comments,V ariables, andExpressions

Let’'sgetsomeofthebasicsyntaxoutoftheway.Crackopenthecon-
sole,andtypethefollowing:

1>%Thisisacomment
Thatwassimpleenough. Commentsstartwitha % andeateverything
untiltheendofaline.Erlangparsesacommentasasinglespace.

1>2+2.

4
2>2+2.0.
4.0
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3>"string".

"string"

Eachstatementendsinaperiod. Thesearesomeofthebasictypes:
strings,integers,andfloats.Now,foralist:

4>[1,2,3].
[1,2,3]

Aswith the Prolog family of languages, lists are in square brackets.
Here’salittlesurprise:

4>[72,97,32,72,97,32,72,97].
""HaHaHa"

So,a String isreallya List,andAgentSmithjustlaughedatyourmamma.
Oh,thosesocialskills. 2+2.0 tellsusthatErlangdoessomebasictype
coercion.Let’strytobreakalineofcodewithabadtype:

5>4+"string".
%% exceptionerror:badargumentinanarithmeticexpression
inoperator +/2

calledas4+"string"

UnlikeScala,there’snocoercionbetweenstringsandints.Let’'sassign
avariable:

6>variable=4.
%% exceptionerror:nomatchofrighthandsidevalue4

Ah.Here,youseetheuglysideofthecomparisonbetweenagentsand
Erlang.Sometimes,thispeskylanguagehasmorebrainthansoul.This
error message isreally areference to Erlang’s pattern matching. It’s
breaking because \di& is an atom. \adis must start with an
uppercaseletter.

7>Var=1.

1
8>Var=2.

=ERRORREPORT====8-Jan-2010::11:47:46===
Errorinprocess<0.39.0>withexitvalue: {{badmatch,2}, [{erl_eval,expr,3}]1}

#% exited: {{badmatch,2},[{er1_eval,expr,3}]1}
8>Var.
1

As you can see, variables begin with a capital letter, and they are
immutable.Ym canassigneachvalue onlyonce. This conceptgives
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mostfirst-timeprogrammerstroublewithinafunctionallanguage.Let’s
introducesomedatatypeswithmorecomplexity.

Atoms,Lists,andTpes

Infunctionallanguages,symbolsbecomemoreimportant.Theyarethe
most primitivedataelementand canrepresentanythingyouwantto
name. Yole encountered symbolsineachoftheotherprogramming
languagesinthisbook.InErlang,asymboliscalledan atom andbegins
withalowercasecharacter.Theyareatomicvaluesthatyoucanuseto
representsomething. Yilusethemlikethis:

9>red.

red

10>Pil11=blue.

blue

11>Pi11.
blue

red and blue areatoms—arbitrarynamesthatwecanusetosymbolize
real-world things. W firstreturn a simple atom called red. Next, we
assigntheatomecalled blue tothevariablecalled Pil. Atomsgetmore
interesting as you attach them to more robust data structures that
we’llseealittlelater. Fornow,let’sbuild ontheprimitivesbylooking
atthelist.Yalrepresentlistswithsquarebrackets:

13>[1,2,3].

[1,2,3]

14>[1,2,"three"].

[1,2,"three"]

15>List=[1,2,3].

[1,2,3]

So, thelistsyntaxisfamiliar. Listsareheterogeneousandcanbeany
length . Yaicanassignthemtovariables,justasyouwouldaprimitive.
Tuplesarefixed-lengthheterogeneouslists:

18>{one, two, three}.

{one, two,three}

19>0rigin={0,0}.

{0,0}

Therearenosurpriseshere. Yu cansee the strong Prologinfluence
here.Later,whenwecoverpatternmatching,youwillnoticethatwhen
youmatchatuple, thesizewillmatter. Yaaican’tmatchathree-tuple
toatwo-tuple. Whenyoumatchalist, thelengthcanvary,justasit
didinProlog.
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InRuby,youusehashmapstoassociatenameswithvalues.InErlang,
you'lloftenseetuplesusedasyouwouldusemapsorhashes:

20>{name, "SpacemanSpiff"}.

{name, "SpacemanSpiff"}

21>{comic_strip, {name, "CalvinandHobbes"}, {character,'"SpacemanSpiff"}}.

{comic_strip, {name,"CalvinandHobbes"},
{character, "SpacemanSpiff"}}

We  representedahashforacomicstrip.Vié useatomsforthehash
keysandusestrings forthevalues. Ya1 canmixlistsand tuplesas
well, suchasalistofcomics, represented by tuples. So, howdoyou
accesstheindividualelements?IfPrologisfreshinyourmind,you're
alreadythinkingintherightdirection. ¥iusepatternmatching.

REnMatching

IfyouworkedthroughthePrologchapter, yougotaprettysolidfoun-
dation of patternmatching. Iwantto pointout one majordifference.

In Prolog, when you defined a rule, you matched all the values in
thedatabase,andPrologworkedthroughallthecombinations.Erlang
workslike Scala. Amatch willwork againstasinglevalue. Let’suse
pattern matching to extract the values from a tuple. Say we have a
person:
24>Person={person, {name, "AgentSmith"}, {profession,"Killingprograms"}}.

{person, {name, "AgentSmith"},
{profession,"Killingprograms"}}

Let’s say we want to assign the nome to Name,andthe profession to
Profession. Thismatchwoulddothetrick:
25>{person, {name,Name}, {profession,Profession}}=Person.
{person, {name, "AgentSmith"},
{profession,"Killingprograms"}}
26>Name.
"AgentSmith"
27>Profession.
"KiTTingprograms"

Erlang willmatch up the data structures, assigning variables to the
valuesinthetuples. Anatomwillmatchitself, sotheonlyworktobe
doneistomatchthevariable Name to "AgentSmith" and thevariable
Profession to 'Kilingprograms" . This feature works much like it does in
Prologandwillbethefundamentaldecision-makingconstructthatyou

use.
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IfyouareusedtoRubyorJava-stylehashes,itmayseemstrangeto

have theinitialatomof  person. In Erlang, you'll often have multiple
matchingstatementsandmultiplekindsoftuples. Bydesigningyour
datastructuresthisway,youcanquicklymatchallperson tuples,leav-
ingtheothersbehind.

ListpatternmatchingissimilartoProlog’s:

28>[Head|Taill=[1,2,3].
[1,2,3]

29>Head.

1

30>Tail.

[2,3]

Easyasone,two,three. Yaricanbindtomorethanonevariableatthe
headofalist,too:

32>[0One,Two|Rest]=[1,2,3].

[1,2,3]

33>0ne.

1

34>Two.

2

35>Rest.

[31]

Iftherearenotenoughelementsinthelist,thepatternwon’tmatch:
36>[X|Rest]=[].

#% exceptionerror:nomatchofrighthandsidevalue[]
Now,someoftheothererrormessagesmakealittlemoresense.Let’s
sayyouforgettostartyourvariableswithanuppercaseletter.Yalget
thiserrormessage:

31>one=1.
%% exceptionerror:nomatchofrighthandsidevaluel

Asyou'veseenbefore,the = statementisnotasimpleassignment.Itis
actuallyapatternmatch. oeaskingErlangtomatchtheinteger 1
withtheatom one,anditcan’t.

BitMatching

Sometimes,youneedtoaccessdataatthebitlevel.lfyou’recramming
moredataintolessspaceordealingwith predefinedformatssuchas
JPEGsorMPEGs,thelocationofeachbitmatters.Erlangletsyoupack
severalpiecesofdataintoonebytequiteeasily. Todothesetwothings,
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youneedtwooperations:packandunpack.InErlang,abitmapworks
justlikeothertypesofcollections.Topackadatastructure,you’lljust
tellErlanghowmanybitstotakeforeachitem,likethis:

1>W=1.

1

2>X=2.

2

3>

3>Y=3.

3

4>7=4.

4

5>AT1=<<W:3,X:3,Y:5,Z:5>>.

<<"(d">>

The << and >> bracketbinarypatternsinthisconstructor.Inthiscase,
itmeanstake3bitsforthevariable W,3bitsfor X,bbitsfor Y,andb
bitsfor Z.Next,weneedtobeabletounpack.Yaicanprobablyguess
thesyntax:

6><<A:3,B:3,C:5,D:5>>=A11.

<<"(d">>

7>A

7>.

1

8>D.
4

Justliketuplesandlists,wejustsupplythesamesyntaxandletpat-
ternmatchingdotherest.Whthesebitwiseoperations,Erlangissur-
prisinglypowerfulforlow-leveltasks.

We  coveringalotofground pretty quickly, becauseyou've already
beenintroducedtoallthemajorconceptsinthechapter. Believeitor
not, we'realmostthrough thefirstdayofthe Erlangchapter, butwe
firstneedtointroducethemostimportantconcept,thefunction.

Functions

UnlikeScala,Erlangisdynamicallytyped. Yuwon’'thavetoworrytoo
muchaboutassigningtypestodataelements.LikeRuby,Erlangtyping
isdynamic.Erlangwillbindtypesatruntime,basedonsyntacticclues
suchasquotesordecimalpoints.Atthispoint,I'mgoingtocrackopen
afreshcopyoftheconsole.Letmeintroduceafewterms.Yaegoing
towritefunctionsinafilewithan .erl extension.Thefilecontainscode
foramodule,andyouhavetocompileittorunit.Afteryou’'vecompiled
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afile,itproducesa .beam executable.The .beam compiledmodulewill
runinavirtualmachinecalledthe beam.

Whthehousekeeping outoftheway, it’stimetocreate somebasic
functions.

I'mgoingtoenterafilethatlookslikethis:
Download erlang/basic.erl

-module(basic).
-export([mirror/1]).

mirror(Anything)->Anything.

Thefirstlinedefinesthenameofthemodule. Thesecondlinedefines
afunctionthatyouwanttouseoutside ofthemodule. The function
iscalled mirror,andthe /1 meansithasone parameter. Finally, you
gettothefunctionitself. Y canseetheinfluenceoftheProlog-style

rule. The function definition names the function and determines the
arguments. Afterward, youhavethe  -> symbol, which simplyreturns
thefirstargument.

Wh a function definition complete, I'll fire up the console from the
samedirectorythathasthecodefile.Icanthencompileitlikethis:

4>c(basic).
{ok,basic}

W compiled basic.erl,andyouwillfinda basic.beam fileinthe same
directory.Yaicanrunitlikethis:

S5>mirror(smiling_mug).

#% exceptionerror:undefinedshellcommandmirror/1
6>basic:mirror(smiling_mug).

smiling_mug

6>basic:mirror(l).

1

Noticethatitisnotenoughtohavethefunctionnamealone.Ynalso

needtoincludethemodulename,followedbyacolon.Thisfunctionis
deadsimple.

Noticeonething. W  wereabletobind Anything totwodifferenttypes.
Erlang is dynamically typed, and to me, it feels good. After Scala’s
strongtyping, 'mcominghomefromaweekendinSiberia,oratleast
Peoria.

Let’slookatafunctionthat’sslightlymorecomplicated. Thisonede-
finesseveralmatchingalternatives.
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Yaicancreatea nddigtrdre filelikethis:

Download erlang/matching_function.erl

-module(matching_function).

-export([number/1]).
number (one) ->1;
number (two) ->2;

number(three)->3.

Andyoucanexecuteitlikethis:

8>c(matching_function).

{ok,matching_function}

9>matching_function:number (one).

1

10>matching_function:number (two) .

2

11>matching_function:number(three).

3

12>matching_function:number(four).

%% exceptionerror:nofunctionclausematchingmatching_function:number(four)

ThisisthefirstfunctionI'veintroduced with multiple matching pos-
sibilities. Each possible match hasthe functionname, the argument

tomatch, and the codeto execute after the -> symbol. Ineachcase,
Erlangjustreturnsaninteger.Terminatethelaststatementwith . and
allotherswith

Justaswithlo, Scala, and Prolog, recursionwill playabigrole. Like
Prolog, Erlang is optimized for tail recursion. Here is the obligatory
factorial:

Download erlang/yet_again.erl

-module(yet_again).
-export([another_factorial/1]).
-export([another_fib/1]).

another_factorial(0)->1;
another_factorial(N)->N +* another_factorial(N-1).

another_fib(0)->1;
another_fib(1)->1;
another_fib(N)->another_fib(N-1)+another_fib(N-2).

So, it’sanother factorial, and it’s defined recursively justlike all the
others.Whilelwasatit,ImayaswellincludeaFibonacciseries,too.
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Letmetrytomakeitworthyourwhilethistime:

18>c(yet_again).

{ok,yet_again}

19>yet_again:another_factorial (3).

6

20>yet_again:another_factorial (20).

2432902008176640000

21>yet_again:another_factorial (200).
788657867364790503552363213932185062295135977687173263294742533244359
449963403342920304284011984623904177212138919638830257642790242637105
061926624952829931113462857270763317237396988943922445621451664240254
033291864131227428294853277524242407573903240321257405579568660226031
904170324062351700858796178922222789623703897374720000000000000000000
000000000000000000000000000000

22>yet_again:another_factorial (2000).
3316275092450633241175393380576324038281117208105780394571935437060380
7790560082240027323085973259225540235294122583410925808481741529379613
1386633526343688905634058556163940605117252571870647856393544045405243
9574670376741087229704346841583437524315808775336451274879954368592474
...andonandon. ..
0000000000000000000000000000000000000000000000000000000000000000000000

Ooooh-kaaay.Thatwascertainlydifferent. Now,you'restartingtosee
the butt-kicking side of the Agent Smith/Erlang comparison. If you
didn’ttakethetimetorunit,letmeassureyou,theresultsareabso-
lutelyinstantaneous.Idon’tknowwhatthemaximumintegersizeis,
butI'mgoingtogooutonalimbandsayit’sbigenoughforme.

That'sapretty good starting point. Yae created some simplefunc-
tionsandseenthemwork.It’sagoodtimetowrapupday1.

WhatWelearnedinDay 1

Erlangisafunctionallanguage.ltisstrongly,dynamicallytyped.There
isnotalotof syntax, butwhatisthereis notatalllike the typical
object-orientedlanguages.

LikeProlog, Erlanghasnonotion ofanobject. However, Erlangdoes
haveastrong connectiontoProlog. The patternmatching constructs
and multiple function entry points should look familiar to you, and
youhandle some problems in the same way, throughrecursion. The
functionallanguagehasnonotionofmutablestateorevensideeffects.
Maintaining program stateisawkward, butyouwilllearnanewbag

oftricks. Yol soonseetheothersideofthecoin. Eliminating state
andsideeffectswillhaveadramaticimpactonhowyouwillmanage
concurrency.
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Inthefirstday,youworkedbothintheconsoleandwiththecompiler.
Primarily, you focused on the basics. Yu created basic expressions.
Yu alsocreatedsimplefunctions. Like Prolog, Erlangletsafunction
havemultipleentrypoints.Yatusedbasicpatternmatching.

Yu alsousedbasictuples and lists. Tuples took the place of Ruby
hashes and formed the foundation of data structures. Ya learned
to pattern match acrosslists and tuples. These ideas will allow you
toquicklyattachbehaviortotuplesorinterprocessmessagesinlater
chapters.

Inday2,I'mgoingtoexpandthebasicfunctionalconcepts. W learn
howtobuild codethatwillworkinaconcurrentworld, butwewon’t
actuallygothereyet.Take alittletimetodosomeself-studytopractice
whatyou'velearnedsofar.

Day 1Self-Study

The online community for Erlangis growing rapidly. A conference in
San Francisco is picking up momentum. And unlike Io and C, you
shouldbeabletouseGoogletofindwhatyouneed.

Find:
* TheErlanglanguage’sofficialsite
¢ OfficialdocumentationforErlang’sfunctionlibrary
* ThedocumentationforErlang’sOTPlibrary

Do:

*WE a function that uses recursion to return the number of
wordsinastring.

e Weafunctionthatusesrecursiontocounttoten.

e Weafunctionthatusesmatchingtoselectivelyprint“success”
or“error:message”giveninputoftheform {error,Message} or suc-
cess.

6.3 Day2:ChangingForms

Inthissection,you'regoingtobegintoappreciateAgentSmith’spower.
Theagentsin TheMatrix havesuper-humanstrength.Theycandodge
bullets and punch through concrete. Functional languages are ata
higherlevelofabstractionthanobject-orientedlanguages.Thoughthey
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aremoredifficulttounderstand,youcanexpressbiggerideaswithless
code.

AgentSmithcanalsotaketheformofanyotherpersoninthematrix.
That’sanimportant capabilityinafunctionallanguage. Yok going
tolearntoapplyfunctionstoliststhatcanquicklyshapethelistinto
exactlywhatyouneed. Doyouwanttoturnashoppinglistintoalist

of prices? What about turning a list of URLs into tuples containing
contentand URLs?Thesearetheproblemsthatfunctionallanguages
simplydevour.

ControlStructures

Let’sstartwith afewmundane pieces of Erlang: basic control struc-

tures. Yiinoticethatthissectionofthebookismuchshorterthan
Scala’s.Often,you’llseeprogramswithplentyof case statements,be-
causetheywillinterpretwhichmessagetoprocesswhenyou'rewriting
concurrentapplications. ifsarelessprevalent.

Case

Let’sstartwithacase.Mostofthetime,youthinkofapatternmatchin
thecontextoffunctioninvocation. Thinkofthiscontrolstructureasa
patternmatchthatyoucanuseanywhere.Forexample,sayyouhavea
variablecalled Animal.Yuwanttoconditionallyexecutethecodebased
onthevalue:

1>Animal="dog".

2>caseAnimalof

2> "dog"->underdog;

2> "cat"->thundercat

2>end.
underdog

So,inthisexample, thestringmatchedthefirstclauseandreturned
theatom underdog.AswithProlog,youcanusetheunderscore(_)to
matchanything,likethis(note:  Animal isstill "dog"):

3>caseAnimalof

3> "elephant'"->dumbo;
3> _->something_else
3>end.

something_else

Theanimalwasnot ‘"elephant’,soitmatchedthelastclause.Yu can
alsouseunderscoresinanyother Erlangmatch.'dliketopointout
abasicsyntacticwarthere. Notice thatall case clausesbutthelast

endinasemicolon. Thatmeansifyouwanttoedityourstatementto
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reorderyourclauses,youmustadjustthesyntaxaccordingly, though
itwouldhavebeenprettyeasytoallowanoptionalsemicolonafterthe
lastclause.Sure,thesyntaxislogical:thesemicolonisaseparatorfor
the caose clauses.It’sjustnotveryconvenient.AgentSmithjustkicked
sandallovermykid nephew, andIthinkIheardhimlaugh. Hehas
tobrushuponthosepublicrelationsifhewantstowin Agentofthe
Month.Let’smoveontothebasic if.

If

The caose statementusespatternmatching,andthe if statementuses
guards.InErlang, aguardisaconditionthatmustbesatisfiedfora
match tosucceed. Later, we'llintroduce guards on pattern matches,
butthemostbasicformofaguardisinan if statement.Yaistartwith
the if keywordandthenfollowitwithseveral guard->expression clauses.
Here’stheidea:
if

ProgramsTerminated>0->

success;
ProgramsTerminated<0->

error
end.

Whathappensifthereisnomatch?

8>X=0.
0
9>if
9>  X>0->positive;
9>  X<0->negative
9>end.
% exceptionerror:notruebranchfoundwhenevaluatinganifexpression

Unlike Ruby orlo, one of the statements mustbe true, because if is
afunction. Eachcasemustreturnavalue.Ifyoutrulywantanelse,
makethelastguard frue,likethis:

9>if

9>  X>0->positive;

9> X<0->negative;

9> true ->zero
9>end.

That’sreally it for control structures. Yae goingto getmuchmore
outothigher-orderfunctionsandpatternmatchingtoaccomplishyour
goals,solet’sleavethesecontrolstatementsbehindanddiveindeeper

into functional programming. We going to work with higher-order
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functions and use them to processlists. W learn tosolve progres-
sivelymorecomplexproblemswithfunctions.

AnonymousFunctions

Asyourecall, higher-order functions either return functions or take
functionsasarguments.Rubyusedcodeblocksforhigher-orderfunc-
tions,withspecialattentiontopassingcodeblockstoiterateoverlists.
In Erlang, you can assign arbitrary functions to variables and pass
themaroundlikeanyotherdatatypes.

Yreseensomeoftheseconceptsbefore,butwe'regoingtolaysome
ofthefoundationsinErlangandthenbuildsomehigher-levelabstrac-
tions.Itallstartswithanonymousfunctions. Here’showyou’dassign
afunctiontoavariable:

16>Negate=fun(I)->-Iend.
#Fun<erl_eval.6.13229925>

17>Negate(l).

-1

18>Negate(-1).

1

Linel6usesanewkeywordcalled fun. Thatkeyworddefinesananony-
mousfunction.Inthiscase,thefunctiontakesasingleargumentcalled

| andreturnsthenegation, -.W assignthatanonymousfunctionto

Negate.Tobeclear, Negate isnotthevaluereturnedbythefunction.It
actually is thefunction.

Twosignificantideasarehappeninghere.First,we'reassigningafunc-
tiontoavariable.Thisconceptallowsustopassaroundbehaviorsjust
aswewouldanyotherdata. Second, wecaneasilyinvoketheunder -
lyingfunction,justbyspecifyinganargumentlist. Noticethedynamic
typing.W don’thavetoconcernourselveswiththereturntypeofthe
function, sowe'reprotectedfromsomeoftheinvasivesyntaxyousee
with,say,Scala.Thedownsideisthatthesefunctionscanfail.I'llshow
yousomeofthewaysErlangletsyoucompensateforthatlimitation.

Let’susesomeofthisnewfoundpower. W useanonymousfunctions
tohandlethe each, mp ,and inject conceptsthatyouinitiallyencoun-
teredwithRuby.

ListsandHigher-OrderFunctions

Asyou'veseen, lists and tuples are the heart and soul of functional
programming.It’snoaccidentthatthefirstfunctionallanguagestarted
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withlists,andeverythingbuiltonthatfoundation.Inthissection,you’ll
starttoapplyhigher-orderfunctionstolists.

ApplyingFunctionstolLists
Bynow,theideashouldbeprettycleartoyou.We goingtousefunc-
tionstohelpusmanagelists.Some,like ForEach,williterateoverlists.

Others,like filter or mp ,willreturnlists,eitherfilteredormappedonto
otherfunctions.Stillmore,like i or fit ,willprocesslists,rollingup
resultsalongtheway ,likeRuby’s inject orScala’s FoldLeft.Openafresh
console,definealistortwo,andgetcracking.

First,we’llhandlebasiciteration.The lists:foreach methodtakesafunc-
tionandalist.Thefunctioncanbeanonymous,likethis:
1>Numbers=[1,2,3,4].

[1,2,3,4]

2>T1ists: foreach(fun(Number)->io: format("'~p~n", [Number])end,Numbers) .

1

2

3

4

ok

Thesyntaxofline2isalittletricky,sowe’llwalkthroughit.Wéstartby
invokingafunctioncalled lists:foreach.Thefirstargumentistheanony-
mousfunction fun(Number)->io:format("~p~n", [Number])end .Thatfunc-
tionhasoneargumentand prints thevalue ofwhateveryou passin
withthe io:format function.? Finally,thesecondargumentto @exh  is
Numbers,thelistwedefinedonlinel. W couldsimplifythisbydefining
thefunctioninaseparateline:

3>Print=fun(X)->1io0: format("~p~n",[X])end.

Now, Print isboundtothe io:format function.We cansimplifythecode
likethis:

8>11ists: foreach(Print,Numbers).
1

2

3

4

ok

That'sbasiciteration.Let’smoveontoafunctionthatmaps.Themap
function works like Ruby’s  collect, passing each value of alisttoa

2. ~p prettyprintsanargument, ~n isanewline,and [Number] isalistofargumentsto
print.

Reporterratum

opyis (P1.0printing.October2010)


http://books.pragprog.com/titles/btlang/errata/add?pdf_page=199

DAY 2: CHANGING FOrRMS <« 200

functionandbuildingalistwith theresults. Like lists:foreach, lists:map
takes afunction and alist. Let’'s use mp  with ourlist of numbers,
increasingeachvaluebyone:

10>11ists:map(fun(X) ->X+1end,Numbers) .

[2,3,4,5]

Thatwaseasy. Thistime, ouranonymousfunctionwas fun(X)->X+1
end.Itincreased eachvaluebyone,and lists:map builtalistwiththe
results.

Definingmapisreallyeasy:

map(F, [H|T])->[F(H) [map(F,T)];

map (F, [1) ->[1.

Simpleenough.Themapof F overalistis F(head) plus ngEtail) W
lookatamoreconciseversionwhenwelookatlistcomprehensions.

Movingon,wecanfilterlistswithaboolean.Let’sdefineananonymous
functionandassignitto  Small:

11>Smal1=fun(X)->X<3end.

#Fun<erl_eval.6.13229925>

12>Small1(4).

false

13>Small1(l).
true

Now,wecantakethatfunctionanduseittofilterthelist. Thefunction
lists:filter willbuildalistofalltheelementsthatsatisfy Small orthoseless
thanthree:

14>T4ists:filter(Small,Numbers).
[1,2]

Yu canseethatErlangis makingitvery easy to codein thisway.
Alternatively,wecanusethe  Small functiontotestlistswith  all and any.
lists:all returns frue onlyifalltheitemsinalistsatisfythefilter,likethis:
15>Tists:all1(Small, [0,1,2]).

true

16>1ists:al1(Small1,[0,1,2,3]).
false

Alternatively, lists:any returnstrueifanyoftheitemsinthelistsatisfies
thefilter:

17>11ists:any(Small,[0,1,2,3]).
true
18>Tists:any(Small,[3,4,5]1).
false
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Let’'sseewhathappenswithemptylists:

19>Tists:any(Small,[]1).
false
20>Tists:al1(Small,[]).
true

Asyou’dexpect, all returnstrue(meaningalloftheitems presentin
thelistsatisfythefilter,thoughtherearenoitemsinthelist),and any
returnsfalse(meaningnoelementintheemptylistsatisfiesthefilter).
Inthesecases,itdoesn’tmatterwhatthefilteris.

Y canalsomakealistofalltheelementsattheheadofalistthat
matchafilterordiscardalltheitemsatthefrontofalistthatsatisfy
thefilter:

22>11ists:takewhile(Small,Numbers).

[1,2]

23>Tists:dropwhile(Small,Numbers).

[3,4]

24>11ists:takewhile(Small,[1,2,1,4,1]).

[1,2,1]

25>1ists:dropwhile(Small,[1,2,1,4,1]).

[4,1]

Thesetestsareusefultodothingssuchasprocessordiscardheaders
ofmessages.Let’sfinishthiswhirlwindwith 1 and fo

Irealizethatyou'veseentheseconceptsbefore.lfyou’reNeoandyou've
masteredthispartofthematrix,readthebasicexampleandfighton.
Forsome, @ takesalittlewhiletomaster,soI'mgoingtoteachita
fewdifferentways.

Remember, these functions are useful for rolling up the results ofa
functionacrossalist.Oneoftheargumentsservesasanaccumulator,
andtheotherrepresentseachitem. lists:foldl takesafunction,theinitial
valueoftheaccumulator,andthelist:

28>Numbers.

[1,2,3,4]

29>T1ists: foldl (fun(X,Sum)->X+Sumend, 0,Numbers) .
10

Tosimplifyalittlebit,let’sbreakthatanonymousfunctionintoavari-
ableandmakeourintentionsclearwithbettervariablenames:

32>Adder=fun(ListItem,SumSoFar)->ListItem+SumSoFarend.
#Fun<erl_eval.12.113037538>
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33>InitialSum=0.

0

34>T1ists: foldl (Adder,InitialSum,Numbers) .
10

Ah,that’'sbetter.So,wearegoingtokeeparunningsum. We going
topassthe SumSoFar andeachnumberfrom Numbers intoafunction
called Adder,oneatatime.Eachtime,thesumwillgetbigger,andthe

lists:foldl functionwillremembertherunningtotalandpassitbackinto
Adder.Ultimately,thefunctionwillreturnthelastrunningsum.

Sofar,allyou’veseenarefunctionsthatworkonexistinglists.Ihaven’t
shownyouhowtobuildalistapieceatatime.Let’sshiftgearstoward
listbuilding.

AdvancedListConcepts

AllofthelistconceptsI'veintroducedareextensionsoftheideasyou’ve
seenintheotherlanguages.Butwecangetalittlemoresophisticated.
W haven’tyettalkedaboutbuildinglists,andwe’veonlyused pretty
basicabstractionswithsimplecodeblocks.

ListConstruction

On the surface, it may seem difficult to build lists without mutable

state. WhRubyorlo,youwouldcontinuallyadditemstoalist.There’s
anotherway.Yacanreturnanewlistwiththelistitemadded.Often,
you'lladditemstoalistheadfirst. Yiiusethe [H|T] constructbutin
therightsideofamatchinstead.Thisprogramusesthelistconstruc-
tiontechniquetodoubleeachitemofalist:

Download erlang/double.erl

-module(doubTe).
-export([doubTle_all1/1]).

double_al1([1)->[1;
double_all([First|Rest])->[First+First|double_all(Rest)].

Themoduleexportsonefunction, called double_all. Thatfunctionhas

two distinct clauses. The first says that double_all for an empty list
returnsanemptylist.Thisrulestopstherecursion.

The secondruleusesthe  [H|T] construct, butin the predicate of the
matchaswellasthefunctiondefinition.Ysealreadyseensomething

like [First|Rest] ontheleftsideofamatch.Itletsyoubreakalistintothe
firstelementandtherestofthelist.
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Usingitontherightsidedoeslistconstructioninsteadofdestruction.
Inthiscase, [First+First |double_all(Rest)] meansbuildalistwith  First+First
asthefirstelementand  double_all(Rest) astherestofthelist.

Yaucancompileandruntheprogramasusual:

8>c(double).

{ok,double}
9>double:double_all([1,2,3]).
[2,4,6]

Let’'stakeanotherlookatlistconstructionwith | fromtheconsole:

14>[1|[2,31]1.
[1,2,3]
15-[[2,3]]1].
[[2,3]]1]
16>[[1][2,311.
[f1,2,3]
17>[1|[1].

[1]

Thereshouldbenosurprisesinthere. Thesecondargumentmustbea
list. Whateverisontheleftsidewillbeaddedasthefirstelementofa

newlist.

Let’'slook atamore advanced Erlang concept, called listcomprehen-
sions.Theycombinesomeoftheconceptswehavebeentalkingabout

sofar.

ListComprehensions

Oneofthemostimportantfunctionsinjustaboutanyfunctionallan-
guageis mp .Whit, yourlistscanmutate,justlike TheMatrix ene-
mies.Sincethefeatureissoimportant,Erlangprovidesamorepower -
fulformthatisconciseandallowsyoutodomultipletransformations
atonce.

Let’s start things off with a fresh console. W do a map the old-
fashionedway:

1>Fibs=[1,1,2,3,5].

1,1,2,3,5]

2>Double=fun(X)->X % 2end.

#Fun<erl_eval.6.13229925>

3>Tists:map(Double,Fibs).
[2,2,4,6,10]

V¢ havealistolhumberscalled Fibs andananonymousfunctioncalled
Double thatwilldoublewhateveryoupassin.Then,wecalled lists:map
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tocall Double oneachelementandbuildalistoutoftheresult.That’s
agreattool, butit’susedoften enough that Erlang provides amuch
moreconcisewaytoprovidethesamesyntax.Theconstructiscalleda
listcomprehension .Here’stheequivalenttowhatwejusttyped,witha
listcomprehension:

4>[Double(X) | | X<-Fibs].
[2,2,4,6,10]

InEnglish,we'resayingcomputethe Double of X foreach X takenfrom
thelistcalled Fibs.Ifyou’dprefer,wecancutoutthemiddleman:

5>[X = 2||X<-[1,1,2,3,51].
[2,2,4,6,10]

Theconceptisthesame.Wecomputing X2 foreach X takenfromthe
listcalled [1,1,2,3.5 ].Thisfeatureisabitmorethansyntacticsugar.
Let’sbuildsomemoresophisticatedlistcomprehensions. willstart
withamoreconcisedefinitionof mp

map(F,L)->[F(X) | | X<-L].

InEnglish,themapofsomefunction F oversomelist L isthecollection
of F(X) foreach X thatisamemberof L.Now,let’susealistcomprehen-
siontoworkwithacataloghavingaproduct,quantity,andprice:

7>Cart=[{pencil,4,0.25}, {pen,1,1.20}, {paper,2,0.20}].
[{pencil,4,0.25}, {pen,1,1.2}, {paper,2,0.2}]

Saythatlneedtoaddataxthatiseightcentsonthedollar.Icanadda
simplelistcomprehensiontorollupthenewcartwithtaxwithasingle
listcomprehension,likethis:
8>WithTax=[{Product,Quantity,Price,Price % Quantity = 0.08}]|

8> {Product,Quantity,Price}<-Cart].
[{pencil,4,0.25,0.08}, {pen,1,1.2,0.096}, {paper,2,0.2,0.032}]

AlltheearlierErlangconceptsyou’velearnedstillapply:there’spattern
matchinggoingonhere!SoinEnglish, we'rereturningalistoftuples
havinga Product, Price, Quantity,andtax( Price*Quantity*0.08 ),foreach
tupleof {ProductQuantityPrice} takenfromthelistcalled Cart.Thiscode
isabsolutelybeautifultome.Thissyntaxallowsmetochangetheform
ofmylist,literallyondemand.

Asanotherexample,saylhaveacatalogandIwanttoprovideasimi-
larcatalogtomypreferredcustomerswitha50percentdiscount.The
catalogcouldlooksomethinglikethis.I'lljusttakethecatalogfromthe
cart,ignoringquantity:

10>Cat=[{Product,Price}| | {Product, ,Price}<-Cart].
[{pencil,0.25}, {pen,1.2}, {paper,0.2}]
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InEnglish,givemetupleswith Product and Price foreachtupleof Prod-
uct,and Price (ignoringthesecondattribute)takenfromthe Cart list.
Now,Icanprovidemydiscount:

11>DiscountedCat=[{Product,Price/2}| | {Product,Price}<-Cat].
[{pencil,0.125}, {pen,0.6}, {paper,0.1}]

It’sconcise,readable,andpowerful.It’'sabeautifulabstraction.

Intruth,I'veshowedyouonlypartofthepowerofalistcomprehension.
Thefullformcanbeevenmorepowerful:

* Alist comprehension takes the form of [Expression || Clausel,
Clause2,...,ClauseN].

¢ Listcomprehensionscanhaveanarbitrarynumberofclauses.
* Theclausescanbegeneratorsorfilters.

¢ A filter can be a boolean expression or a function returning a
boolean.

* Agenerator,oftheform Match<-List ,matchesapatternontheleft
totheelementsofalistontheright.

Really,it’'snottoohard.Generatorsadd,andfiltersremove.There’sa
lotofProloginfluencehere.Generatorsdeterminethepossiblevalues,

and filters trim the list down to the specified conditions. Here are a
coupleofexamples:

[X||X <-[1,2,3,4],X<4,X>1].

[2,3]

InEnglish,return X,where X istakenfrom [1,2.34 ], X islessthanfour,
and X isgreaterthanone.Yncanalsohavemultiplegenerators:

23>[{X,Y}| X <-[1,2,3,4],X<3,Y<-[5,6]].

[{1,53,{1,6},{2,5},{2,6}]

24>

Thisonemakesatuple {X,Y} bycombining X valuesfrom [1,2,3.4 ] that
arelessthan3with Y valuesfrom [5,6 |.Yuwindupwithtwo X values
andtwo Y values,andErlangcomputesaCartesianproduct.

Andthat’sthewholestory.Ya¥learnedtouseErlangtodosequential
programming. Let’s take a break to wrap up and put this stuffinto
practice.

WhatWelearnedinDay?2

Admittedly, wedidn’tgointodeepdetailabout Erlangexpressionsor
thelibrary, butyouarenowarmedwith enoughinformationtowrite
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functionalprograms.Yastartedthedaywithsomemundanecontrol
structures,butwepickedupthepacequickly.

Next,wecovered higher-orderfunctions. Ymusedhigher-orderfunc-
tionswithinliststoiteratethroughlists,filterthem,andmodifythem.
Yu alsolearnedtouse @ torollupresults,justasyoudidwith
Scala.

Finally, we moved on toadvancedlist concepts. W used [H|T] onthe
left sideofamatchtodeconstructalistintothefirstelementofthe
listandtherest. V& used [H|T] ontherightsideofamatch,orsolo,to
constructlists,headfirst. W& = thenmovedontolistcomprehensions,an
elegantandpowerfulabstractionthatcanquicklytransformlistswith
generatorsandfilters.

Thesyntaxwasamixedbag.Ymcouldcruisethroughthehighercon-
ceptswithverylittletyping, thankstoErlang’sdynamic typingstrat-
egy.Still,thereweresomeawkwardmoments,especiallywiththesemi-
colonsafterthevariouspiecesof  case and if clauses.

In the next section, we’'lllearn what all of the fuss was about. W
tackleconcurrency.

Day2Self-Study
Do:

* Consideralistofkeyword-valuetuples, suchas [{erlang,"afunc-
fionallanguage'} {ruby,"anOOlanguage'}  ].Weafunctionthatac-
ceptsthelistandakeywordandreturnstheassociatedvaluefor
thekeyword.

* Consider a shopping list thatlooks like [{item quantity price}, ... ].
Wealistcomprehensionthatbuildsalistof items oftheform
[{itemtotal_price}.... ],where total_price is quantity times price.

Bonusproblem:

* Weaprogramthatreadsatic-tac-toeboardpresentedasalist
or a tuple of size nine. Return the winner ( x or o)ifawinner
hasbeendetermined, cat iftherearenomore possible moves,
or no_winner ifnoplayerhaswonyet.
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6.4 Day3:TheRedPill

Mostofyouhavehearditbefore.Inthematrix, takethebluepill,and
you can continue toliveinblissfulignorance. Take thered pill, and
youreyesareopentoreality. Sometimes,realityhurts.

W haveawholeindustryslammingbluepillslikeapreacher’skidin
Amsterdam. Concurrencyishard, sowepunt. addmutablestate,
so our programs collide when we run them concurrently. Our func-
tionsand methodshavesideeffects, sowecan’tprovecorrectnessor
predicttheiroutcomes.W  usethreadswithsharedstateratherthan
shared-nothingprocessesforperformance,sowehavetodoextrawork
toprotecteachpieceofcode.

Theresultis chaos. Concurrency hurts, notbecauseitisinherently
difficultbutbecausewe’vebeenusingthewrongprogrammingmodel!

Earlierinthechapter,IsaidErlangmadesomeeasythingshard. W
outsideeffectsandmutablestate, you'llhavetochangethewayyou
approachcodingaltogether. BihavetoputupwithaProlog-based
syntaxthatseemsalientomany. Butnow, youllgetthe payoftf. That
redpill, concurrencyandreliability, willseemlikecandytoyou.Let’s
findouthow.

BasicConcurrencyPrimitives

Yarthreebasicprimitivesforconcurrencywillbesendingamessage
(using 1), spawning a process (with ~ spawn), and receiving a message
(with receive).Inthissection,I'llshowyouhowtousethesethreeprim-
itivestosendandreceiveamessageandtowraptheminabasicclient-
serveridiom.

ABasicReceiveloop

W  startwithatranslationprocess.Ifyousendtheprocessastring
in Spanish, itwillreplywith an English translation. Ingeneral, your
strategy will be to spawn a process that receives and processes the
messageinaloop.
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Here’swhatabasicreceivelooplookslike:
Download erlang/translate.erl

-module(translate).
-export([Toop/0]).

Toop()->
receive
"casa" ->
io:format("house~n"),
ToopQ);

"blanca" ->
jo:format("white~n"),
ToopQ);

>
jo:format("Idon'tunderstand.~n" ),
Toop()

end.

That’slonger than ourotherexamples sofar, sowe’llbreakitdown.

Thefirsttwolinesjustdefinethemodulecalled franslate andexportthe
functioncalled loop.Thenextblockofcodeisthefunctioncalled loopQ:
Toop()->

end. B

Noticethatthecodeinsidecalls loop() threetimes,withoutanyreturns.
That’s OK: Erlangisoptimized fortailrecursion, sothere’sverylittle
overhead, aslong as thelast thingin any receive clauseisa loopQ.
We  basicallydefininganemptyfunctionandloopingforever.Moving
ontothe receive:

receive->

This function will receive a message from another process. receive
worksliketheother patternmatching constructsin Erlang, the case
andthefunctiondefinitions. Yl follow receive withseveral pattern

matchingconstructs.Movingontotheindividualmatches:

"casa"->

io:format("house~n"),

ToopQ);
Thisisamatching clause. The syntaxisnicely consistent with case
statements.Iftheinboundmessagematchesthestring "‘casa’, Erlang
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will execute the following code. Separate lines are delimited with a
character,andyou’llterminatetheclausewitha ; character.Thiscode
displaystheword house andthencalls loop. (Remember, there’s no
overheadonthestack,because loop isthelastfunctioncalled.)Allof
theothermatchingclauseslookthesame.

Now,wehaveamodulewitha receive loopinit.It’stimetoputitto
use.

SpawningaProcess
First,wecompilethismodule:

1>c(translate).
{ok,translate}

Tospawnaprocess,you'llusethefunction spawn,whichtakesafunc-
tion. Thatfunctionwillbestartedinanewlightweightprocess. spawn
returnsaprocessID(PID). W passinthefunctionfromour franslate

module,likethis:

2>Pid=spawn(funtranslate:1oop/0).
<0.38.0>

YucanseethatErlangreturnedtheprocessIDof <0.38.0>.Inthecon-
sole,you'llseeprocessIDsenclosedinanglebrackets. We goingto
coveronlythe primitiveversion of process spawning, butyou should
knowaboutafewotherstoo.Yu canregisterprocessesbyname, so
otherprocessescanfind, say, commonservicesbynameratherthan
processID . Yaicanalsouseanotherversionof spawn forcodethatyou
wanttobeabletochangeonthefly,orhot-swap.Ifyouwerespawning
aremoteprocess,youwoulduse spawn(Node,function) instead.These
topicsarebeyondthescopeofthisbook.

Sonow,we'vecodedamodulewithacodeblock,andwe'vespawnedit
asalightweightprocess.Thelaststepistopassmessagestoit. Thatis
thethirdErlangprimitive.

SendingMessages

AsyousawinScala,youwillpassdistributedmessagestoErlangwith

the ! operator.Theformis Pidimessage .The Pid isanyprocessidentifier.
message canbeanyvalue,including primitives, lists, ortuples. Let’s
sendafewmessages:

3>Pid!"casa".

"house"
"casa"
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4>Pid!"blanca".
"white"

"blanca"
5>Pid!"1oco".
"Idon'tunderstand."
"Toco"

Eachlinesendsamessage.The io:format inour receive clausesprints
amessage,andthentheconsoleprintsthereturnvalueoftheexpres-
sion,whichisthemessageyousent.

Ifyouweresendingadistributedmessagetoanamedresource,you’d
usethesyntax node@serverimessage instead.Settinguparemoteserver
isbeyondthescopeofthisbook,butwithverylittleself-study,youcan
easilygetadistributedservergoing.

Thisexampleillustratesthebasicprimitivesandhowyou’dweavethem
togethertoformabasicasynchronousservice. Ya mayhavenoticed
thatthereisnoreturnvalue.Inthenextsection,we’llexplorehowto
sendsynchronousmessages.

SynchronousMessaging

Someconcurrentsystemsworkasynchronously,likephonechats.The
sender transmits a message and goes on, without waiting for a re-
sponse. Othersworksynchronously, likethe Wh V¢ askforapage,
andthewebserversendsitwhilewewaitfortheresponse.Let’'sturn
thetranslationservicethatprintsreturnvaluesintoaservicethatactu-
allyreturnsthetranslatedstringtotheuser.

Tochangeourmessagingmodelfromasynchronoustosynchronous,
we’'llhaveathree-partstrategy:

*Each receive clauseinourmessagingservicewillneed tomatch
atuple having the ID of the process requesting the translation
andthewordtotranslate. AddingthisIDwillallowustosenda
response.

*Each receive clausewill need to send aresponse to the sender
insteadofprintingtheresult.

¢ Insteadofusingthesimple | primitive,we’llwriteasimplefunction
tosendtherequestandawaittheresponse.

Nowthatyouknowthebackground, takealook atthe pieces ofthe
implementation.
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ReceivingSynchronously

Thefirstorderofbusinessistomodifyour receive clausestotakeaddi-
tionalparameters.Thatmeanswe'regoingtohavetousetuples. Pat-
ternmatchingmakesiteasy.Each receive clauselookslikethis:
receive
{Pid,"casa"}->
Pid!"house",
ToopQ;

W matchanyelement(thisshouldalwaysbeaprocessID),followedby
theword casa.W thensendtheword house tothereceiverandloop
backtothetop.

Note the pattern match. Thisisa common formfora receive, where
thelDofthesendingprocessisthefirstelementofatuple.Otherwise,
theonlymajordifferenceissendingtheresultratherthanprintingit.
Sendingamessagegetsalittlemorecomplicated,though.

SendingSynchronously

Theothersideoftheequationneedstosendamessageandthenimme-
diatelywaitforaresponse. GivenaprocessIDin Receiver, sendinga
synchronousmessagewilllooksomethinglikethis:

Receiver! "message_to_translate",
receive
Message->do_something_with(Message)
end

Sincewe’llbesendingmessagessooften, we’llsimplify the serviceby
encapsulatingarequesttotheserver.Inourcase, thatsimpleremote
procedurecalllookslikethis:
translate(To,Word)->

To!{self(),Word},

receive

TransTlation->TransTlation
end.

Whenyouputitalltogether,yougetaconcurrentprogramthat’sonly
marginallymorecomplicated.
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Download erlang/translate_service.erl

-module(transTlate_service).
-export([loop/0,translate/2]).

Toop()->
receive

{From, "casa'"}->
From! "house",
ToopQ;

{From, "blanca"}->
From! "white",
ToopQ;

{From,_}->
From! "Idon'tunderstand." |,
Toop()

end.

translate(To,Word)->
To!{self(),Word},
receive
TransTlation->TransTlation
end.

Theusagemodellookslikethis:

1>c(translate_service).
{ok,translate_service}
2>Translator=spawn(funtranslate_service:1oop/0).

<0.38.0>
3>translate_service:translate(Translator,blanca').
"white"
4>translate_service:translate(Translator,"casa").
"house"

W simplycompilethecode, spawntheloop,andthenrequestasyn-
chronousservicethroughthehelperfunctionwewrote.Asyoucansee,
the ity processnowreturnsthetranslatedvaluefortheword.And
now,youhaveasynchronousmessage.

Now, youcanseethestructureofabasic receive loop.Eachprocess
hasamailbox.The receive constructjustpicksmessagesoffthequeue
and matchesthem tosomefunction toexecute. Processes communi-
catebetweenoneanotherwithmessagepassing.It'snoaccidentthat
Dr.ArmstrongcallsErlangatrueobject-orientedlanguage!ltgivesyou
messagepassingandencapsulationofbehavior.Wejustlosingmuta-
blestateandinheritance, thoughit’spossibletosimulateinheritance,
andmore,throughhigher-orderfunctions.
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Client
(console)

Server
(roulette)

Figure6.1:Simpleclient-serverdesign

Sofar,we’veworkedinbasic, sterileconditionswithnoerrorrecovery
capability.Erlangdoesprovidecheckedexceptions,butlwanttowalk
youthroughanotherwayofhandlingerrorsinstead.

LinkingProcessestiReliability

Inthissection,we'regoingtolookatwaystolinkprocessesforbetter
reliability. InErlang,youcanlinktwoprocessestogether. Whenevera
processdies, itsendsanexitsignaltoitslinked twin. Aprocesscan
thenreceivethatsignalandreactaccordingly.

SpawningalinkedProcess

Toseehowlinkingprocessesworks,let’sfirstcreateaprocessthatcan
easilydie.I'vecreatedaRussianroulettegame.Ithasagunwithsix
chambers.Tofireachamber,youjustsendanumber 1-6tothegun
process. Enter thewrong number, and the processkillsitself. Here’s
thecode:

Download erlang/roulette.erl

-module(roulette).
-export([Toop/0]).

%sendanumber,1-6
Toop () ->
receive
3->jo:format( "bang.~n"),exit({roulette,die,at,erlang:time()});
_->jo:format( "click~n"),Tloop(Q)
end.

Theimplementationisprettyeasy. W haveamessageloop.Matching
3executesthecode io:format("bang~n"),exit{roulette, die,at.erlang:timeQ}; ,
killingtheprocess.Anythingelsejustprintsamessageandgoesback
tothetopoftheloop.

V¢ reallyhaveasimpleclient-serverprogram.Theclientistheconsole,
andtheserveristhe &b process,asshowninFigure6.1.
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Andhere’swhattheexecutionlookslike:

1>c(roulette).
{ok,roulette}
2>Gun=spawn (funroulette:1oop/0).
<0.38.0>
3>Gun!l.
"click"

1

4>Gun!3.
"bang"

3

5>Gun!4.

4

6>Gun!l.

1

The problem is that aftera 3, the gun processis dead, and further
messagesdonothing. W canactuallytellwhethertheprocessisalive:

7>erlang:is_process_alive(Gun).
false

Theprocessisdefinitelydead. It'stimetogetonthecart. W cando
alittle bit better. Let’s build a monitor that will tell us whether the
processdies. Iguess that's more of a coroner than a monitor. We
onlyinterestedindeath.

Here’'swhatthecodelookslike:
Download erlang/coroner.erl

-module(coroner) .
-export([Toop/0]).

Toop()->
process_flag(trap_exit,true),
receive
{monitor,Process}->
Tink(Process),
io:format("Monitoringprocess.~n" ),
ToopQ;

{'EXIT',From,Reason}->
io:format("Theshooter~pdiedwithreason~p." , [From,Reason]),
io:format("Startanotherone.~n" ),

Toop ()
end.

Asusual,we’rebuildinga  receive loop.Beforewedoanythingelse,the
programmustregistertheprocessasonethatwilltrapexits.Yatwon’t
receiveEXITmessageswithoutit.
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Then,weprocessareceive. Thereceivegetstwotypesoftuples:those
beginningwiththeatom monitor and those beginning with the string
‘EXIT’.Let’slookateachinmoredetail.

{monitor,Process}->
Tink(Process),
io:format("Monitoringprocess.~n"),
Toop();

Thiscodelinksthecoronerprocesstoany processwith a PID of Pro-
cess.Yscanalsospawnaprocesswiththelinksalreadyinplacewith
spawn_link.Now,ifthemonitoredprocessshoulddie,itwillsendanexit
messagetothis coroner.Movingontotrappingtheerror:

{"EXIT',From,Reason}->
io:format("Theshooterdied.Startanotherone.~n"),
Toop()

end.

Thisisthecodethatmatchestheexitmessage.Itwillbeathree-tuple

with ‘EXIT’,followedbythePIDfromthedyingprocessas From andthe
reasonforfailure.WeprintthePIDofthedyingprocessandthereason.
Here’stheoverallflow:

1>c(roulette).

{ok,roulette}

2>c(coroner).

{ok,coroner}
3>Revolver=spawn(funroulette:1oop/0) .
<0.43.0>
4>Coroner=spawn(funcoroner:1oop/0) .
<0.45.0>

5>Coroner! {monitor,Revolver}.
Monitoringprocess.

{monitor,<0.43.0>}

6>Revolver!l.

click

1

7>Revolver!3.

bang.

3

Theshooter<0.43.0>d1iedwithreason
{roulette,die,at,{8,48,1}}.Startanotherone.

Now,we'regettingmoresophisticatedthanclient-server.We addeda
monitorprocess,asinFigure6.2,onthefollowingpage,sowecantell
whentheprocessdies.
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Monitor
(coroner)

Client
(console)

Server
(roulette)

Figure6.2:Addingmonitoring

FromCoronertoDoctor

W candobetter.Ifweregisterthegun(gunpunintended),gameplay-
erswillnolongerhavetoknowthePIDoftheguntoplay.Then,wecan
pushtheguncreationintothecoroner.Finally,thecoronercanrestart
theprocesswhenevertheprocessdies. Andwe’veachievedmuchbet-
terreliabilityandwithoutexcessiveerrorreporting. Atthis point, the
coronerisnotjustacoroner. He’'sadoctor, andonethat’scapable of
raisingthedead.Here’sthenewdoctor:

Download erlang/doctor.erl

-module(doctor).
-export([loop/0]).

Toop()->
process_flag(trap_exit,true),
receive
new->
io:format("Creatingandmonitoringprocess.~n" ),
register(revolver,spawn_Tlink(funroulette:loop/0)),
ToopQ);

{"EXIT',From,Reason}->
io:format("Theshooter~pdiedwithreason~p." , [From,Reason]),
io:format("Restarting.~n" ),
self(Q) I'new,

Toop()
end.
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The receive blocknowmatchestwomessages: new andthesame EXIT
tuple.Theyarebothalittledifferentfromthecoronerpredecessor.This
isthemagiclineofcodeinthe new block:

register(revolver,spawn_Tlink(funroulette:loop/0)),

Wikig fromtheinsideout,wespawnaprocesswith spawn_link.That
versionofspawnwilllinkthe processessothe doctor willgetnotified
whenevera néb processdies. W  thenregisterthePID,associating
itwiththe revolver atom.Now,userscansendmessagestothisprocess
byusing revolverimessage .W nolongerneedthePID.TheEXITmatch
blockisalsosmarter.Here’sthenewlineofcode:

self() Inew,

Wesendamessagetoourself,spawningandregisteringanewgun.The
gameismucheasiertoplay,too:

2>c(doctor).
{ok,doctor}
3>Doc=spawn (fundoctor:1oop/0) .
<0.43.0>
4>revolver!l.
« exceptionerror:badargument
inoperator !/2
calledasrevolver!l

Asexpected, wehavenotcreated theprocessyet, sowegetanerror.
Now,we’llcreateandregisterone:

5>Doc!new.

Creatingandmonitoringprocess.

new

6>revolver!l.

click

1

7>revolver!3.

bang.

3

Theshooter<0.47.0>diedwithreason{roulette,die,at,{8,53,40}}.
Restarting.

Creatingandmonitoringprocess.

8>revolver!4.

click

4

W nowtaketheincongruousstepofcreatingthe revolver throughthe
Doctor.Wé interactwiththerevolverbysendingmessagesthroughthe
revolver atominsteadofthe Gun PID.Yaicanalsoseeafterline8that

wein fact create and register anewrevolver. The overall topology is
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generallythesameasitwasinFigure6.2,onpage216,withthe doctor
playingamoreactiverolethanthe coroner did.

We  justscratched the surface, but I hope that you can see how
Erlangcanmakeiteasytocreatemuchmorerobustconcurrentsys-
tems.Ymdon'tseemucherrorhandlinghereatall. Whensomething
crashes, wejuststartanewone. It'srelatively simple to build mon-
itorsthatwatch eachother. Infact, thebaselibraries have plenty of
toolstobuildmonitoringservicesandkeep-alivesthatErlangrestarts
automaticallyuponanykindoffailure.

WhatWelearnedinDay3

In day 3, you started to get a pretty good feel for what you can do
withErlang. W startedwiththeconcurrencyprimitives:send,receive,
andspawn.W builtthenaturalasynchronousversionofatranslator
toillustratehowbasicmessage-passingworks. Then, webuiltasim-
plehelperfunctionthatencapsulatedasendandareceivetogetherto
simulatearemoteprocedurecallwithasendandreceive.

Next, we linked processes together to showhow one process notifies
another when it dies. & also learned to monitor one process with
anotherforbetterreliability. Oursystemwasnotfaulttolerant,though
theideasthatweusedcouldbeusedtobuild fault-tolerantsystems.
Erlangdistributedcommunicationworksexactlylikeinterprocesscom-
munication. W couldlink two processes, on separate computers, so
thatastandbymonitored themasterandtookoverintheeventofa
problem.

Let’sputsomeofwhatyou'velearnedtowork.

Day3Self-Study

Theseexercisesarerelativelyeasy,butldidaddsomebonusquestions
tostretchyoualittlebit.

OpenTelecomPlatform(OTP)isapowerfulpackagewithmuchofwhat
you’llneedtobuildadistributed,concurrentservice.

Find:
* AnOTPservicethatwillrestartaprocessifitdies

* DocumentationforbuildingasimpleOTPserver
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Do:
* Monitorthe translate_service andrestartitshoulditdie.
* Makethe Doctor processrestartitselfifitshoulddie.

¢ Make a monitor for the Doctor monitor. If either monitor dies,
restartit.

Thefollowingbonusquestionswilltakealittlebitofresearchtocom-
plete:

* CreateabasicOTPserverthatlogsmessagestoafile.

e Makethe translate_service workacrossanetwork.

6.5 WrappingUpErlang

Atthebeginningofthischapter,Isaid that Erlangmadehard things
easy and easy things hard. The Prolog-style syntaxis alien to those
familiarwiththebroadfamilyofC-stylelanguages,andthefunctional
programmingparadigmhasitsownsetofchallenges.

ButErlanghassomecorecapabilitiesthatwillbetremendouslyimpor-
tant as new hardware designs make programming for concurrency
moreimportant. Someofthecapabilitiesare philosophical. Thelight-
weightprocessesruncountertoJava’sthreadandprocessmodels.The
“Letitcrash”philosophysimplifiescodetremendouslybutalsorequires
basesupportatthevirtualmachinelevelthatjustdoesn’texistinother
systems.Let’'sbreakdownthecoreadvantagesanddisadvantages.

CoreStrengths

Erlangisallaboutconcurrencyandfaulttolerance,fromtheinsideout.
Asprocessordesignerslooktodistributedcores,thestateoftheartin
programmingmustevolve.Erlang’sstrengthsareinthemostimportant
areasthatthisgenerationofprogrammerswillface.

DynamicandReliable

First and foremost, Erlang is built for reliability. The core libraries
havebeentested,andErlangapplicationsareamongthemostreliable
andavailableintheworld. Mostimpressively, thelanguagedesigners
achievedthisreliabilitywithoutsacrificingthedynamictypingstrate-
giesthatmakeErlangsoproductive. Ratherthandependonthecom-
piler foranartificial safetynet, Erlangdependsontheability tolink
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concurrentprocesses,reliablyandsimply.Iwasastoundedabouthow
easyitwastobuilddependablemonitorswithoutrelyingonoperating
systemkludges.

IthinkthesetofcompromisesthatyoufindinErlangiscompellingand
unique. TheJavalanguageandvirtualmachinedoesnotprovide the
rightsetofprimitivestoduplicateErlangperformanceorreliability. The
librariesbuiltontheBEAMalsoreflectthisphilosophy,soit’srelatively
easytobuildreliable,distributedsystems.

Lightweight,Share-NothingProcesses

Anotherplace Erlang shinesis the underlying processmodel. Erlang
processes are light, so Erlang programmers use them often. Erlang
buildsonaphilosophyofenforcingimmutability,soprogrammersbuild
systems that are inherently less likely to fail by conflicting with one
another. The message-passing paradigm and primitives make it easy
tocodeapplicationswith alevel of separationthatyourarelyfindin
object-orientedapplications.

CPtheEnterpriselibraries

SinceErlanggrewupinatelecomcompanywithhighrequirementsfor
availability and reliability, it has twenty years worth of libraries that
supportthisstyleofdevelopment.TheprimarylibraryisOpenTelecom
Platform (OTP).Yu  canfindlibrariesthathelpyoubuild monitored,
keep-alive processes; link to databases; or build distributed applica-
tions.OTPhasafullwebserverandmanytoolsforbindingtotelecom
applications.

Thenicethingaboutthesetoflibrariesisthatfaulttolerance,scalabil-
ity,transactionalintegrity,andhot-swappingareallbuiltin.Yadon’t
have toworry aboutthem. Yn canbuildyour own server processes
thattakeadvantageofthesefeatures.

LetltCrash

Whenyou'redealingwith parallel processes and no side effects, “Let
itcrash”works—you’renotasworriedaboutwhyindividualprocesses
crash because you can restart them. The functional programming
modelamplifiesthebenefitsofErlang’sdistributionstrategy.

Likealltheotherlanguagesinthisbook, Erlangis tainted. Only the
natureoftheproblemschanges.ThesearetheplacesthatAgentSmith
maynotalwaysplaysonice.
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CoreWsdess

Erlang’sfundamental problemswithadoptioncomefromrootsfirmly
plantedinanichelanguage.Thesyntaxisalientothevastmajorityof
programmers. Also, thefunctionalprogrammingparadigmisdifferent
enoughthatitwillcauseproblemswithwidespreadadoption.Finally,
byfarthebestimplementationisontheBEAMandnottheJavavirtual
machine.Let’sdiginalittledeeper.

Syntax

Likeamovie,syntaxissubjective.Beyondthisproblem,though,Erlang
hassomeproblemsthateventheimpartialwillnotice.Let’slookattwo
ofthem.

Interestingly, some of Erlang’s core strengths come from the Prolog
foundations, aswell asitsweaknesses. Tomost of the programming
population, Prologis obscure, and the syntax comes offas awkward
andalien.Alittlesyntacticsugartoeasethetransitioncouldgoalong
way.

Inthechapter, Imentioned the problemswith if and case constructs.
Thesyntacticrulesarelogical—useaseparatorbetweenstatements—

but not practical because you can’t change the order of case, if, or
receive blockswithouthavingtochangeyourpunctuation. Thesere-
strictionsareunnecessary. And thereareotheroddities, suchasthe
conditional presentation of an array of numbers as strings. Cleaning
theseupwouldhelpErlangtremendously.

Integration

AswiththePrologheritage,notbeingontheJVMhasbeenadouble-
edgedsword. Recently,aJVM-based VM called Erjanghasmadepro-
gressbutisnotyettothelevelofthebestJVMalternatives. TheJVM
doescomewithbaggage,suchasaprocessandthreadingmodelthat’s
inadequateforErlang’sneeds.ButbeingontheJVMhasasetofadvan-
tagesaswell, too,includingthewealthofJavalibrariesandthehun-
dredsofthousandsofpotentialdeploymentservers.

FinalThoughts

Thesuccessofaprogramminglanguageisaficklething. Erlangfaces
someseriousobstaclesonthemarketingside,andhavingtolureJava
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programmersovertoalLisp-styleprogrammingparadigmandaProlog-
stylesyntaxwon’tbeeasy.Erlangdoesseemtobegatheringmomen-
tumbecauseitsolvestherightproblemsintherightwayattheright
time. Inthisbattle between Anderson and Agent Smith, I give Agent
Smithaneven-moneychanceatsuccess.
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Doordonot...thereisnotry.
> Yoh

Chapter 7

Clojureis Lisp on the JVM. Perplexing and powerful, Lisp is one of
thefirstprogramminglanguagesand oneofthelatesttoo. Dozens of
dialectstriedtolaunchLispintothemainstreamandfailed. Thesyntax
andprogrammingmodelsofarhavebeentoomuchforatypicaldevel-
opertoabsorb. ¥ there’ssomethingspecialaboutLispthat’'sworth
revisiting, so the new dialects continue to emerge. Some of the best
programming universities lead with the Lisplanguage toform young
mindswhiletheyarestillopen.

Inmanyways, Clojureisthewise kung fumaster, theoracleonthe

hill, or the enigmatic Jedi trainer. Think Ysh In StarWss  Episode
VITheEmpireStrikesBack ,' Yshwasintroducedasacutecharacter
withlittlesignificance. Hiscommunicationstyleis ofteninverted and
hard tounderstand, like Lisp prefixnotation (understandmelateryau
will). He seems too small tomake a difference, like the Lisp syntactic

rules with little more than parentheses and symbols. But it quickly
becomesapparentthatthereismoretoYsh thanmeetstheeye. As
withLisp, heisold, withwisdom (likethequoteabove)thathasbeen
honedbytimeandtriedunderfire.LikeLisp’smacrosandhigher-order
constructs,hehasaninnerpowerthatotherscan’tseemtomaster.In
many ways, Lisp started it all. Before diving in too deeply, let’s talk
alittle bit about Lisp and then shift gears to what’s exciting about
Clojure.

1. StarWssEpisodeVTheEmpireStrikesBack .DirectedbyGeorgeLucas. 1980;Bev-
erlyHills,CA:20thCenturyFox,2004.
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7.1 IntroducingClojure

Whenallissaid and done, Clojureisyetanother Lisp dialect. It will
havethesamelanguagelimitationsandmanyofthesameconsiderable
strengths.UnderstandingClojurestartswithunderstandingLisp.

AllLisp

After Fortran, Lisp is the oldest commercially active language. It’'s a
functionallanguagebutnotapurefunctionallanguage. Theacronym
standsforLIStProcessing,andearlyon,you’llseewhy.Lisphassome
interestingcharacteristics:

¢ Lispisalanguageoflists.Afunctioncallusesthefirstlistelement
asthefunctionandtherestasthearguments.

¢ Lispusesitsowndatastructurestoexpresscode. Lispfollowers
callthisstrategy dataascode .

Whenyoucombinethesetwoideas,yougetalanguagethat’sidealfor
metaprogramming.Yicanarrangeyourcodeasnamedmethodsina
class.Yucouldarrangethoseobjectsintoatree,andyouhaveabasic
objectmodel. Y1  could also build a prototype-based code organiza-
tionwithslotsfordataandbehavior. Yiacanbuildapure-functional
implementation. It’sthisflexibilitythatallows Lisp tomorphthelan-
guageintojustaboutanyprogrammingparadigmyouwant.

In HackersandPainters | l,PaulGrahamchroniclesthestoryof
howasmalldevelopmentteamusedLispanditspowerfulprogramming
modeltodefeatmuchlargercompanies.TheybelievedLispprovideda
significantprogrammingadvantage.Infact,theypaidmoreattentionto
start-upspostingjobsrequiringLispandotherhigher-levellanguages.

TheprimaryLispdialectsareCommonLispandScheme.Schemeand
Clojure are from the same family of dialects called lisp-1, and Com-
monlLispisalisp-2dialect. Theprimarydifferencebetweenthedialect
familieshastodowiththewaynamespaceswork. CommonLispuses
aseparatenamespaceforfunctionsandvariables,whileSchemeuses
thesamenamespaceforboth.WhtheLispsideoftheequationbehind
us,let’'smoveontotheJavaside.

OntheJVM

EveryLispdialectcaterstoitsaudience. ForClojure,oneofthemost
important characteristicsis theJVM. Wh Scala, you saw thathav-
inga commercially successful deployment platform can make all the
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differenceintheworld. Yindon'thavetosellaClojureservertoyour
deployment people to use it. Though the language is relatively new,
youcanaccessthetensofthousandsofJavalibrariestodojustabout
anythingyouneed.

Throughoutthischapter,you’llseeevidenceoftheJVM,inthewayyou
invokeit,inthelibrariesweuse,andinartifactswecreate. Butyou’ll
alsoseeliberation, too.Clojureisfunctional,soyou’llbeabletoapply
advancedconceptstoyourcode.Clojureisdynamicallytyped,soyour
codewillbemoreconcise, easiertoread,andmorefuntowrite. And
ClojurehastheexpressivenessofLisp.

ClojureandJavadesperatelyneedeachother. Lispneedsthemarket
placethattheJavavirtualmachinecanoffer,andtheJavacommunity
needsaseriousupdateandaninjectionoffun.

UpdatedfxaConcurrentWid

Thelastpieceoftheequationforthislanguageisthesetoflibraries.
Clojureisafunctionallanguage, withemphasisonfunctionswithout
side effects. But when you do use mutable state, the language sup-
portsanumberofconceptstohelp. Transactional memoryworkslike
transactional databases to provide safe, concurrent access to mem-
ory.Agentsallowencapsulatedaccesstomutableresources.Wcover
someoftheseconceptsinday3.

Impatientareyou?StartwithClojure,wewill.

7.2 Dayl:higlLuke

In StarWs ,theapprenticeLukejoinedwithYshforadvancedtrain-
inginthewaysoftheJedi.Hehadstartedhistrainingunderanother.
Like Luke, youhavealready started your training for functionallan-
guages.YirusedclosuresinRubyandgraduatedtohigher-orderfunc-
tionsinScalaandErlang.Inthischapter,you'regoingtolearntoapply
someofthoseconceptsinClojure.

GototheClojurehomesiteat http://www.assembla.com/wiki/show/clojure/
Getting_Started. FollowtheinstructionstoinstallClojureonyourplat-

form and with your preferred development environment. 'musinga
prereleaseversion of Clojure 1.2, anditshouldbefullyready by the

time this book is in your hands. Y may first need to install the
Javaplatform, thoughtoday, mostoperatingsystemscomewithJava
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installed. 'musingtheleiningentool 2 tomanagemyClojureprojects
andJavaconfiguration.Thattoolletsmebuildaprojectandinsulates

me fromtheJavadetails suchasclasspaths. Once that’sinstalled, I
canthencreateanewproject:

batate$leinnewseven-languages

Creatednewprojectin:seven-Tanguages

batate$cdseven-languages/
seven-languagesbatate$

Then,IcanstarttheClojureconsole,calledtherepl:

seven-languagesbatate$leinrepl
Copying2filesto/Users/batate/lein/seven-languages/Tib
user=>

...and I'm off to the races. Underneath, leiningen is installing some
dependenciesandcallingJavawithafewClojureJavaarchives (jars)
andoptions.Yar installationmayrequireyoutostartthereplsome
otherway.Fromhereonout,I'lljusttellyoutostarttherepl.

Afterallofthatwork,youhaveaprimitiveconsole. Whenlaskyouto
evaluatecode,youcanusethisrepl,oryoucanuseoneofanynumber
ofIDEsoreditorsthathaveClojuresupport.

Let’'stypesomecode:

user=>(printin"GivemesomeClojure!")

GivemesomeClojure!

nil
So,theconsoleisworking.InClojure,you'llencloseanyfunctioncall
entirelyinparentheses.Thefirstelementisthefunctionname,andthe
restarethearguments.Yaicannestthem, too.Let'sdemonstratethe
conceptwithalittlemath.

CallingBasicFunctions
user=>(-1)

-1

user=>(+11)

2

user=>( * 1010)

100

That'sjustbasicmath.Divisionisalittlemoreinteresting:

user=>(/13)
1/3

2. http://github.com/technomancy/leiningen
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user=>(/24)

1/2

user=>(/2.04)

0.5
user=>(class(/13))
clojure.lang.Ratio

Clojurehasabasicdatatypecalleda ratio.It’sanicefeaturethatwill
allowdelayingcomputationtoavoidthelossofprecision. Yaicanstill
easilyworkinfloatsifyousochoose. Yarcaneasilycalculateremain-

ders:

user=>(mod54)
1

That'sshortformodulusoperator. Thisnotationiscalled prefixnota-
tion. Languages to this point have supported infixnotation, with the
operatorbetweentheoperands,like  4+1-2 .Manypeoplepreferinfix
notationbecausewereusedtoit. We usedtoseeingmathexpressed
inthisway Afterwarmingup,youshouldbegettingintotheflowofpre-
fixnotation.It’salittleawkwarddoingmathinthisway,butitworks.
Prefixnotationwith parenthesesdoeshaveadvantages, though. Con-
siderthisexpression:

user=>(/(/122)(/62))
2

There’snoambiguity.Clojurewillevaluatethisstatementinparenthet-
icalorder.Andcheckoutthisexpression:

user=>(+2222)
8

Yu caneasilyaddelementstothecalculation,ifyousochoose. Ya1
canevenusethisstylewhenworkingwithsubtractionordivision:
user=>(-812)

5

user=>(/822)
2

Weevaluated(8-1)-2and(8/2)/2inconventional(infix)notation.
Orifyou’dliketoseetheClojureequivalentusingonlytwooperandsat
atime,itis (-(-81)2) and (/(/82)2) .Yaucanalsogetsomesurprisingly
powerfulresultsoutofsimpleoperatorevaluation:

user=>(<123)

true

user=>(<1324)
false
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Nice. W canseewhetheralistisinorderwithasingleoperatorand
anarbitrarynumberofarguments.

Asidefromtheprefixnotationandtheextrawrinkleofmultipleparam-
eterlists, Clojure’ssyntaxisverysimple. Let’stry topushthetyping
systemalittle, probingforstrongtypingandcoercedtypes:
user=>(+3.05)

8.0

user=>(+35.0)
8.0

Clojureworkstocoercetypesforus.Ingeneral,youllfindthatClojure
supports strong, dynamic typing. Let’s get a little more focused and
lookatsomeofClojure’sbasicbuildingblocks,called forms.

Think of a form as a piece of syntax. When Clojure parses code, it
firstbreakstheprogramdownintopiecescalled Jorms.Then, Clojure
cancompileorinterpretthecode.I'mnotgoingtodistinguishbetween
codeanddata,becauseinLisp,theyareoneandthesame.Booleans,
characters, strings, sets, maps, andvectorsareallexamplesofforms
thatyou'llseethroughoutthischapter.

StringsandChars

Yae alreadybeen introduced to strings, butwe can takeitalittle
deeper.Yilenclosestringsindoublequotes,anduseC-styleescaping
characters,asinRuby:
user=>(printIn"masteryoda\nlukeskywalker\ndarthvader")
masteryoda

Tukeskywalker

darthvader

nil

Nosurprises. Asanaside, sofar, we've used a singleargument with
printin,butthefunctionalsoworkswellwithzeroormoreargumentsto
printablanklineorseveralvaluesconcatenatedtogether.

InClojure,youcanconvertthingstoastringwiththe str function:
user=>(strl)

nyn

If the target underneath is a Java class, str will call the underlying

toString function.Thisfunctiontakesmorethanoneargument,likethis:

user=>(str"yoda,""luke, ""darth")
"yoda, Tuke, darth"
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Asaresult, Clojuredevelopersuse str toconcatenatestringstogether.
Conveniently,youcanconcatenateitemsthatarenotstrings:
user=>(str"one:"1"two:"2)

"one:1ltwo:2"

Yucanevenconcatenatedifferenttypestogether. Torepresentachar-
acteroutsideofdoublequotes,youcanprecedeitwitha \ character,
likethis:

user=>\a

\a
Andasusual,youcanconcatenatethemtogetherwith str:

user=>(str\f\o\r\c\e)
"force"

Let’smakesomecomparisons:

user=>(="a"\a)
false

So,charactersarenotstringsoflength1.

user=>(=(str\a)"a")

true

Butyoucaneasilyconvertcharacterstostrings. That'senoughstring
manipulationfornow.Let’smoveontosomebooleanexpressions.

BooleansandExpressions

Clojurehasstrong,dynamictyping.Recallthatdynamictypingmeans
typesareevaluatedatruntime. Ysealreadyseenafewofthetypes
inaction, butlet’sfocusthatdiscussionalittlebit. Abooleanis the
resultofanexpression:

user=>(=11.0)

true

user=>(=12)

false

user=>(<12)

true

Aswithmostotherlanguagesinthisbook, frue isasymbol.Butitisalso
something else. Clojure’s types are unified with the underlying Java
typesystem.Ya1  cangettheunderlyingclasswiththe class function.
Here’stheclassofaboolean:

user=>(classtrue)

java.lang.Boolean

user=>(class(=11))
java.lang.Boolean
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So,youcanseetheJVMpeekingthrough.Thistypestrategywillmake
thingsfarmoreconvenientforyouasyoumovealong.Yaicanusethe
resultofbooleansinmanyexpressions.Hereisasimple if:
user=>(iftrue(printIn"Trueitis."))
Trueitis.
nil
user=>if(12) (printIn"Trueitis."))
nil
Likelo, we passedin code as the second argument to the if. Conve-
niently, Lispletsustreatthedataascode. W canmakeitprettierby
breakingthecodeacrossmultiplelines:
user=>(if(<12)

(printIn"Falseitisnot."))

Falseitisnot.

nil

W canaddan else asthethirdargument:
user=>(iffalse(printin"true") (printin"false™))

false

nil
Now,let’'sseewhatelsewecanuseasbooleans.First,whatpassesfor
a nil inClojure?

user=>(first())

nil

Ah.That’ssimple.Thesymbolcalled nil.
user=>(ifO(printin"true™))

true

nil

user=>(ifnil(printin"true"))

nil

user=>Cif""(println"true"))

true

nil

0 and " aretrue,but nil isnot.Wintroduceotherbooleanexpressions
asweneedthem.Now,let'slookatsomemorecomplexdatastructures.

Lists,Maps,Sets,andV ectors

Aswithallfunctionallanguages,coredatastructuressuchaslistsand
tuplesdotheheavylifting. In Clojure, threebigonesarelists, maps,
andvectors.W startthingsoffwiththecollectionyou’vespentmost
ofyourtimewithsofar,thelist.
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Lists

Alistisanorderedcollectionofelements.Theseelementscanbeany-

thing, butinidiomaticClojure,listsareusedforcodeandvectorsfor

data.I'llwalkyouthroughlistswithdata,though,topreventconfusion.
Sincelistsevaluateasfunctions,youcan’tdothis:

user=>(123)

java.lang.ClassCastException:java.lang.Integer
cannotbecasttoclojure.lang.IFn(NO_SOURCE_FILE:0)

Ifyoureallywantalistmadeupof1,2,and3,youneedtodooneof
thesethings,instead:

user=>(11ist123)

(123)

user=>"'(123)

(123)

Then,youcanmanipulatethelistsasusual. Thesecondformiscalled
quoting. Thefourmainoperationsforalistare first (thehead), rest (the
listminusthehead), Ilast (thelastelement),and cons (constructanew
listgivenaheadandatail):

user=>(first'(:r2d2:c3po))

1r2d2

user=>(last'(:r2d2:c3po))

:c3po

user=>(rest'(:r2d2:c3po))

(:c3po)

user=>(cons:battle-droid' (:r2d2:c3po))

(:battle-droid:r2d2:c3po)
Ofcourse,youcancombinethesewithhigher-orderfunctions,butwe’ll
waittodosountilweencountersequences.Now,let’'smovetoaclose
cousinofthelist,thevector.

Vectors

Likealist,avectorisanorderedcollectionofelements.\ebs areopti-
mizedforrandomaccess.Yalsurroundvectorswithsquarebrackets,
likethis:

user=>[:hutt:wookie:ewok]
[:hutt:wookie:ewok]

Uselistsforcodeandvectorsfordata. Y cangetvariouselements
likethis:

user=>(first[:hutt:wookie:ewok])

thutt

user=>(nth[:hutt:wookie:ewok]2)
:ewok
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user=>(nth[:hutt:wookie:ewok]0)

rhutt
user=>(last[:hutt:wookie:ewok])
rewok
user=>([:hutt:wookie:ewok]2)
rewok

Notethatvectorsarefunctions,too, takinganindexasanargument.
Yucancombinetwovectorslikethis:

user=>(concat[:darth-vader][:darth-maul])
(:darth-vader:darth-maul)

Yu mayhavenoticedthatreplprintedoutalistinsteadofavector.
ManyofthefunctionsthatreturncollectionsuseaClojureabstraction
called sequences.W  learnmoreabouttheminday2.Fornow,just
understandthatClojureisreturningasequenceandrenderingitasa
listintherepl.

Clojureletsyougetthetypicalheadandtailofavector,ofcourse:

user=>(first[:hutt:wookie:ewok])
rhutt
user=>(rest[:hutt:wookie:ewok])
(:wookie:ewok)

W usebothofthesefeaturesaswedopatternmatching. Bothlists
andvectorsareordered.Let’smoveontosomeoftheunorderedcollec-
tions,setsandmaps.

Sets

Asetisanunorderedcollectionofelements.Thecollectionhasastable
order, butthatorderisimplementation-dependent, soyou shouldn’t
countonit. Yiwrapasetin #{},likethis:

user=>#{:x-wing:y-wing:tie-fighter}
#{:x-wing:y-wing:tie-fighter}

Wecanassignthosetoavariablecalled spacecraft andthenmanipulate
them:

user=>(defspacecraft#{:x-wing:y-wing:tie-fighter})
#'user/spacecraft

user=>spacecraft

#{:x-wing:y-wing:tie-fighter}
user=>(countspacecraft)

3

user=>(sortspacecraft)
(:tie-fighter:x-wing:y-wing)
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W can also create a sorted set that takes items in any order and
returnstheminsortedorder:

user=>(sorted-set231)
#{123}

Yucanmergetwosets,likethis:

user=>(clojure.set/union#{:skywalker}#{:vader})
#{:skywalker:vader}

Orcomputethedifference:

(clojure.set/difference#{123}#{2})

I'llgiveyouonelastconvenientodditybeforeImoveon. Setsarealso
functions.Theset #{:jarjar,.chewbacca} isanelementbutalsoafunc-
tion.Setstestmembership,likethis:
user=>(#{:jar-jar:chewbacca}:chewbacca)

:chewbacca

user=>(#{:jar-jar:chewbacca}: Tuke)

nil

Whenyou use a setas a function, the function will return the first
argument if that argument is a member of the set. That covers the
basicsforsets.Let’smoveontomaps.

Maps
Asyouknow,amapisakey-valuepair.UsingClojure,you’llrepresent
amapwithcurlybraces,likethis:

user=>{:chewie:wookie:Tea:human}
{:chewie:wookie, :lea:human}

These are examples of maps, key-value pairs, but they are tough to
read.Itwouldbehardtoseeanoddnumberofkeysandvalues,leading
toanerror:

user=>{:jabba:hut:han}
java.lang.ArrayIndexOutOfBoundsException:3

Clojure solves this problem by allowing commas as whitespace, like
this:

user=>{:darth-vader"obiwan", : Tuke"yoda"}
{:darth-vader"obiwan", : Tuke"yoda"}

Awordprecededwith :isakeyword,likesymbolsinRubyoratomsin
PrologorErlang.Clojurehastwokindsofformsthatareusedtoname
thingsinthisway, keywords and symbols.Symbolspointtosomething
else,andkeywordspointtothemselves. frue and mgp aresymbols.Use
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keywordstonamedomainentitiessuchasapropertyina ngp asyou
wouldusean afom inErlang.
Let’'sdefineamapcalled  mentors:

user=>(defmentors{:darth-vader"obiwan", : Tuke"yoda"})
#'user/mentors

user=>mentors

{:darth-vader"obiwan", : Tuke"yoda"}

Now,youcanretrieveavaluebypassingakeyasthefirstvalue:

user=>(mentors: luke)
"yoda"

Mapsarealsofunctions.Keywordsarealsofunctions:

user=>(:lukementors)
"yoda"

‘luke,thefunction,looksitselfupinamap.It’soddbutuseful. Aswith
Ruby,youcanuseanydatatypeasakeyorvalue.Andyoucanmerge
twomapswith merge:

user=>(merge{:y-wing2, :x-wing4}{:tie-fighter2})
{:tie-fighter2, :y-wing2, :x-wing4}

Yu canalsospecify an operator to use when a hash exists in both
maps:

user=>(merge-with+{:y-wing2, :x-wing4}{:tie-fighter2:x-wing3})
{:tie-fighter2, :y-wing2, :x-wing7}

Inthiscase,wecombinedthe 4 andthe 3 valuesassociatedwiththe x-
wing keyswith +.Givenanassociation,youcancreateanewassociation
withanewkey-valuepair,likethis:

user=>(assoc{:onel}:two2)
{:two2, :onel}

Yu cancreateasortedmapthattakesitemsinanyorderandspits
themoutsorted,likethis:

user=>(sorted-mapl:one,3:three,2:two)
{1:0ne,2:two,3:three}

We  graduallyaddingmorestructuretodata.Now,wecanmoveonto

theformthataddsbehavior,thefunction.

DefiningFunctions

FunctionsarethecenterpieceofallkindsofLisps.Use defn todefinea
function.
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user=>(defnforce-it[] (str"Usetheforce,""Luke."))
#'user/force-it

Thesimplestformis (defn [params] body). W definedafunctioncalled
(113 with no parameters. The function simply concatenated two
stringstogether.Callthefunctionlikeanyother:

user=>(force-it)
"Usetheforce,Luke."

Ifyouwant,youcanspecifyanextrastringdescribingthefunction:

user=>(defnforce-it
"ThefirstfunctionayoungJedineeds"

[]
(str"Usetheforce,""Luke™))

Then,youcanrecalldocumentationforthefunctionwith doc:

user=>(docforce-it)

user/force-it

(n
ThefirstfunctionayoungJedineeds
nil

Let’'saddaparameter:

user=>(defnforce-it
"ThefirstfunctionayoungJledineeds"
[jedi]
(str"Usetheforce,"jedi))

#'user/force-it

user=>(force-it"Luke")

"Usetheforce, Luke"

Bytheway, youcanusethis doc featureonanyotherfunctionthat
specifiesadocumentationline:

user=>(docstr)

clojure.core/str

([1Ix1[x&ys1)
Withnoargs, returnstheemptystring.Withoneargx, returns
x.toString(). (strnil)returnstheemptystring.Withmorethan
onearg, returnstheconcatenationofthestrvaluesoftheargs.

nil

Nowthatyoucandefineabasicfunction,let’smoveontotheparameter
list.
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Bindings
Asinmostoftheotherlanguageswe’velookedatsofar,theprocessof
assigningparametersbasedontheinboundargumentsiscalled bind-
ing. One of the nice things about Clojureisits ability to access any
portionofanyargumentasaparameter. Forexample, sayyouhada
line,representedasavectorofpoints,likethis:

user=>(def1ine[[00][1020]1)

#'user/Tine

user=>1line
[[00][1020]]

Yacouldbuildafunctiontoaccesstheendoftheline,likethis:

user=>(defnline-end[1n](last 1n))
#'user/Tine-end
user=>(1line-endline)

[1020]

Butwedon’treallyneed thewholeline.ltwouldbenicertobind our
parametertothesecondelementoftheline.WhClojure,it’seasy:
(defnline-end[[_second]]second)

#'user/Tine-end

user=>(1line-endline)
[1020]

Theconceptiscalled destructuring. e takingadatastructureapart
andgrabbingonlythepiecesthatareimportanttous.Let’stakeacloser
lookatthebindings.W have [[_second ]].Theouterbracketsdefinethe
parametervector.Theinnerbracketssaywe regoingtobindtoindivid-
ualelementsofalistorvector. _ and second areindividualparameters,
butit’sidiomatictouse  _ forparametersyouwanttoignore.InEnglish,
we'resaying‘Theparametersforthisfunctionare _ forthefirstelement
ofthefirstargument,and  second forthesecond elementofthe first
argument.”

V¢ canalsonestthesebindings.Let’ssaywehaveatic-tac-toeboard,
andwewanttoreturnthevalueofthemiddlesquare. W represent
theboardasthreerowsofthree,likethis:

user=>(defboard[[:x:0:x][:0:x:0][:0:x:0]])
#'user/board

Now,wewanttopickupthesecondelementofthesecondrowofthree,
likethis:

user=>(defncenter[[_[_c_]_]]c)
#'user/center
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Beautiful! We essentially nesting the same concept. Let’s break it
down.Thebindingsare [_[_c_]_]].W bind one parameter to the
inboundargument, [_[_c_ ]_].Thatparametersaysweregoingtoignore
thefirstandthirdelements,whicharethetopandbottomrowsinour
tic-tac-toeboard. W focusonthemiddlerow,whichis [c_ . W
expectinganotherlistandgrabbingthecenterone:

user=>(centerboard)

X

W cansimplify thatfunctioninacoupleofdifferentways. First, we
don’thave tolist any of the wildcard arguments that come after the
targetarguments:

(defncenter[[_[_c]l]l]c)

Next, destructuring can happenin the argumentlistoralsoina let
statement.InanyLisp,you’lluse let tobindavariabletoavalue.Vé
coulduse let tohidethedestructuring from the clients ofthe center
function:

(defncenter[board]

(let[[_[_c]]board]c))

let takestwoarguments.Firstisavectorwiththesymbolyouwantto
bind( [[_ [_c]])followedbythevalue( board)thatyouwantbound.Next
issomeexpressionthatpresumablyusesthatvalue(wejustreturned
c).Bothformsproduceequivalentresults.Italldependsonwhereyou
wantthedestructuringtohappen.I'llshowyouacoupleofbriefexam-
plesusing let,butunderstandthatyoucouldalsousethemwithinan
argumentlist.

Yaucandestructureamap:

user=>(defperson{:name"Jabba":profession"Gangster"})
#'user/person

user=>(let[{name:name}person] (str"Theperson'snameis'name))
"Theperson'snameisJabba"

Yacanalsocombinemapsandvectors:

user=>(defvillains[{:name"Godzilla":size"big"}{:name"Ebola":size"smal1"}])
#'user/villains

user=>(let[[_{name:name}]villains] (str''Nameofthesecondvillain:"name))
"Nameofthesecondvillain:Ebola"

W boundtoavector, skippingthefirstand pickingoutthename of
thesecondmap. Yu canseetheinfluenceofLisponPrologand, by
extension,Erlang.Destructuringissimplyaformofpatternmatching.
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AnonymousFunctions

InLisp, functionsarejustdata. Higher-orderfunctionsarebuiltinto
thelanguagefromthe ground upbecausecodeisjustlikeanyother
kindofdata.Anonymousfunctionsletyoucreateunnamedfunctions.
It'safundamental capability foreverylanguagein this book. In Clo-

jure, you’lldefine a higher-order function with the fn function. Typi-
cally,you'llomitthename,sotheformlookslike (fn [parameters™] body).
Let’stakeanexample.

Let’suseahigher-orderfunctiontobuildalistofwordcounts,givena
listofwords.Let’'ssaywehavealistofpeople’snames:

user=>(defpeople["Lea","HanSol0"])
#'user/people

W cancomputethelengthofonewordlikethis:

user=>(count"Lea")
3

W canbuildalistofthelengthsofthenames,likethis:

user=>(mapcountpeople)

(38)

Yoe seenthese conceptsbefore. count inthis contextisahigher-
order function.InClojure, thatconceptiseasybecauseafunctionis
alist,justlikeanyotherlistelement. Yu canusethesamebuilding
blockstocomputealisthavingtwicethelengthsofpersonnames,like

this:

user=>(defntwice-count[w]( x 2(countw)))

#'user/twice-count

user=>(twice-count"Lando")

10

user=>(maptwice-countpeople)
(616)

Sincethatfunctionissosimple,wecanwriteitasananonymousfunc-
tion,likethis:

user=>(map(fnw] ( % 2(countw)))people)
(616)

W canalsouseashorterform:

user=>(map#( = 2(count®%))people)
(616)

Whtheshortform, #definesananonymousfunction, with%bound
toeachitemofthesequence. # iscalleda mdrmacro
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Anonymous functions give you convenience and leverage to create a
function that doesn’t need a name right now . Yaee seen them in
otherlanguages.Herearesomeofthefunctionsoncollectionsthatuse
higher-orderfunctions.Forallofthesefunctions,we'regoingtousea
commonvector,called v:

user=>(defv[312])
#'user/v

W usethatlistwith severalanonymous functionsin the following
examples.

apply

apply appliesafunctiontoanargumentlist. (applyf'(xy)) workslike (f
xy) ,likethis:

user=>(apply+v)

6

user=>(applymaxv)
3

filter

The filter functionworkslike find_all in Ruby. Ittakesafunctionthat
isatestandreturnsthesequenceofelementsthatpassthetest. For
example,togetonlytheoddelementsortheelementslessthan3,use

this:

user=>(filterodd?v)

D

user=>(filter#(<%3)Vv)

12)

W takeadeeperlookatsomeoftheanonymousfunctionsaswelook
deeperintoClojuresequences.Fornow,let’stakeabreakandseewhat
RichHickey,creatorofClojure,hastosay.

InterviewwithRichHickey,CreatorofClojure

RichHickeyansweredsomequestionsforthereadersofthisbook.He
hadaspecialinterestinwhythisLispversioncouldbemorebroadly
successfulthanotherLisps,sothisinterviewisalittlemoreextensive
thanmost.Ihopeyoufindhisanswersasfascinatingasldid.

Bruce Tate: WhydidyouwriteClojure?

Rich Hickey: I'mjustapractitionerwhowantedapredominantlyfunc-
tional,extensible,dynamiclanguage, withasolidconcurrencystory, for
theindustry-standardplatformsoftheJVMandCLRanddidn’tfindone.
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Bruce Tate: Whatdoyoulikeaboutitthemost?

Rich Hickey: lliketheemphasisonabstractionsinthedatastructures
and library and the simplicity. Maybe that’s two things, but they are
gtel

Bruce Tate: What featurewould youchange ifyou could start over
again?

Rich Hickey: [I'dexploreadifferentapproachtonumbers.Boxednum-
bersarecertainlyasorespotontheJVM. Thisisanarealamactively
workingon.

Bruce Tate: What'sthemostinteresting problemyou’ve seen solved
withClojure?

Rich Hickey: IthinkFlightcaster ° (aservicethatpredictsflightdelays
ineldtime)leveragesmanyaspectsofClojure—fromusingthesyntactic
abstractionofmacrostomakeaDSLforthemachinelearningandsta-
tisticalinferencebitstotheJavainterop forworkingwithinfrastructure
likeHadoopandCascading.

Bruce Tate: ButhowcanClojurebemorebroadlysuccessfulwhenso
manyotherdialectsofLisphavefailed?

Rich Hickey: Thisisanimportantquestion!I'mnotsurelwouldchar-
acterizethemajordialectsofLisp(SchemeandCommonlLisp)ashaving
Jfailedattheirmissions.Schemewasanattemptataverysmalllanguage
thatcapturedtheessentials ofcomputation, while CommonLisp strove
tostandardizethemanyvariantdialectsofLispbeingusedineserh

They have failedtocatchonas practicaltools forgeneral-purpose pro-
ductionprogramming by developersinindustry, somethingthatneither
wasdesignedtobe.

Clojure,ontheotherhand, isdesignedtobeapracticaltoolforgeneral-
purposeproductionprogrammingbydevelopersinindustryandassuch

addsthese additional objectives tothe Lisps of old. & work betterin
teams,weplaywellwithotherlanguages,andwesolvesometraditional
Lispproblems.

Bruce Tate: HowdoesClojureworkbetterinateamsetting?

Rich Hickey: ThereisasenseinwhichsomeLispsareallaboutmax-
imallyempoweringtheindividualdeveloper, butClojurermgiesthat

3. http://www.infoq.com/ articles/flightcaster-clojure-rails
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developmentis ateameffort. Forexample, itdoesn’t supportuser-de-
fined mdr macros, which could lead to code being written in small
incompatiblemicro-dialects.

Bruce Tate: Whydidyouchoosetorunonexistingvirtualmachines?

Rich Hickey: Theexistenceoflargeanduvaluablecodebasesuwritten
inotherlanguagesisafactoflifetodayandwasn’twhentheolderLisps
were invented. The ability to call and be called by other languages is
critical,especiallyontheJVMandCLR. 4

Thewholeideaof standard multilanguage platforms abstractingaway
the host OS barely existed when the older Lisps were invented. The
industryisordersofmagnitudelargernow,anddefactostandardshave
arisen.Technically,thestratificationthatsupportstheresgofcoretech-
nologieslikesophisticatedgarbagecollectorsanddynamiccompilerslike
HotSpotis agood thing. So, Clojure emphasizes language-on-platform
ratherthanlanguage-is-platform.

Bruce Tate: Fairenough.ButhowisthisLispanymoreapproachable?

Rich Hickey: LotsofessForexample, wewantedtodeal with

the parentheses “problem.” Lisp programmers know the value of code-
is-data, butitis wrongtosimply dismissthosewhoareputoffbythe
parentheses. Idon’t think moving from totabaz) to (foobarbaz) is
difficult for developers. Butldid take a hard look at the parentheses
useintheolder Lisps to see whether the story could be better, and it
could.OlderLispsuseparenthesesforeverything.Wedon't. Andinolder
Lisps,therearesimplytoomanyparentheses.Clojuretakestheopposite
approach, doingawaywiththegroupingparentheses, makingitslightly
harderformacrowritersbuteasierforusers.

The combination of fewer parentheses and almost no overloading of
parentheses mdss Clojure much easier to scan, visually parse, and
understandthanolderLisps.Leadingdoubleparenthesesaremorecom-
monindJava code, the horrid ((AType)athing).amethod(), thanin Clojure
code.

WhatWelLearnedinDay 1

ClojureisafunctionallanguageontheJVM.LikeScalaandErlang,this
Lispdialectisafunctionallanguagebutnotapurefunctionallanguage.
Itallowslimitedsideeffects. UnlikeotherLispdialects,Clojureaddsa

4. Microsoft’'scommonlanguageruntime,avirtualmachineforthe.NETplatform
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littlesyntax, preferringbracesformapsandbracketsforvectors. Yu
canusecommasforwhitespaceandomitparenthesesinsomeplaces.

Ve learnedtousethebasicClojureforms.Thesimplerformsincluded
booleans, characters, numbers, keywords, and strings. W alsobroke
into the various collections. Lists and vectors were ordered contain-

ers with vectors optimized for random access and lists optimized for
ordered traversal. W  also used sets, or unordered collections, and
maps,whichwerekey-valuepairs.

W defined somenamed functions, providinganame, parameterlist,
and function body with an optional documentation string. Next, we
used deconstruction with bindings, allowing us tobind any parame-
tertoanypartofaninboundargument. Thefeaturewasreminiscent
ofPrologorErlang.Finally,wedefinedsomeanonymousfunctionsand
usedthemtoiterateoveralistwiththemapfunction.

On day 2, we’lllook at recursion in Clojure, a basic building block

in most functional languages. W alsolook at sequences and lazy
evaluations,somecornerstonesoftheClojuremodelsthathelplayera
common,powerfulabstractionontopofcollections.

Now,we’lltakeabreaktoputintopracticewhatyou'velearnedsofar.

Day1Self-Study

Clojure is anewlanguage, but you'll still find a surprisingly active,
andgrowing, community. TheywereamongthebestthatIfoundasI
researchedthisbook.

Find:

¢ ExamplesusingClojuresequences

¢ TheformaldefinitionofaClojurefunction

¢ Ascriptforquicklyinvokingthereplinyourenvironment
Do:

¢ Implementafunctioncalled  (bigstn) thatreturnstrueifastring st
islongerthan n characters.

e Wk afunctioncalled (collection-typecol) thatreturns :list, :map,
or :vector basedonthetypeofcollection col.
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7.3 Day2:Y oda andtheForce

As a Jedi master, Ysh trained apprentices to use and understand
theForce, theunifyingpresencebetweenalllivingthings.Inthissec-

tion, we getto the concepts fundamentalto Clojure. W talkabout
sequences,theabstractionlayerthatunifiesallClojurecollectionsand
tiesthemtoJavacollections. W alsolookatlazyevaluation,thejust-
in-timestrategythatcomputessequencemembersonlywhenyouneed
them.Andthenwe’lllookatthatmysticallanguagefeaturethatisthe
ForceforallLisps,themacro.

Recursionwithloopandrecur

Asyou'velearnedinotherlanguagesinthisbook,functionallanguages
dependonrecursionratherthaniteration. Here’sarecursiveprogram
toevaluatethesizeofavector:
(defnsize[v]
(if(empty?v)
0
(inc(size(restv)))))

(size[123])

It'snothardtounderstand. Thesizeofanemptylistiszero; thesize
ofanotherlistisonemorethanthesizeofthetail. We seensimilar
solutionsforotherlanguagesthroughoutthisbook.

Yakalsolearnedthatstackscangrow, sorecursivealgorithmswill
continue to consume memory until all memory is exhausted. Func-
tionallanguageswork around thislimitation with tailrecursion opti-
mization.Clojuredoesnotsupportimplicittailrecursionoptimization
because oflimitations ofthe JVM. Ya1 mustexplicitlyrecurthrough
theuseof loop and recur.Thinkofaloopasa let statement.

(loop[xx-initial-value,yy-initial-value] (do-something-withxy))
Initially,givenavector, loop bindsthevariablesintheevenpositionsto

thevaluesintheoddpositions.Infact,ifyoudon’tspecifya recur, loop
worksexactlylikea let:

user=>(loop[x1]x)
1

The function recur willinvoke theloop againbut thistime pass new
values.
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Let’srefactorthe size functiontouse recur:

(defnsize[v]
(Toop[1v,c0]
(ifCempty?1)
C
(recur(rest1) (incc)))))

Inthesecondversionof size,we’llusethetail-recursion-optimized loop
and recur. Sincewe won'tactuallyreturnavalue, we’'ll maintain the
resultinavariablecalledan accumulator.Inthiscase, ¢ willmaintain
acount.

Thisversionworkslikeatail-optimizedcall,butwe restuckwithmore
kludgylinesofcode. Sometimes, theJVMisadouble-edged sword. If
youwantthecommunity,youneedtodealwiththeproblems.Butsince
thisfunctionisbuiltintosomebasiccollection APIs, youwon’t often
needtouse recur.Also, Clojuregivesyou some excellentalternatives
torecursion, including lazy sequences that we’ll get to later in this
chapter.

Whday2’sbadnewsoutoftheway,we'refreetoshifttomorepleas-
antmatters. Sequenceswillstarttotakeusintosomeofthefeatures
thatmakeClojurespecial.

Sequences

Asequenceisanimplementation-independentabstractionaround all
thevarious containersin the Clojure ecosystem. Sequences wrap all
Clojurecollections(sets,maps,vectors,andthelike),strings,andeven
filesystemstructures(streams, directories). Theyalsoprovideacom-
monabstractionforJavacontainers,includingJavacollections,arrays,
andstrings.Ingeneral, ifitsupportsthefunctions first, rest,and cons,
youcanwrapitinasequence.

Earlier, when you were working with vectors, Clojure sometimes re-
spondedwithalistintheconsolelikethis:

user=>[123]

[123]

user=>(rest[123])

@23

Noticethatwestartedwithavector.Theresultisnotalist.replactually
respondedwithasequence. Thatmeanswecantreatallcollectionsina
genericway.Let’slookatthecommonsequencelibrary.It’stoorichand
powerfultocoverentirelyinonesectionofachapter,butl'litrytogive
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youaflavorofwhat’savailable.I'mgoingtocoversequencefunctions
thatchange,test,andcreatesequences,but’'mgoingtotouchonthem
onlybriefly.

B

When you want to test a sequence, you will use a function called a
predicate. These take a sequence and a test function and return a
boolean. eg? returns frue ifthe test functionis true for all items
inthesequence:

user=>(every?number?[123:four])
false

So,oneoftheitemsisnotanumber. some istrueifthetestistruefor
anyoftheitemsinthesequence: 5

(somenil?[12ni1])
true

Oneoftheitemsis  nil. not-every? and not-any? aretheinverses:

user=>(not-every?odd?[135])

false
user=>(not-any?number?[:one:two:three])
true

Thesebehaveexactlyasyouwouldexpect.Let’sshifttofunctionsthat
changesequences.

ChangingaSequence

The sequence library has anumber of sequences that transform se-
quences in various ways. Yae already seen filter. To grab only the
wordswithalengthgreaterthanfour,usethis:
user=>(defwords["Tuke""chewie""han""lando"])

#'user/words

user=>(filter (fn[word] (>(countword)4))words)
("chewie""Tando")

Andyou'vealsoseen nmp ,whichcallsafunctiononalltheitemsina
collectionandreturnstheresults.Yscanbuildasequenceofsquares
ofallitemsinavector:

user=>(map(fn[x]( # xx))[11235])
(114925)

5. Moreprecisely, some returnsthefirstvaluethatisnot nil or & .Forexample, (some
first [[] [1]]) returns 1.
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Thelistcomprehensioncombinesmapsandfilters,asyousawinEr-
langandScala.Recallthatalistcomprehensioncombinesmultiplelists
andfilters, takingthepossiblecombinationsofthelistsand applying
thefilters.First,let’stakeasimplecase.Wehaveacoupleoflists, colors
and toys:

user=>(defcolors["red""bTue"])

#'user/colors

user=>(deftoys["block""car"])
#'user/toys

W canapplyafunctiontoallthe colorswith alist comprehension,
similartothewayamapworks:

user=>(for[xcolors](str"ITike"x))
("ITikered""ITikeblue™)

[xcolors | binds x toanelementfromthecolorslist. (str'like’x)  isanarbi-
traryfunctionthat’sappliedtoevery x from colors.Itgetsmoreinterest-
ingwhenyoubindtomorethanonelist:

user=>(for[xcolors,ytoys] (str"Ilike"x""y"s"))

("ITikeredblocks""ITikeredcars"
"ITikebTuebTocks""ITikebTluecars™)

The comprehension created every possible combination from the two
lists. W canalsoapplyafilterwiththe ‘when keywordinthebindings:
user=>(defnsmall-word?[w] (<(countw)4))

#'user/small-word?

user=>(for[xcolors,ytoys, :when(small-word?y)]

(str"T1ike"x""y"s"))
("ITikeredcars""ITikebTluecars™)

Veéwroteafiltercalled  small-word? . Anywordthatislessthanfourchar-
actersissmall. W  appliedthe small-word? filterto y with :when(small-
waPy) W gotallpossibilitiesof (x,y) ,where x isamemberof colors, y
isamemberof toys,andthesizeof vy islessthanfourcharacters.The
codeisdensebutexpressive. That’'sanideal combination. Let’smove

on.

Yoeseen @ ,f@H ,and inject inErlang,Scala,andRuby.InLisp,
theequivalentis reduce.Tocomputeaquicktotalorfactorial,usethis:
user=>(reduce+[1234])

10

user=>(reduce = [12345])
120
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Yaicansortalist:

user=>(sort[3124])
(1234)

andsortontheresultofafunction:

user=>(defnabs[x] (if(<x0) (-x)x))

#'user/abs

user=>(sort-byabs[-1-432])

(-123-4)

W defineafunctioncalled abs tocomputeanabsolutevalueandthen
usethatfunctionin our sort. These are some of the mostimportant
sequence transformation functionsin Clojure. Next, we’llmove on to
functionsthatcreatesequences,buttodothat,you’regoingtohaveto
getalittlelazier.

LazyEvaluation

Inmathematics, infinitesequencesofnumbersareofteneasiertode-
scribe.Infunctionallanguages,you’doftenliketohavethesameben-
efits,butyoucan’tactuallycomputeaninfinitesequence.Theanswer
islazyevaluation. Usingthisstrategy, Clojure’ssequencelibrarycom-
putesvaluesonlywhentheyareactuallyconsumed. Infact, mostse-
quences are lazy. Let’s walk through creating some finite sequences
andmoveintolazysequences.

FiniteSequenceswithrange

UnlikeRuby, Clojuresupportsrangesasfunctions. Arangecreatesa
sequence:

user=>(rangell0)
(123456789)

Notethattheupperboundisnotinclusive. Thesequencedidnotin-
clude10.Yacanspecifyanyincrement:

user=>(rangell03)
(147)

Yudon’thavetospecifythelowerboundifthereisnoincrement:

user=>(rangel0)
(0123456789)

Zeroisthedefaultlowerbound.Thesequencescreatedwithrangeare
finite. Whatifyouwanted tocreateasequencewithno upperbound ?
Thatwouldbeaninfinitesequence.Let’sfindouthow.
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InfiniteSequencesandtake

Let’s start with the most basic of infinite sequences, an infinite se-
quence of onerepeated element. W canspecify (repeat1) .Ifyoutry
itintherepl,you’llget 1suntilyoukilltheprocess. Clearly, weneed
somewaytograbonlyafinitesubset. Thatfunctionis take:

user=>(take3(repeat"UsetheForce,Luke™))
("UsetheForce,Luke""UsetheForce, Luke""UsetheForce, Luke™)

So,wecreatedaninfinitesequenceoftherepeatedstring "UsetheForce,
Luke",andthenwetookthefirstthree.Yaicanalsorepeattheelements
inalistwith ok

user=>(take5(cycle[:1ather:rinse:repeat]))
(:Tlather:rinse:repeat:lather:rinse)

We  takingthefirstfiveelementsofthecyclefromthevector [lather
rrinse :repeat |. Fair enough. W can drop the first few elements of a
sequenceaswell:

user=>(take5(drop2(cycle[:1ather:rinse:repeat])))
(:repeat:lather:rinse:repeat:lather)

Wikig fromtheinsideout,weagainbuildacycle,dropthefirsttwo,
andtakethefirstfiveafterthat.Butyoudon’'thavetoworkinsideout.
Yucanusethenewleft-to-rightoperator( ->>)toapplyeachfunction
toaresult:

user=>(->>[:lather:rinse:repeat] (cycle) (drop2) (take5))
(:repeat:lather:rinse:repeat:lather)

So,wetakeavector,buildasequencewithcycle,drop2,andthentake
5.Sometimes,left-to-rightcodeiseasiertoread. Whatifyouwantedto
addsomekindofseparatorbetweenwords?Yaluse inferpose:

user=>(take5(interpose:and(cycle[:Tather:rinse:repeat])))
(:lather:and:rinse:and:repeat)

We  takingthekeyword :and andplacingitbetweenalltheelements
ofaninfinitesequence.Thinkofthisfunctionlikeageneralizedversion
ofRuby’s join. Whatifyouwantedaninterposethattookinterposing
membersfromasequence?That’s interleave:

user=>(take20(interleave(cycle(range2)) (cycle(range3))))
(00110210011200110210)

We interleaving two infinite sequences, (cycle (range2)) and (cycle
(ranged)) .Then,wetakethefirst20.Asyoureadtheresult,evennum-

bersare (0101010101) ,andoddnumbersare (0120120120)
Beautiful.
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The iterate functionprovidesanotherwayofcreatingsequences.Check
outtheseexamples:

user=>(take5(iterateincl))

(12345)

user=>(take5(iteratedec0))

(0-1-2-3-4)

iterate takesafunction and a starting value. iterate then applies the
function to the starting value repeatedly. In these two examples, we
called inc and dec.

Here’san example that calculates consecutive pairsin the Fibonacci
sequence.Remember,eachnumberofasequenceisthesumofthelast
two. Givenapair, [ab ], wecangeneratethenextwith [b.a+b ]. W
can generate an anonymous function to generate one pair, given the
previousvalue,likethis:

user=>(defnfib-pair[[ab]] [b(+ab)])

#'user/fib-pair

user=>(fib-pair[35])

[58]

Next,we'lluseiteratetobuildaninfinitesequence. Don’texecutethis
yet:

(iteratefib-pair[11])

W use mp tograbthefirstelementfromallofthosepairs:

(map
first
(iteratefib-pair[11]))

That’saninfinitesequence.Now,wecantakethefirst5:

user=>(take5
(map
first
(iteratefib-pair[11])))
(11235)

Orwecangrabthenumberatindex500,likethis:
(nth(mapfirst(iteratefib-pair[11]))500)
(225...morenumbers...626)

Theperformanceisexcellent. Usinglazysequences,youcanoftende-
scriberecursiveproblemslikeFibonacci.Factorialisanotherexample:
user=>(defnfactorialln] (apply * (taken(iterateincl))))
#'user/factorial

user=>(factorial5)
120
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W grabnelementsfromtheinfinitesequence (iterateinc1) .Thenwe
takenofthemandmultiplythemtogetherwith apply *.Thesolutionis
deadsimple.Nowthatwe'vespentsometimewithlazysequences,it’s
timetoexplorenewClojurefunctionscalled defrecord and protocol.

defrecordandprotocols

So far, we've talked about Java integration at a high level, but you
haven’tseenmuchoftheJVMbleed throughtotheClojurelanguage.
Whenallissaidanddone,theJVMisabouttypesandinterfaces. (For
younon-Javaprogrammers, think oftypes asJava classes. Think of
interfacesasJavaclasseswithoutimplementations.)TomakeClojure
integratewellwiththeJVM, theoriginalimplementationhasasignifi-
cantamountofJavainit.

AsClojurepickedupmorespeedandbegantoproveitselfasaneffec-
tiveJVM language, there was a strong thrust toimplement more of
ClojureinClojureitself. Todoso, Clojuredevelopersneededawayto

build platform-fast open extensions by programming to abstractions
ratherthanimplementations. Theresultsare defrecord fortypesand
protocol, which groupsfunctionstogetheraroundatype. FromaClo-
jureperspective,thebestpartsofOOaretypesandprotocols(suchas
interfaces), and theworst parts areimplementationinheritance. Clo-
jure’s defrecord and protocol preservethegoodpartsof OO andleave
therest.

Asthisbookisbeingwritten, theselanguage featuresareimportant,
buttheyareevolving. 'mgoing toleanhard on StuartHalloway, co-

founder of Relevance and author of Programming Clojure | I, to
helpwalkthroughapracticalimplementation. We goingtogoback
to another functional language on the JVM, Scala. W rewrite the

CompassprograminClojure.Let’'sgetstarted.

First,we’lldefineaprotocol.AClojure protocol islikeacontract.Types
ofthisprotocolwillsupportaspecificsetoffunctions,fields,andargu-
ments.Here’'sa profocol describinga Compass:

Download clojure/compass.clj

(defprotocolCompass
(direction[c])
(Teft[cD)
(right[cl))

This protocol defines an abstraction called Compaoss and enumerates
thefunctionsthata Compass mustsupport— direction, left,and right with
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thespecifiednumberofarguments. W arenowfreetoimplementthe
protocolwith defrecord.Next,we'llneedthefourdirections:

(defdirections[:north:east:south:west])

W needafunctiontohandleaturn.Recallthatourbasedirectionis
aninteger, 0, 1, 2,and 3 represent :north, :east, :south,and :west,respec-
tively.Every 1 youaddtothebasewillmovethecompassninetydegrees

to theright. W take the remainder of the  base/4 (more precisely,
base/number-of-directions) so that we’ll wrap around correctly from
‘west to :north,likethis:

(defnturn

[baseamount]
(rem(+baseamount) (countdirections)))

Theturnworks,justasyou’dexpect.I'llloadthecompassfileandthen
usethe turn functions:

user=>(turnll)

2

user=>(turn3l)

0

user=>(turn23)
1

Saidanotherway,turningrightoncefrom :east givesyou :south,turning
rightoncefrom :west givesyou :north,andturningrightthreetimesfrom
:south givesyou :east.

It’'stimetoimplementtheprotocol. & dothatwith defrecord. W  do
thatinpieces.First,weuse  defrecord todeclarewe’reimplementingthe
protocol,likethis:

(defrecordSimpleCompass[bearing]
Compass

We  defininganewrecordcalled  SimpleCompass.Ithasonefieldcalled
bearing.Next, wewillimplementthe Compass protocol,beginningwith
the direction function:

(direction[_](directionsbearing))
The direction functionlooksuptheelementof directions atthe bearing
index.Forexample, (directions3) returns :west. Eachargumentlisthas

areferencetotheinstance(e.g., self inRubyor this inJava),butwe’re
notusingit,soweadd  _ toourargumentlist.Next,ontoleftandright:

(Teft[_](SimpleCompass. (turnbearing3)))
(right[_](SimpleCompass. (turnbearingl)))
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Remember,inClojure,we'reusingimmutablevalues. Thatmeansthat
turningwillreturnanew, modifiedcompassratherthanchangingthe
existingcompassinplace.Both  left and right usesyntaxthatyouhave
notseenbefore. (Somelype.arg) meansfiretheconstructorfor  Simple-
Compass,binding arg tothefirstparameter.Yucanverifythatentering
(String."newstring”)  intothereplreturnsthenewstring "newstring” .

So,the left and right functionsareeasy. Eachreturnsanewcompass
withtheappropriatebearing,configuredforthenewbearing,usingthe

turn functionwedefined earlier. right turnsrightninety degreesonce,
and left turnsrightninetydegreesthreetimes. Sofar,wehaveatype
SimpleCompass thatimplementsthe Compass protocol. ¢ justneeda
functionthatreturnsastringrepresentation,but toString isamethod
on java.lang.Object. That'seasyenoughtoaddtoourtype.

Object
(toString[this](str "[" (directionthis) "J")))

W thenimplementpartofthe  Object protocolwiththe toString method,
returningastringthatlookslike SimpleCompass [:north].

Now,thetypeiscomplete.Createanewcompass:

user=>(defc(SimpleCompass.0))
#'user/c

Turnsreturnanewcompass:

user=>(leftc);returnsanewcompass
#:SimpTleCompass{:bearing3}

user=>c;originalcompassunchanged
#:SimpTeCompass{:bearing0}

Noticethattheoldcompassisunchanged. Sincewe’redefiningaJVM
type,youcanaccessallfieldsasJavafields. Butyoucanalsoaccess
thefieldsinthetypeasClojuremapkeywords:

user=>(:bearingc)
0

Becausethesetypesworklikemaps,youcaneasilyprototypenewtypes
asmapsanditerativelyconvertthemtotypesasyourdesignstabilizes.
Yu canalsoreplacetypesasmapsinyourtestsasstubsormocks.
Thereareotherbenefitsaswell:

¢ TypesplaynicewithotherClojureconcurrencyconstructs.Inday
3,we’lllearnhowtocreatemutablereferencesofClojureobjects
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inwaysthatmaintaintransactionalintegrity, muchlikerelational
databasesdo.

*W implementeda protocol,butyou’renotlimitedtothenewway
of doing things. Since we're building JVM types, the types can
interoperatewithJavaclassesandinterfaces.

Wh defrecord and protocol, Clojure offers the ability to build native
codefortheJVM,withoutJava.Thiscodecanfullyinteractwithother
typesontheJVM, includingJava classes orinterfaces. Yal canuse
themtosubclassJavatypesorimplementinterfaces.Javaclassescan
alsobuildonyourClojuretypes.Ofcourse, thisisnottheentireJava

interop story, butit’s an important part. Now thatyou’ve learned to
extendJava,let’'slearnhowtoextendtheClojurelanguageitselfwith

macros.
Macros

Forthissection,we'regoingtorefertothelochapter. implemented
theRuby unless inSection3.3, Messages,onpage79.Theformis (unless

testtm) .Thefunctionwillexecute &ml ifthe testis & .W can’t
simplydesignafunction,becauseeachparameterwillexecute:
user=>;Brokenunless

user=>(defnunless[testbody] (i f(nottest)body))

#'user/unless

user=>(unlesstrue(printin"Danger,dangerWillRobinson"))
Danger,dangerWilTRobinson

nil

Ve discussedthisprobleminlo. Mostlanguages execute parameters
firstandthenputtheresultsonthecallstack.Inthiscase,wedon’t
wanttoevaluatetheblockunlesstheconditionisfalse.Inlo,thelan-
guagecircumventedthisproblembydelayingtheexecutionofthe unless
message. InLisp, wecanusemacros. Whenwetype (unlesstestbody) ,
wewantLisptotranslatethatto (iftnottesbbody) .Macrostotherescue.

AClojureprogramexecutesintwostages.Macroexpansiontranslates
allmacrosinthelanguagetotheirexpandedform.Yicanseewhat's
happeningwithacommandcalled  nomepad e alreadyuseda
coupleofmacros,called mdrmacros .Asemicolon( ;)isacomment,a
singlequotemark( ‘)isaquote,andanumbersign( #)isananonymous
function.Topreventprematureexecution,we’llputaquoteinfrontof
theexpressionwewanttoexpand:

user=>(macroexpand''something-we-do-not-want-interpreted)
(quotesomething-we-do-not-want-interpreted)
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user=>(macroexpand'#(count%))
(fn* [pl1__97] (countpl__97))

Thesearemacros.Ingeneral, macroexpansionwillletyoutreatcode
likelists. Ifyoudon’twantafunctiontoexecuterightaway, quoteit.
Clojurewillreplacetheargumentsintact.Our unless willlooklikethis:
user=>(defmacrounless[testbody]

(Tist'if(list'nottest)body))
#'user/unless

NotethatClojuresubstitutes fest and body withoutevaluating them,
butwehavetoquote if and not.W¢ alsohavetopackagetheminlists.
We  buildingalistofcodeintheexactformthatClojurewillexecute.

W can nomspad it:

user=>(macroexpand' (unlessconditionbody))
(if(notcondition)body)

Andwecanexecuteit:
user=>(unlesstrue(printin"Nomoredanger,Will."))

nil

user=>(unlessfalse(println"Now, THISisTheFORCE."))

Now, THISisTheFORCE.

nil

What we’'ve done is change the base definition of the language. W
areaddingourowncontrolstructure, withoutrequiringthelanguage
designerstoaddtheirownkeywords. Macroexpansionisperhapsthe
mostpowerfulfeatureofLisp,andfewlanguagescandoit. Thesecret
sauceistheexpressionofdataascode,notjustastring. Thecodeis
alreadyinahigher-orderdatastructure.

Let’swrapupday2.There’salotofmeathere. W shouldpausetouse
whatwe’'velearned.

WhatWelearnedinDay2

It'sbeen another packed day. Yae added atremendous set of ab-

stractionstoyourexpandingbagoftricks.Let’sreview.

First,welearnedtouserecursion.SincetheJVMdoesn’'tsupporttail-
recursionoptimization,wehadtouse loop and recur.Thatloopingcon-
struct allowed us to implement many algorithms you would usually
implementwithrecursive functioncalls, thoughthesyntaxwasmore
invasive.
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Ve alsousedsequences. Wh them, Clojure encapsulates access to
allofitscollections. Whacommonlibrary, we could apply common
strategies for dealing with collections. W& used different functions to
mutate, transform, and search sequences. Higher-order functions
addedpowerandsimplicitytothesequencelibraries.

Wh lazy sequences, we were able to add another powerful layer to
sequences.Lazysequencessimplifiedalgorithms.Theyalsoofferedde-
layed execution, potentially significantly improving performance and
looseningcoupling.

Next,wespentsometimeimplementingtypes.Vh defrecord and pro-
tocols, wewereable toimplement typesthatwerefull citizensonthe
JVM.

Finally, we used macrostoaddfeaturestothelanguage. W learned
thatthereisastep,called macroexpansion ,thatoccursbeforeClojure
implements or interprets code. W implemented unless byusingan if
functionwithinmacroexpansion.

There’salottodigest. Takesometimetousewhatyou'velearned.

Day2Self-Study

Thisdaywaspackedwithsomeofthemostsophisticatedandpower-
fulelements ofthe Clojure language. Take some time to explore and
understandthosefeatures.

Find:

* Theimplementationofsomeofthecommonlyusedmacrosinthe
Clojurelanguage

¢ Anexampleofdefiningyourownlazysequence

* Thecurrentstatusofthe defrecord and protocol features(thesefea-
tureswerestillunderdevelopmentasthisbookwasbeingdevel-
oped)

Do:
e Implementan unless withan else conditionusingmacros.

* Weatypeusing defrecord thatimplementsaprotocol.

Reporterratum

opyis (P1.0printing.October2010)


http://books.pragprog.com/titles/btlang/errata/add?pdf_page=255

DAY 3: AN EYE FOR EVvIL <« 256

7.4 Day3:AnEyetEvil

In StarWas ,Ysh  was the first to detect the evil in Darth Vadr
WhClojure,RichHickeyhasidentifiedthecoreproblemsthatplague
thedevelopmentofconcurrentobject-orientedsystems. We saidfre-
quentlythatmutablestateistheevilthatlurksintheheartsofobject-
oriented programs. We shown severaldifferentapproachestohan-
dlingmutablestate.loandScalausedtheactor-basedmodelandpro-

vided immutable constructs that gave the programmer the power to
solve those problems without mutable state. Erlang provided actors
withlightweight processes, and avirtualmachine thatallowed effec-

tive monitoring and communication, allowing unprecedented reliabil-

ity. TheClojureapproachtoconcurrencyisdifferent.Ituses software
transactionalmemory (STM).Inthissection,we’lllookatSTMandalso
severaltoolstosharestateacrossthreadedapplications.

ReferencesandbradrdMemory

Databasesusetransactionstoensuredataintegrity. Moderndatabases
useatleasttwotypesofconcurrencycontrol. Lockspreventtwocom-
peting transactions from accessing the same row at the same time.
&g usesmultipleversionstoalloweachtransactiontohavea
privatecopyofitsdata.lfanytransactioninterfereswithanother,the
databaseenginesimplyrerunsthattransaction.

LanguageslikeJavauselockingtoprotecttheresourcesofonethread

from competing threads that might corrupt them. Locking basically

puts the burden of concurrency control on the programmer. W are
rapidlylearningthatthisburdenistoomuchtobear.

LanguageslikeClojureuse softwaretransactionalmemory (STM).This
strategyusesmultipleversionstomaintainconsistencyandintegrity.
UnlikeScala,Ruby,orlo,whenyouwanttochangethestateofarefer-
enceinClojure,youmustdosowithinthescopeofatransaction.Let’s
seehowitworks.

References

InClojure,a g (shortforreference)isawrapped piece ofdata.All
accessmustconformtospecifiedrules. Inthiscase, therulesareto
supportSTM.Yaicannotchangeareferenceoutsideofatransaction.
Toseehowitworks,let’screateareference:

user=>(ref"AttackoftheClones")
#<Ref@ffdadcd: "AttackoftheClones">
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That’'snottoointeresting. W shouldassignthereferencetoavalue,
likethis:

user=>(defmovie(ref"StarWars"))
#'user/movie

Yucangetthereferenceback,likethis:

user=>movie
#<Ref@579d75ee:"StarWars">

Butwe'rereallyworriedaboutthevalueinthereference.Use deref:
user=>(derefmovie)

"StarWars"

Or,youcanusetheshortformof deref:

user=>@movie
"StarWars"

That’sbetter.Now,wecaneasilyaccessthevaluewithinourreference.
W haven’ttriedtochangethestateofthereferenceyet.Let’stry.Wh
Clojure,we'llsendafunctionthatwillmutatethevalue. Thederefer -
encedrefwillbepassedasthefirstargumentofthefunction:

user=>(altermoviestr":TheEmpireStrikesBack")
java.lang.I1legalStateException:Notransactionrunning(NO_SOURCE_FILE:0)

Asyoucansee,youcanmutatestateonlywithinatransaction.Doso
withthe dosync function.Thepreferredwaytomodifyareferenceisto
alteritwithsometransformingfunction,likethis:

user=>(dosync(altermoviestr":TheEmpireStrikesBack™))
"StarWars:TheEmpireStrikesBack"

V¢ couldalsosetsomeinitialvaluewith ref-set:

user=>(dosync(ref-setmovie"StarWars:TheRevengeoftheSith"))
"StarWars:TheRevengeoftheSith"

Yucanseethatthereferencechanged:

user=>@movie
"StarWars:TheRevengeoftheSith"

That'swhatweexpected.Thereferenceisdifferent.ltmayseempainful
tomodifymutablevariablesinthisway,butClojureisenforcingalit-
tlepolicynowtosavealotofpainlater. W& knowthatprogramsthat
behavein this mannerwill absolutely execute correctly, with respect
toraceconditionsanddeadlock. Mostofour codewillusefunctional
paradigms,andwe’llsaveSTMfortheproblemsthatcouldbenefitthe
mostfrommutability.
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WidigwithAtoms

Ifyouwant thread safety for a single reference, uncoordinated with
anyotheractivity,thenyoucanuseatoms.Thesedataelementsallow
changeoutsidethecontextofatransaction.Likeareference,aClojure
atom isanencapsulatedbitofstate.Let’stryit.Createanatom:

user=>(atom"Splitatyourownrisk.")
#<Atom@53f64158:"Splitatyourownrisk.">

Now,bindanatom:

user=>(defdanger(atom"Splitatyourownrisk."))
#'user/danger

user=>danger
#<Atom@3a56860b:"SpTitatyourownrisk.">
user=>@danger

"SpTitatyourownrisk."

Yaicanbind  danger toanewvaluewith  reset!:

user=>(reset!danger"SpTitwithimpunity")
"SpTitwithimpunity"

user=>danger
#<Atom@455fc40c:"SpTitwithimpunity">
user=>@danger

"SpTitwithimpunity"

reset! replacestheentireatom,butthepreferredusageistoprovidea
functiontotransformtheatom.Ifyou’rechangingalargevector,you
canmodifyanatominplacewith swap! likethis:
user=>(deftop-sellers(atom[]))
#'user/top-sellers
user=>(swap!top-sellersconj{:title"SevenLanguages", :author"Tate"})
[{:titTe"SevenlLanguagesinSevenWeeks", :author"Tate"}]
user=>(swap!top-sellersconj{:title"ProgrammingClojure":author"Halloway"})
[{:titTe"SevenlLanguagesinSevenWeeks", :author"Tate"}
{:title"ProgrammingClojure", :author"Halloway"}]

Aswithareference,you’llwanttocreateavalueonceandthenchange
thatvaluewith swap!.Let’'slookatapracticalexample.

BuildinganAtomCache

Now,you'veseenbothreferencesandatoms. Yiliseethesamegen-
eralphilosophywhenweworkwithHaskell. Yfuwrapabitofstatein
apackagethatyoucanlatermutatewithfunctions. Whilereferences
requiredtransactions,atomsdonot. Let’sbuildasimpleatomcache.
It’saperfectproblemforanatom.W simplyusehashestoassociate
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nameswithvalues. This exampleis provided courtesy of Stuart Hal-
lowayofRelevance, ¢ aconsultancythatprovidesClojuretrainingand
consulting.

W needtocreatethecache, and then we’llneed functions toadd
elementstothecacheandremoveelementsfromthecache.First,we’ll
createthecache:

Download clojure/atomcache.clj

(defncreate
[]
(atom{}))

We  simplycreatinganatom.W lettheclientofthisclassbindit.
Next,weneedtobeabletogetacachekey:
(defnget

[cachekey]
(@cachekey))

V¢ takethecacheandakeyasarguments.Thecacheisanatom,so
wedereferenceitandreturntheitemassociatedwiththekey.Finally,
weneedtoputaniteminthecache:
(defnput
([cachevalue-map]
(swap!cachemergevalue-map))

([cachekeyvalue]
(swap!cacheassockeyvalue)))

W defined two different functions called put. The first version uses
merge toallowustoaddalloftheassociationsinamaptoourcache.
Thesecondversionuses assoc toaddakeyandvalue.Here’sthecache
inuse.W addanitemtothecacheandthenreturnit:

(defac(create))

(putac:quote "I'myourfather,Luke." )
(printin(str "Cacheditem:" (getac:quote)))
Andtheoutput:

Cacheditem:I'myourfather,Luke.

Atomsandrefsaresimpleandsafewaystohandlemutablestate,syn-
chronously. In the next few sections, we’ll look at a couple of asyn-
chronousexamples.

6. http://www.thinkrelevance.com
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WidigwithAgents

Likean afom,anagentisawrappedpieceofdata.Likeanlofuture,the
stateofadereferencedagentwillblockuntilavalueisavailable.Users
canmutatethedataasynchronouslyusingfunctions,andtheupdates
willoccurinanotherthread.Onlyonefunctioncanmutatethestateof

anagentatatime.

Giveitatry.Let’sdefineafunctioncalled twice thatdoublesthevalue
ofwhateveryoupassin:

user=>(defntwice[x] ( % 2X))

#'user/twice

Next,we’lldefineanagentcalled  tribbles thathasaninitialvalueofone:

user=>(deftribbles(agentl))
#'user/tribbles

Now,wecanmutate fribbles bysendingtheagentavalue:

user=>(sendtribblestwice)
#<Agent@554d7745:1>

Thisfunctionwillruninanotherthread.Let’sgetthevalueoftheagent:

user=>@tribbles
2

Readingavalue fromaref, agent, oratomwillneverlock and never
block. Reads should be fast, and with the right abstractions around
them,theycanbe.Whthisfunction,youcanseethedifferenceinthe
valuesthatyoureadfromeachagent:

user=>(defnslow-twice[x]
(do
(Thread/s1eep5000)
(= 2x3))
#'user/sTow-twice
user=>@tribbles
2
user=>(sendtribblesslow-twice)
#<Agent@554d7745:16>
user=>@tribbles
2
user=>;dothisfivesecondslater
user=>@tribbles
4

Don’t get hung up in the syntax. (Thread/sleep 5000) simply invokes
Java’s sleep methodon Thread.Fornow,focusonthevalueoftheagent.
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W definedaslowerversionof twice thattookfiveseconds.Thatwas
enoughtimetoseethedifferencesin @tribbles overtimeintherepl.

So,youwillget a valueof tfribbles.Yatmightnotgetthelatestchanges
fromyour own thread. Ifyouwant tobe sure to get the latest value
witheget toyourownthread ,youcancall (awaittribbles) or (await-
& fimeout tribbles) , where timeout is a timeout in milliseconds. Keep
inmind that await and await-for block only until actions from your
thread are dispatched. This says nothing about what other threads
mayhaveaskedthethreadtodo.Ifyouthinkyouwantthelatestvalue
ofsomething, youhavealreadyfailed. Clojure’s tools involve working
withasnapshotwhosevalueisinstantaneousand potentially out-of-
dateimmediately. That’'sexactlyhowversioningdatabasesworkforfast
concurrencycontrol.

Futures

InJava,youwouldstartthreadsdirectlytosolveaspecifictask.Cer-
tainly,youcanusedJavaintegrationtostartathreadinthisway,but
there’softenabetterway.Sayyouwantedtocreateathreadtohandle
acomplexcomputationaroundabitofencapsulatedstate. Yaicould
useanagent. Orsayyouwantedtostartthecomputationofavalue,
butyoudidnotwanttoawaittheresult. Aswithlo,youcouldusea
future.Let’stakealook.

First,let’screateafuture. Thefuturereturnsareferenceimmediately:

user=>(deffiner-things(future(Thread/s1eep5000)"taketime"))
#'user/finer-things

user=>@finer-things

"taketime"

Depending on how fast you type, you may have had towait for the
result.Afuturetakesabodyofoneormoreexpressions,returningthe

valueofthelastexpression.Thefuturestartsinanotherthread.Ifyou
dereferenceit,thefuturewillblockuntilthevaluebecomesavailable.

So, afutureisaconcurrency constructthatallows anasynchronous
return before computation is complete. W can use futures to allow
severallong-runningfunctionstoruninparallel.

WhatWeeMissed

ClojureisaLisp,whichisanextremelyrichlanguageinitsownright.
It'sbasedontheJVM,whichhasmorethanadecadeofdevelopment.
Thelanguagealsomixesinsomenewandpowerfulconcepts.Itwould
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beimpossibletocoverClojureinonechapterofabook.Therearesome
piecesthatyoushouldknowabout.

Metadata

Sometimes, it’s nice to associate metadata to a type. Clojure allows
youtoattachand access metadataonboth symbols and collections.
(with-metade metadata) givesyouanew e associated withthe
metadata,usuallyimplementedasamap.

haintegration

ClojurehasexcellentJavaintegration. W touchedondJavaintegration
veryloosely,andwealsobuiltatypeontheJVM. W didnotusethe
existingJavalibrariesatall.Wé alsodidnotextensivelycovertheJava
compatibility forms. Forexample, (toUpperCase'Fred”) callsthe .toUp-
perCase memberfunctiononthestring  'Fred'.

Multimethods

Object-orientedlanguagesallowonestyleoforganizationforbehavior
anddata.Clojureallowsyoutobuildyourowncodeorganizationwith
multimethods.Yscanassociatealibraryoffunctionswithatype.Ya
canalsoimplementpolymorphismbyusingmultimethodstodomethod
dispatchbasedontype,metadata,arguments,andevenattributes.The

conceptis powerful and extremely flexible. Ya1 could implement, for
example, Java-style inheritance, prototype inheritance, or something
entirelydifferent.

ThreadState

Clojureoffersatoms,refs,andagentsforvariousconcurrencymodels.
Sometimes,youneedtostoredataperthreadinstance.Clojureallows
youtodosoquitesimplywith w .Forexample, (binding [name'value" ]
...) wouldbind name to "value" onlyforthecurrentthread

WhatWelearnedinDay3

Today, wewalkedthroughtheconcurrencystructures.Weencountered
severalinterestingconcurrencyconstructsalongtheway.

Refsallowedustoimplementmutablestatewhilemaintainingconsis-
tencyacrossthreads. W  used STM, or software transactional mem-
ory.Forourpart,weplacedallmutationstorefswithintransactions,
expressedusinga dosync function.
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Next,weusedatoms,lightweightconcurrencyconstructswithlesspro-
tectionbutasimplerusagemodel. W modifiedanatomoutsideofa
transaction.

Finally, we used agents to implement a pool that could be used to
dolong-running computations. Agents were different from Io actors,
becausewecouldmutatethevalueoftheagentwithanarbitraryfunc-
tion. Agents also returned a snapshot in time, a value that may be
changedatanytime.

Day3Self-Study

Onday2,yourfocuswasonadvancedprogrammingabstractions.Day
3brought the concurrency constructs of Clojure. In these exercises,
you’llputsomeofwhatyou’velearnedtothetest.

Find:

* Aqueueimplementationthatblockswhenthequeueisemptyand
waitsforanewiteminthequeue

Do:

* Userefstocreateavectorofaccountsin memory. Create debit
andcreditfunctionstochangethebalanceofanaccount.

In this section, I'm going to outline a single problem called sleeping
barber.ltwascreatedbyEdsgerDijkstrain1965.1thasthesecharac-
teristics:

® Abarbershoptakescustomers.

* Customersarriveatrandomintervals,fromtentothirtymillisec-
onds.

¢ Thebarbershophasthreechairsinthewaitingroom.
* Thebarbershophasonebarberandonebarberchair.

* When the barber’s chairis empty, a customer sits in the chair,
wakesupthebarber,andgetsahaircut.

e Ifthechairsareoccupied,allnewcustomerswillturnaway.
* Haircutstaketwentymilliseconds.
¢ Afteracustomerreceivesahaircut,hegetsupandleaves.

Weamultithreadedprogramtodeterminehowmanyhaircutsabar-
bercangiveintenseconds.
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7.5 WrappingUpClojure

Clojure combinesthe powerofaLisp dialectwith the convenience of
the JVM. From the JVM, Clojure benefits from the existing commu-
nity,deploymentplatform,andcodelibraries.AsaLispdialect,Clojure
comeswiththecorrespondingstrengthsandlimitations.

ThelispRoobx

Clojureisperhapsthemostpowerfulandflexiblelanguageinthisbook.
Multimethodsallowmultiparadigm code,andmacrosletyouredefine
thelanguageonthefly. Nootherlanguageinthisbook providesthis
powerful combination. That flexibility has proven tobe anincredible
strength.In HackersandPainters ,Grahamchroniclesastart-upthat
leveraged productivity with Lisp toachieve productivity thatnoother
vendors could match. Some emerging consultancies are taking the
same approach, betting that Clojure will provide a productivity and
qualityadvantagethatotherlanguagessimplycannotmatch.

Lisp’sflexibilitycanalsobeaweakness.Macroexpansionisapowerful
featureinthehandsofanexpertbutwillleadtounmitigateddisaster
withoutthe properthoughtand care. The same ability to effortlessly
apply many powerful abstractions in a fewlines of code makes Lisp
especiallydemandingforallbutthemostskilledprogrammers.

TosuccessfullyevaluateClojure,youneedtolookatLispbutalsothe
otheruniqueaspectsoftheJavaecosystemandthenewuniquefea-
tures.Let’'stakeadeeperlookatthefundamentalstrengthsofClojure.

CoreStrengths

Clojureisoneofahandfuloflanguagesvyingforthepositionasthe
next great popularlanguage on the Java virtual machine. There are
manyreasonsthatitisapowerfulcandidate.

AGoodLlisp

Tim Bray,programminglanguageexpertandsuperblogger,called Clo-
jureagoodLispinapostcalled “ElevenThesesonClojure.” 7 Infact,
hecallsClojure“thebestLispever.”IwouldagreethatClojureisavery
goodLisp.

7. http://www.tbray.org/ongoing/When/200x/2009/12/01/Clojure-Theses
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Inthischapter,yousawRichHickey’sdiscussiononwhatmakesClo-
juresuchagoodLisp:

* Reducedparentheses. Clojureimprovesreadabilitybyopeningup
thesyntaxalittle,includingbracketsforvectors,bracesformaps,
andacombinationofcharactersforsets.

® Theecosystem. Lisp’smanydialectswaterdownthesupportand
librarysetthatyoucanhaveforanysingledialect.Ironically,hav-
ingonemoredialectcanhelpsolvethatproblem.Bybeingonthe
JVM, Clojure cantakeadvantage of Java programmerswhoare
lookingformoreandthefabuloussetoflibraries.

* Restraint. ByexercisingrestraintandlimitingClojure’ssyntaxto
avoidreadermacros,HickeyeffectivelylimitedClojure’spowerbut
alsodecreasedthelikelihoodthatharmfulsplinterdialectsmight
emerge.

YumightappreciateLispasaprogramminglanguageinitsownright.
Bythatmeasure,youcanlookatClojurepurelyasanewLisp.Onthat
level,itsucceeds.

Concurrency

Clojure’sapproachtoconcurrencyhasthepotentialtochangetheway
wedesignconcurrentsystemscompletely. STMdoesplacesomeaddi-
tionalburdenondevelopersbecauseofitsnovelty butforthefirsttime,

it protects developers by detecting whether state mutations happen
withinappropriately protected functions. Ifyou'renotwithinatrans-
action,youcan’tmutatestate.

Balntegration

ClojurehasgreatintegrationwithJava.ltusessomenativetypessuch
asstringsandnumberstransparentlyandofferstypehintsforperfor-
mance.ButClojureshinesbyallowingtightJVMintegration,soClojure
typescanfullyparticipateinJavaapplications. Yil soonseemuch
moreofClojureitselfimplementedwithintheJVM.

LazyEvaluation

Clojure adds powerful lazy evaluation features. Lazy evaluation can
simplifyproblems.Yshaveseenonlyatasteothowlazysequencescan
shapethewayyouattackaproblem.Lazysequencescanreducecom-
putationoverhead significantly by delaying execution untilitisactu-
allyneededorbypreventingexecutionaltogether.Finally,lazyproblem
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solving offersjust one more tool to solve difficult problems. Yu can
often use lazy sequences to replace recursion, iteration, or realized
collections.

DataasCode

Programsarelists. AswithanyLisp,youcanrepresentdataascode.
Wikig withRubyhashelpedmeseethevalueofwritingprogramsin
programs.Ithinkthisisthemostimportantcapabilityofanyprogram-
minglanguage.Functionalprogramsallowmetaprogrammingthrough
higher-orderfunctions.Lispextendsthisideathroughevaluatingdata
ascode.

CoreWsdress

Clojureisalanguagethat’sfirmlytargetedasageneral-purpose pro-
gramminglanguage. Whetheritcanactuallybebroadlysuccessfulon
theJVMisyettobedetermined. Clojure haswonderfulabstractions
butmanyofthem.Totrulyembraceandusethosefeatureseffectively
andsafely,aprogrammerwillneedtobehighlyeducatedandextremely
talented.Herearesomeofmyconcerns.

PrefixNotation

Representingcodeinlistformisoneofthemostpowerfulfeaturesin
anyLisp,butthereisacost—prefixnotation. 8 Typicalobject-oriented
languageshaveawildlydifferentsyntax.Theadjustmenttoprefixnota-
tionisnoteasy.Itrequiresabettermemoryandrequiresadeveloper
tocomprehendcodefromtheinsideout,ratherthanoutsidein.Some-

times, IfindthatreadingClojurepushesmetowardunderstandingtoo
muchdetailtoosoon.Atbest,Lispsyntaxpushesmyshort-termmem-

ory. Wh experience, I'mtold thisimproves. I'venotyet turned that

corner.

Readability

Anothercosttodataascodeistheoppressivenumberofparentheses.
Optimizingforpeopleandcomputersisnotatallthesamething. The
locationandnumberofparenthesesisstillaproblem.Lispdevelopers
leanheavilyontheireditorstoprovidethefeedbackformatchingparen-
theses, buttoolscanneverfullymaskreadability problems. Kudosto
Richforimprovingthisproblem,butitwillstillbeaproblem.

8. Clojuredoeshaveleft-to-rightmacros, ->> and ->,whichmitigatetheseproblemsa
little.
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LearningCurve

Clojureisrich,andthelearningcurveisoppressive. Yuneedtohave
anextremelytalentedand experienced teamtomakeLispwork. Lazy
sequences, functional programming, macro expansion, transactional
memory,andthesophisticationoftheapproachesareallpowerfulcon-
ceptsthattaketimetomaster.

LimitedLisp

Allcompromiseshavesomecost. BybeingontheJVM, Clojurelimits
tail-recursion optimization. Clojure programmers must use the awk-
wardrecursyntax.Try implementing (sizex) thatcomputesthesizeofa
sequence x withrecursionandwith loop/recur.

Theeliminationofuser-definedreadermacrosisalsosignificant. The
benefitisclear.Readermacros,whenabused,canleadtothesplinter-
ingofthelanguage.Thecost,too,isclear.Yailoseonemoremetapro-
grammingtool.

Accessibility

OneofthemostbeautifulaspectsofRubyoranearlyJavaisitsacces-
sibilityasaprogramminglanguage.Bothofthoselanguageswererela-
tivelyeasytopickup.Clojureplacestremendousdemandsonadevel-
oper.Ithassomanyabstractiontoolsandconceptsthattheresultcan
beoverwhelming.

FinalThoughts

Mostof Clojure’s strengths and weaknesses arerelated to the power
andflexibility. True, youmightworkhardtolearnClojure.Infact, if
you'reaJavadeveloper,yourealreadyworkinghard.Yaejustspend-
ingyourtime onJavaapplication-level abstractions. Ya1 arelooking
forloosercouplingthroughSpringoraspect-orientedprogramming,for
example. ik justnotgettingthefullbenefitsofadditionalflexibil-

ity atthelanguagelevel. Formany, that trade-off has worked. [ will
humblysuggestthatthenewdemandsofconcurrencyandcomplexity
willcontinuetomaketheJavaplatformlessandlessviable.

Ifyouneedanextremeprogrammingmodelandarewillingtopaythe
priceoflearningthelanguage, Clojureisagreatfit.Ithink thisisa
greatlanguagefordisciplined,educatedteamslookingforleverage.Ya
canbuildbettersoftwarefasterwithClojure.
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Logicislittletweetingbirdchirpinginmeadow.
» Spock

Chapter 8

— fHaskell

Haskellrepresents purity and freedom formany functional program-
ming purists. It’srich and powerful, but the power comesataprice.

Yu can’teatjustacoupleofbites. Haskellwill forceyoutoeatthe

whole functional programming burrito. Think Spock from StarTrek .
The quote above ! is typical, embracing logic and truth. His charac-
terhasasingle-minded puritythathasendeared himtogenerations.
Where Scala, Erlang, and Clojureletyou use imperative concepts in
smalldoses, Haskellleavesnosuchwiggleroom.Thispurefunctional
language will challenge you when it’s time to doI/O or accumulate

state.

IntfroducingHaskell

As always, to understand why a language embraces a certain set of
compromises,youshouldstartwiththehistory.Intheearlyandmid-
1980s, pure functional programming splintered across several lan-
guages.Thekeyconceptsdrivingnewresearchwerelazyprocessing,as
weencounteredinClojure,andpurefunctionalprogramming.Agroup
fromtheFunctionalProgrammingLanguagesand ComputerArchitec-
tureconferencein1987formedanddecidedtobuildanopenstandard
forapurefunctionallanguage.Outofthatgroup,Haskellwasbornin
1990andrevisedagainin 1998.Thecurrentstandard, called Haskell
98,hasbeenrevisedseveraltimes, includingarevisionofHaskell98
and the definition of a new version of Haskell called Haskell Prime.

1. StarTrek: TheOriginalSeries ,Episodes4land42:“I,Mudd”/“TheTrouble withTrib-
bles.”DirectedbyMarcDaniels.1967;Burbank,CA:20thCBSParamountInternational
Television,2001.
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So,Haskellwasbuiltfromthegrounduptobeapurefunctionallan-
guage,combiningideasfromthebestfunctionallanguages,withspecial
emphasisonlazyprocessing.

Haskellhasstrong, statictyping,likeScala.Thetypemodelismostly
inferred andiswidely considered tobe one of the mosteffective type
systems of any functional language. Yl see that the type system
allowsforpolymorphismandverycleandesigns.

Haskellalsosupportsotherconceptsyou’veseeninthisbook.Haskell
allowsErlang-stylepatternmatchingandguards. Yilalsofind Clo-
jure-stylelazy evaluation and list comprehensions from both Clojure
andErlang.

Asapurefunctionallanguage,Haskelldoesnotdosideeffects.Instead,
afunctioncanreturnasideeffect, whichislaterexecuted. Yal see
anexampleofthisinday3,aswellasanexampleofpreservingstate
usingaconceptcalled monads.

Thefirstcoupleofdayswillgetyouthroughtypicalfunctionalprogram-
mingconcepts, suchasexpressions, defining functions, higher-order
functions,andthelike.WhalsogetintoHaskell'stypingmodel,which
willgiveyousomenewconcepts.Day3willstretchyou.Wlookatthe
parameterizedtypesystemandmonads,whicharesometimesdifficult
conceptstograsp.Let’'sgetstarted.

8.2 Dayl:Logical

Like Spock,you’llfind thatHaskell'scoreconceptsareeasytograsp.

Yl  workstrictlywithdefiningfunctions. Giventhesameinputpa-
rameters,you’llgetthesameoutputparameters,everytime.I'mgoing
touseGHC,ortheGlasgowHaskellCompiler,version6.12.1.It'swidely
availableacrossmanyplatforms, butyoucanfindotherimplementa-
tionsaswell. Asalways,I'mgoingtostartintheconsole.Type ghci:
GHCi,version6.12.1:http://www.haskell.org/ghc/ :?forhelp
Loadingpackageghc-prim...Tlinking...done.
Loadingpackageinteger-gmp...linking...done.

Loadingpackagebase...Tlinking. . .done.
Loadingpackageffi-1.0...T1inking...done.

Yol seeHaskellload afewpackages,andthenyou'reready totype
commands.

Reporterratum

yis (P1.0printing.October2010)


http://books.pragprog.com/titles/btlang/errata/add?pdf_page=269

DAy 1: LocicaAL <270

ExpressionsandPrimitiveTypes

We  goingtotalkabout Haskell’s type system a little later. In this
section,we’llfocusonusingprimitivetypes.Aswithmanyoftheother
languages,we’llstartwithnumbersandsomesimpleexpressions. W
movequicklyintomoreadvancedtypessuchasfunctions.

Numbers
Bynow,youknowthedrill. Typeafewexpressions:

Prelude>4

4

Prelude>4+1

5

Prelude>4+1.0

5.0

Prelude>4+2.0 % 5
14.0

Orderofoperationsworksjustaboutlikeyou’dexpect:

Prelude>4 =+ 5+1
21

Prelude>4 == (5+1)
24

Noticeyoucangroupoperationswithparentheses.Yaseenacouple
oftypesofnumbers.Let’slookatsomecharacterdata.

CharacterData
Stringsarerepresentedwithdoublequotes,likethis:

PreTude>"hello"
"hello"
PreTude>"hello"+"world"

<interactive>:1:0:
Noinstancefor (Num[Char])
arisingfromauseof ' +'at<interactive>:1:0-17
Possiblefix:addaninstancedeclarationfor(Num[Char])
Intheexpression:"hello"+"world"
Inthedefinitionof it':it="hello"+"world"
Prelude>"hello"++"world"
"heTToworld"

Noticethatyou’'llconcatenatewith ++ insteadof +.Yaicanrepresent
singlecharacterslikethis:

PreTude>'a’'

Prelude>['a','b']
"ab"
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Noticethatastringisjustalistofcharacters.Let’sbrieflylookatsome
booleanvalues.

Booleans

Abooleanisanotherprimitivetypethatworksmuchastheydoinmost
oftheotherinfixnotationlanguagesinthisbook.Theseareequaland
not-equalexpressions,returningbooleans:

Prelude>(4+5)==9

True

Prelude>(5+5) /=10
False

Try an if/then statement:

Prelude>1if(5==5)then"true"

<interactive>:1:23:parseerror(possiblyincorrectindentation)

That’sthefirstmajordeparturefromotherlanguagesinthebook. In
Haskell, indentation is significant. Haskellis guessing that there’s a
follow-upline thatisnotindented correctly. W seesomeindented
structureslater.Wewon'ttalkaboutlayouts,whichcontrolindentation
patterns;followpredictableindentationstrategiesthatmimicwhatyou
seehere,andyouwillbeOK.Let’'sdoafull if/then/else statement:

Prelude>if(5==5)then"true"else'"false"
"true"

InHaskell, if isafunction,notacontrolstructure,meaningitreturns
avaluejustlikeanyotherfunction.Let’stryafewtrue/falsevalues:
Prelude>iflthen"true"else"false"

<interactive>:1:3:

Noinstancefor (NumBool)
arisingfromtheliteral 1'at<interactive>:1:3

Haskellisstronglytyped. if takesstrictlybooleantypes.Let’strytoforce
anothertypecollision:

Prelude>"one"+1
<interactive>:1:0:

Noinstancefor(Num[Char])
arisingfromauseof +'at<interactive>:1:0-8

ThiserrormessagegivesusthefirstglimpseintoHaskell’'stypesystem.
Itsays “Thereisnofunctioncalled + thattakesa Num argumentfol-
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lowedby [Char],alistofcharacters.”Noticethatwehaven’ttoldHaskell
whattypesthingsare.Thelanguageisinferringtypesbasedonclues.
Atanypoint,youcanseewhatHaskell'stypeinferenceisdoing. Y
canuse :t,oryoucanturnonthe 't optionthatdoessomethingsimilar,
likethis:

Prelude>:set+t

Prelude>5

5

it::Integer

Prelude>5.0

5.0

it::Double

Prelude>"hello"

"hello"

it::[Char]

Prelude>(5==(2+3))

True

it::Bool
Now,aftereveryexpression,youcanseethetypethateachexpression
returns.Letmewarnyouthatusing 't withnumbersisconfusing.That
hastodowiththeinterplaybetweennumbersandtheconsole.Try to
usethe :t function:

Prelude>:t5
5::(Numt)=>t

Thatisnotthe sameas the type we got before, it::Integer .The con-
sole will try to treat numbers as generically as possible, unless you
havedonea :seft .Ratherthanapure fype,yougeta class,whichisa
descriptionofabunchofsimilartypes.W learnmoreinSection8.4,
Classes,onpage299.

Functions

The centerpiece of the whole Haskell programming paradigm is the
function. Since Haskell has strong, static typing, you'll specify each
functionintwoparts:anoptionaltypespecificationandtheimplemen-
tation.We goingtogoquicklythroughconceptsyou’veseeninother
languages,sohangontight.

DefiningBasicFunctions

AHaskellfunctiontraditionallyhastwoparts:thetypedeclarationand
thefunctiondeclaration.
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Initially, we're goingtobedefiningfunctionswithinthe console. W&
usethe let functiontobindvaluestoimplementations.Beforedefining
afunction, try let. Aswith Lisp, in Haskell, let bindsavariabletoa
functioninalocalscope.

Prelude>Tetx=10

Prelude>x
10

Whenyou'recodingaHaskellmodule,you’lldeclarefunctionslikethis:

doublex=x % 2

Intheconsole,though,we’lluse  let toassignthefunctioninlocalscope,
sowecanuseit.Here’sanexampleofasimpledoublefunction:

Prelude>Tetdoublex=x ® 2

Prelude>double2

4

Atthis point, we’ll switch to using files with programs. & canthen
workwithmultiline definitions. Using = GHC, thefulldouble definition
wouldlooklikethis:

Download haskell/double.hs

moduleMainwhere

doublex=x+x

Noticethatweaddeda  module called Main.InHaskell,modulescollect
relatedcodeintoasimilarscope.The Main moduleisspecial.ltisthe
top-levelmodule.Focusonthe  double functionfornow.Load Main into
theconsole,anduseitlikethis:

Prelude>:1oaddouble.hs

[lof1]CompilingMain (double.hs,interpreted)
Ok,modulesloaded:Main.

«Main>double5
10

Sofar,wehaven’tenforcedatype.Haskellisbeingforgivingbyinferring
atypeforus.There’sdefinitelyanunderlyingtypedefinitionforeach
function.Here’sanexampleofadefinitionwithatypedefinition:

DownTload haskell/double_with_type.hs

moduleMainwhere

double: :Integer->Integer
doubTex=x+x
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Andwecanloaditanduseitasbefore:

[lof1]CompilingMain (double_with_type.hs,interpreted)
Ok ,modulesloaded:Main.

«Main>double5

10

Yucanseetheassociatedtypeofthenewfunction:

=#Main>:tdouble
double::Integer->Integer

Thisdefinitionmeansthatthe function double takesan Integer argu-
ment(thefirst Integer)andreturnsan Integer.

Thistypedefinitionislimited. [fyouwentbacktotheearlier, typeless
versionof double,you’dseesomethingelseentirely:

«Main>:tdouble
double:: (Numa)=>a->a

Now, that’sdifferent!Inthiscase, a isatypevariable. Thedefinition
means “The function double takesasingle argumentof some type a
andreturnsavalueofthatsametype a.”VWhthisimproveddefinition,

we canuse thisfunctionwith any typethatsupportsthe + function.
Let’sstarttocrankupthepower.Let’slookatimplementingsomething
slightlymoreinteresting,afactorial.

Recursion

Let’sstartwithalittlerecursion.Here’sarecursiveone-linerthatimple-
mentsafactorialwithintheconsole:
PreTude>letfactx=1fx==0thenlelsefact(x-1) * X

Prelude>fact3
6

That's a start. The factorial of x is 1 if x is 0,andit’s 6&d(x-1)*x
otherwise.W candoalittlebetterbyintroducing patternmatching.
Actually,thissyntaxlooksandactsalotlikeErlang’spatternmatching:

Download haskell/factorial.hs

moduleMainwhere
factorial::Integer->Integer
factorialO=1
factorialx=x % factorial(x-1)

Thedefinitionhasthreelines. Thefirstdeclaresthetypeoftheargu-
mentandreturnvalue. Thenexttwoaredifferentfunctionaldefinitions
thatdependonthepatternmatchoftheinboundarguments. tod
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of 0is 1,and 6tdd# of n isfactorial x=x"tcd(x-1) .Thatdefi-
nitionlooksexactlylikethemathematicaldefinition. Inthiscase, the
orderofthepatternsisimportant. Haskellwilltakethefirstmatch.If
youwantedtoreversetheorder,you’dhavetouseaguard.InHaskell,
guardsareconditionsthatrestrictthevalueofthearguments,likethis:

Download haskell/fact_with_guard.hs

moduleMainwhere
factorial::Integer->Integer
factorialx
[ x>1=x « factorial(x-1)
|otherwise=1

Inthiscase, theguardshavebooleanvaluesontheleftand thefunc-
tiontoapplyontheright. Whenaguardissatisfied, Haskellcallsthe

appropriatefunction.Guardsoftenreplacepatternmatching,andwe’re
usingittoinitiatethebaseconditionforourrecursion.

TgsandlLists

Asyou’veseeninotherlanguages, Haskelldependsontail-recursion
optimizationtoefficientlydealwithrecursion.Let’'sseeseveralversions
ofaFibonaccisequencewithHaskell.First,we’llseeasimplecase:

Download haskell/fib.hs

moduleMainwhere
fib::Integer->Integer
fib0=1
fibl=1
fibx=Ffib(x-1)+fib(x-2)

That'ssimpleenough. fib0 or fibl is T,and fibx is fib(x-1)+fib(x-2) .But
thatsolutionisinefficient.Let’sbuildamoreefficientsolution.

ProgrammingwithTgs

V¢ canusetuplestoprovideamoreefficientimplementation. Atuple
isacollectionofafixednumberofitems.TuplesinHaskellarecomma-
separated itemsin parentheses. Thisimplementation creates a tuple
with consecutive Fibonaccinumbers and uses a counter to assistin
recursion.Here’sthebasesolution:

fibTuple:: (Integer,Integer,Integer)->(Integer,Integer,Integer)
fibTuple(x,y,0)=(x,y,0)

fibTuple(x,y,index)=fibTuple(y, x+y,index-1)

fioTuple takesathree-tupleandreturnsathree-tuple.Becarefulhere.
Asingleparameterthatisathree-tupleisnotthesameastakingthree
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parameters. Tousethe function, well startrecursion with twonum-
bers,0and 1.V will also provide a counter. Asthe counter counts
down, the first two numbers get successively larger numbers in the
sequence.Successivecallsto  fibTuple(0,1,4) wouldlooklikethis:

e fibTuple(0.1.4)
e fibTuple(1,1,3)
* fibTuple(1,2.2)
¢ fibTuple(2.3.1)
* fibTuple(3.5,0)

Yaucanruntheprogram,likethis:

Prelude>:Tloadfib_tuple.hs

[lof1]CompilingMain (fib_tuple.hs,interpreted)
Ok,moduTlesToaded:Main.

«Main>fibTuple(0,1,4)

(3,5,0)

Theanswerwillbein thefirst position. W cangrabtheanswerlike
this:

fibResult:: (Integer,Integer,Integer)->Integer

fibResult(x,y,z)=x

W justusepatternmatchingtograbthefirstposition.W cansimplify
theusagemodellikethis:

fib::Integer->Integer

fibx=fibResult(fibTuple(0,1,x))

ThatfunctionusesthetwohelperfunctionstobuildaquitefastFibo-
naccigenerator.Hereisthewholeprogramtogether:

Download haskell/fib_tuple.hs

moduleMainwhere
fibTuple:: (Integer,Integer,Integer)->(Integer,Integer,Integer)
fibTuple(x,y,0)=(x,y,0)
fibTuple(x,y,index)=fibTuple(y, x+y,index-1)

fibResult:: (Integer,Integer,Integer)->Integer
fibResult(x,y,z)=x

fib::Integer->Integer
fibx=fibResult(fibTuple(0,1,x))
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Andherearetheresults(whichappearinstantaneously):

*Main>fib100

354224848179261915075

*Main>fib1000
43466557686937456435688527675040625802564660517371780
40248172908953655541794905189040387984007925516929592
25930803226347752096896232398733224711616429964409065
33187938298969649928516003704476137795166849228875

Let’stryanotherapproachwithfunctioncomposition.

UsingTgsandComposition

Sometimes,youneedtocombinefunctionsbychainingthemtogether

by passingtheresults ofonefunctiontoanother. Here’'san example
thatcomputestheseconditemofalistbymatchingthe head ofthe ftail
ofalist:

#Main>letsecond=head.tail

*Main>second[1,2]

2

*Main>second[3,4,5]

4

Wejustdefiningafunctionintheconsole. second=headtail isequiv-
alentto secondist=head(taillst) .We  feedingtheresultofonefunction
intoanother.Let’'susethisfeaturewithyetanotherFibonaccisequence.

W computeasinglepair,asbefore,butwithoutacounter:

fibNextPair::(Integer,Integer)->(Integer,Integer)
fibNextPair(x,y)=Cy,x+y)

Giventwonumbersinthesequence, wecanalwayscomputethenext
one. The next job is to recursively compute the next item in the
sequence:

fibNthPair::Integer->(Integer,Integer)

fibNthPairl=(1,1)
fibNthPairn=fibNextPair(fibNthPair(n-1))

Thebasecaseisthevalue (1.1) foran n of 1.Fromthere,itissimple.
W justcomputethenextitemofthesequencebasedonthelastone.
W cangetanypairinthesequence:

#Main>fibNthPair(8)
(21,34)
*Main>fibNthPair(9)
(34,55)
«Main>fibNthPair(10)
(55,89)
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Now,allthatremainsistomatchthefirstitemofeachpairandcombine
themintoasequence. W useaconvenientfunctioncomposition of
fst tograbthefirstelementand fioNthPair tobuildapair:

Download haskell/fib_pair.hs

moduleMainwhere
fibNextPair::(Integer,Integer)->(Integer,Integer)
fibNextPair(x,y)=Cy,x+y)

fibNthPair::Integer->(Integer,Integer)
fibNthPairl=(1,1)
fibNthPairn=fibNextPair(fibNthPair(n-1))

fib::Integer->Integer
fib=fst.fibNthPair

Saidanotherway,wetakethefirstelementofthenthtuple.Andwe're
done. Vihalittleworkdonefortuples,let’ssolveafewproblemswith

lists.
baigLists
Yoie seen lists in many different languages. I'm not going to fully

rehash them, butIwill go over abasic recursion example and then
introduceafewfunctionsyouhaven’'tseenyet.Breakingalistintothe
headandtailcanworkinanybinding,likea let statementorapattern
match:

letCh:t)=[1,2,3,4]

*Main>h

1

=Main>t
[2,3,4]

We  bindingthelist [1,2,3.4 ] to (h:t).Thinkofthisconstructasthe
various head|fail constructsyou’veseeninProlog, Erlang, and Scala.
Wh thistool, wecandoafewsimplerecursivedefinitions. Hereare

size and prod functionsforalist:

Download haskell/lists.hs

moduleMainwhere
size[]=0
size(h:t)=1+sizet

prod[]=1
prodCh:t)=h % prodt
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I'mgoingtouse Haskell'stypeinferencetohandlethetypesofthese
functions,buttheintentionisclear. Thesizeofalistis1+thesizeofa
tail.
Prelude>:1oadlists.hs
[lofl]CompiTingMain
(lists.hs,interpreted)
Ok,modulesloaded:Main.
*Main>size"Fascinating."
12

zip isapowerfulwaytocombinelists.Here’sthefunctioninaction:

«Main>zip"kirk""spock"

[("kirk", "spock')]
So,webuiltatupleofthetwoitems.Ycanalsozipliststogether,like
this:

Prelude>zip["kirk","spock"]["enterprise","reliant'"]
[("kirk","enterprise"), ("spock","reliant")]

It'saneffectivewaytocombinetwolists.

Sofar,thefeaturesyou’veseeninHaskellhavebeenremarkablysimilar
tothosecoveredinotherlanguages.Now,we'llstartworkingwithsome
moreadvancedconstructs.Wlookatadvancedlistsincludingranges
andlistcomprehensions.

Generatinglists

We  alreadylookedatafewwaystoprocesslistswithrecursion.In
thissection,we’lllookatafewoptionsforgeneratingnewlists.Inpar-
ticular,we’lllookatrecursion,ranges,andlistcomprehensions.

Recursion

The mostbasic building block for list construction is the : operator,
whichcombinesaheadandtailtomakealist.Yseseentheoperator

inreverse used in pattern matching as we call arecursive function.

Here’s : ontheleftsideofa let:

Prelude>Tleth:t=[1,2,3]

Prelude>h

1

Prelude>t
[2,3]

W canalsouse : todoconstruction,insteadofdeconstruction.
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Here’showthatmightlook:

Prelude>1:[2,3]
[1!2!3]

Remember,listsarehomogeneous.Yaican’'taddalisttoalistofinte-
gers,forexample:

Prelude>[1]:[2,3]

<interactive>:1:8:
Noinstancefor(Num[t])
arisingfromtheliteral 3'at<interactive>:1:8

Yacould,however,addalisttoalistoflistsorevenanemptylist:

Prelude>[1]:[[2]1,[3,4]1]
[[11,[2],[3,4]1]
Prelude>[1]:[]

[[11]

Here’slistconstructioninaction.Let’'ssaywewantedtocreateafunc-
tionthatreturnstheevennumbersfromalist. Onewaytowritethat
functioniswithlistconstruction:

Download haskell/all_even.hs

moduleMainwhere
allEven::[Integer]->[Integer]
allEven[]=[]
allEven(h:t)=1ifevenhthenh:all1EventelseallEvent

Ourfunctiontakesalistofintegersandreturnsalistofevenintegers.
allEven foranemptylistisanemptylist.Ifthereisalist,iftheheadis
even,weaddtheheadto alEven appliedtothetail.Iftheheadisodd,
wediscarditbyapplying  allEven tothetail. Noproblem. Let’'slookat
someotherwaystobuildlists.

RangesandComposition

AswithRubyandScala,Haskellincludesfirst-classrangesandsome
syntacticsugartosupportthem.Haskellprovidesasimpleform,con-
sistingoftheendpointsofarange:

Prelude>[1..2]

[1,2]

Prelude>[1..4]

[1,2,3,4]

Yuspecifytheendpoints,andHaskellcomputestherange. Thedefault
incrementisl WhatifHaskellcan'treachtheendpointwiththedefault
increment?
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Prelude>[10..4]
[]

Ylgetanemptylist.Yaicanspecifyanincrementbyspecifyingthe
nextiteminthelist:

Prelude>[10,8..4]
[10,8,6,4]

Yacanalsoworkinfractionalnumbers:

Prelude>[10,9.5..4]
[10.0,9.5,9.0,8.5,8.0,7.5,7.0,6.5,6.0,5.5,5.0,4.5,4.0]

Rangesaresyntacticsugarforcreatingsequences.Thesequencesneed
notbebound.AswithClojure,youcantakesomeoftheelementsofa
sequence:

Prelude>take5[1..]

[1 ’ 2 ’ 3 ’ 4 ’ 5]

Prelude>take5[0,2..]

[0 ’ 2 ’ 4 ’ 6 ’ 8]

W talkmore aboutlazy sequence in day 2. For now, let’slook at
anotherwaytoautomaticallygeneratelists,thelistcomprehension.

ListComprehensions

WefirstlookedatlistcomprehensionsintheErlangchapter.InHaskell,
alistcomprehensionworksthesameway.Ontheleftside, you'llsee
anexpression.Ontherightside,you’llseegeneratorsandfilters,just
asyoudidwithErlang.Let’slookatafewexamples.To doubleallitems
inalist,wedothis:

Prelude>[x = 2|x<-[1,2,3]]

[2,4,6]

InEnglish,thelistcomprehensionmeans“Collect x*2 where x istaken
fromthelist [1.2,3 ].”

AswithErlang,wecanalsousepatternmatchingwithinourlistcom-
prehensions. Say we had alist of points representing a polygon and
wantedtoflipthepolygondiagonally. W couldjusttranspose x andy,
likethis:

Prelude>[(y,x) | (x,y)<-[(1,2),(2,3),(3,D]I]
[(2,1),(3,2),0,3)]

Or, toflipthepolygonhorizontally,wecouldsubtract x from4 likethis:

Prelude>[(4-x,y) | (x,y)<-[(1,2),(2,3),(3,1)]]
[(3,2),(2,3),(1,1)]
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W canalsocomputecombinations. Let’ssaywewanted tofind allof
thepossiblelandingpartiesoftwotakenfromacrewofKirk,Spock,or
McCoy:

Prelude>letcrew=["Kirk","Spock", "McCoy'"]
PreTude>[(a,b) |a<-crew,b<-crew]

[C"Kirk","Kirk"), ("Kirk","Spock™), ("Kirk","McCoy"),
("Spock","Kirk"), ("Spock","Spock™), ("Spock", "McCoy"),
("McCoy", "Kirk"), ("McCoy", "Spock"), ("McCoy", "McCoy™)]

Thatcompositionalmostworkedbutdidnotremoveduplicates.Wcan
addconditionstofilterthelistcomprehensionlikethis:
Prelude>[(a,b) |a<-crew,b<-crew,a/=b]

[("Kirk","Spock™), ("Kirk","McCoy™), ("Spock","Kirk™),
("Spock", "McCoy") , ("McCoy","Kirk"), ("McCoy", "Spock™)]

Thatisalittlebetter,butorderdoesn’tmatter.é candoalittlebetter
byincluding only the options thatappearinsorted order, discarding
therest:

Prelude>[(a,b) |a<-crew,b<-crew,a<b]
[("Kirk","Spock™), ("Kirk","McCoy"), ("McCoy", "Spock")]

Whashort,simplelistcomprehension,wehavetheanswer.Listcom-
prehensionsareagreattoolforrapidlybuildingandtransforminglists.

AnlinterviewwithPhilip W

Now that you've seen some of the core features of Haskell, let’s see
whatsomeonefromthecommitteethatdesignedHaskellhastosay.A
theoreticalcomputerscienceprofessorattheUniversityofEdinburgh,
PhilipWadr isanactivecontributorofnotonlyHaskellbutalsoJava
andXQuery.Previously heworkedorstudiedatAvayal.abs,BellLabs,
Glasgow,Chalmers,Oxford, CMU,XeroxParc,andStanford.

Bruce Tate: WhydidyourteamcreateHaskell?

Philip Wadler: Inthelatel980stherewerealargenumberofdifferent
groups creating designs and implementations of functional languages,
andwewrdaelwewouldbestrongerworkingtogetherthanapart.The
originalgoals werenotmodest: wewanted thelanguagetobe afoun-
dationforeah suitableforteaching, anduptoindustrialuses.The
entirehistoryiscoveredindetailinapaperwewroteforthe Historyof
ProgrammingLanguagesconference, whichyoucanfindontheWh

2. http://www.haskell.org/haskellwiki/ History_of_Haskell
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Bruce Tate: Whatarethethingsyoulikeaboutitthemost?

Philip Wadler: Irljenjoyprogrammingwithlistcomprehensions.
It’snicetoseethatthey’vefinallymadetheirwayintootherlanguages,
likePython.

Typeclassesprovideasimpleformofgenericprogramming. Yat definea
datatype,andjustbyaddingonekeyword, derived,youcangetroutines
tocomparevalues,toconvertvaluestoandfromstrings,andsoon.Ifind
thatveryconvenientandmissitwhenl ' musingotherlanguages.

Anygood programming language el becomes ameans of extending
itselftoembed otherprogramminglanguages specializedtothetaskat
hand. Haskellis particularly good as a tool for embedding other lan-
guages.Laziness,lambdaexpressions, monadandarrownotation,type
classes, the expressive type system, and template Haskell all support
extendingthelanguageinvariousways.

Bruce Tate: Whatarethethingsyou’'dchangeifyouhadittodoall
overagain?

Philip Wadler: Withdistribution becoming soimportant, we needto
focusonprogramsthatrunonmultiplemachines, sendingvalues from
onetotheother. Whenyousendavalue, youprobablywantittobethe
valueitselfleagerevaluation), ratherthanaprogram(andthevaluesof
allthefreevariablesoftheprogram)thatcanbeevaluatedtoyieldthe
value.So, inthedistributedworld, Ithinkitwouldbebettertobeeager
bydefaultbutmalkeiteasytobelazywhenyouwarnt.

Bruce Tate: What'sthemostinteresting problemyou’ve seen solved
withHaskell?

Philip Wadler: I'malways blown away by the uses folks find for
Haskell. I mreriwr years ago being amazed at uses of Haskell for
natural-languageprocessing andyearsafterthatwhenitwasusedfor
proteinfoldingwithanapplicationtofightingAIDS. I[justhad alookat
theHaskell Communitypage, anditlists fortyindustrialapplicationsof
Haskell. Therearenowmanyusersinfinance:ABNAmro,CreditSuisse,
DeutscheBank,andStandardChartered. FacebookusesHaslkellforan
in-housetooltoupdate code in PHP. One of my favorites is the use of
Haskellforgarbage collection—notthekind wedoinsoftware butel
garbagecollection...programmingenginestobeusedingarbagetrucks!
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WhatWelLearnedinDay 1

Haskellisafunctionalprogramminglanguage.Itsfirstdistinguishing
characteristicisthatitisapurefunctionallanguage. Afunctionwith
thesameargumentswillalwaysproducethesameresult.Thereareno
sideeffects.W¢ spentmostofday1coveringfeaturesyouhaveseenin
otherlanguagesinthisbook.

W firstcoveredbasicexpressionsandsimpledatatypes. Sincethere
arenomutablevariableassignments,weusedrecursiontodefinesome

simple math functions and to deal with lists. W worked with basic
Haskellexpressionsandrolledthoseupintofunctions.W sawpattern
matchingandguardsaswefoundinErlangand Scala. W usedlists

andtuplesasthebasiccollectionsasyoufoundinErlang.

Finally , wetookalookatbuildingliststhattookusintolistcomprehen-
sions,ranges,andevenlazysequences. Let'sputsomeofthoseideas
intopractice.

Day1Self-Study

By this time, writing functional programs should be getting easier if
you'vebeenworkingthroughalloftheotherfunctionallanguages.In
thissection,I'mgoingtopushyoualittleharder.

Find:

¢ TheHaskellwiki

¢ AHaskellonlinegroupsupportingyourcompilerofchoice
Do:

* Howmanydifferentwayscanyoufindtowrite allEven?

e WE a function that takes a list and returns the same list in
reverse.

e Weafunctionthatbuildstwo-tupleswithallpossiblecombina-
tionsoftwoofthecolorsblack,white,blue,yellow,andred.Note
thatyoushouldincludeonlyoneof (black,blue) and (blue black) .

* Wk a list comprehension to build a childhood multiplication
table. Thetablewouldbealistofthree-tupleswherethefirsttwo
areintegersfrom1-12andthethirdistheproductofthefirsttwo.

¢ Solve the map-coloring problem (Section 4.2, Map Coloring , on
pagelO1l)usingHaskell.
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8.3 Day2:Spock’sGreatStrength

Wih some characters, you might not notice their best qualities for
quite some time. Wh Spock, it’s easy to grasp his great strengths.
He’sbrilliant,alwayslogical,andcompletelypredictable. Haskell'sgreat
strengthisalsothatpredictabilityandsimplicityoflogic. Manyuniver -
sitiesteachHaskellinthecontextofreasoningaboutprograms.Haskell
makescreatingproofsforcorrectnessfareasierthanimperativecoun-
terparts.Inthissection, we’lldigintothepracticalconceptsthatlead
tobetterpredictability. W willstartwithhigher-orderfunctions.Then,
we’lltalkaboutHaskell'sstrategyforcombiningthem.Thatwilltakeus
intopartiallyapplied functionsand currying. W finallylookatlazy
computation.It’sgoingtobeafullday,solet’sgetstarted.

Higher-OrderFunctions

Everylanguage in this book addresses the idea of higher-order pro-
gramming. Haskelldepends onthe concept extensively. W willwork
quickly through anonymous functions and then apply them with the
many prebuilt functions that work on lists. I will move much faster
thanlhavewiththeotherlanguages,becauseyou’'veseentheconcepts
before, and there’s somuch ground to cover. W start things with
anonymousfunctions.

AnonymousFunctions

Asyoumightexpect, anonymous functionsin Haskellhavearidicu-
lously simple syntax. Theformis (\param1..paramn->function_body)
Try it likethis:

PreTude>(\x->x)"Logical."

"Logical."

PreTude>(\x->x++"captain.")"Logical,"

"Logical,captain.”

Taken alone,theydon’taddmuch.Combinedwithotherfunctions,they
becomeextremelypowerful.

mapandwhere

First,webuiltananonymousfunctionthatjustreturnsthefirstparam-
eter. Next, we append a string. As you've seen in other languages,
anonymousfunctionsareanimportantfeatureforlistlibraries.Haskell
hasamap:

map (\x->x * x)[1,2,3]
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We  applyingthemapfunctiontoananonymousfunctionandalist.
mp appliestheanonymousfunctiontoeachiteminthelistandcol-
lectstheresults. There’snosurprisehere,butthatformmightbeabit

muchtodigestallatonce. W canpackageitallupasafunctionand
break outthe anonymous function as alocally scoped function, like
this:

Download haskell/map.hs

moduleMainwhere
squareAlllist=mapsquarelist
wheresquarex=x ® X

We  declaredafunctioncalled squareAll thattakesaparametercalled
list. Next,weuse mp toapplyafunctioncalled square toalltheitemsin

list Then,weuseanewfeature,called where todeclarealocalversionof
square.Yndon’'thavetobindfunctionswith where;youcanalsobind
anyvariable. W seesomeexamplesof where throughouttherestof

thechapter.Here’stheresult:

*Main>:Toadmap.hs

[lofl]CompilingMain (map.hs,interpreted)
Ok,modulesloaded:Main.

*Main>squareAl1[1,2,3]

[1,4,9]

Yacanalsouse mp  withpartofafunction,calleda section,likethis:

PreTude>map(+1)[1,2,3]

[2,3,4]

(+1) isactuallyapartiallyapplied function. The+functiontakestwo
parameters, and we've supplied only one. Theresultis thatwe geta
functionlike (x+1) ,withasingleparameter x.

filter, it
Thenextcommon functionis filter, whichappliesatesttoitemsina
list,likethis:

Prelude>odd5

True

Prelude>filterodd[1,2,3,4,5]

[1 ’ 3 ’ 5]

Yu canalsofoldleftandright,justasyoudidinClojureandScala.
Thefunctionsyouwillusearevariationsof @l and

Prelude>foldl (\xcarryOver->carryOver+x)0[1..10]
55
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V¢ tookaninitialcarry-overvalueof0andthenappliedthefunctionto
everyiteminthelist, usingtheresultofthefunctionasthe carryOver
argumentandeachitemofthelistastheother.Anotherformoffoldis
convenientwhenyouarefoldingwithanoperator:

PreTude>foldl1(+)[1..3]
6

Thisisusingthe+operatorasapurefunctiontakingtwoparameters
andreturninganinteger.Theresultgivesyouthesamethingasevalu-
atingthis:

Prelude>1+2+3

6

Yucanalsofoldrighttoleft,with O]

Asyoumightimagine,Haskelloffersmanyotherfunctionsinthelibra-
ry of list functions, and many of them use higher-order functions.
Ratherthanspendawholechapterondealingwith them, I'llletyou
doyour owndiscovery. Now, Iwant to move on to the ways Haskell
combinesfunctionstoworktogether.

Riy AppliedFunctionsandCurrying

We  talked briefly about function composition and partially applied
functions.TheseconceptsareimportantandcentralenoughtoHaskell
thatweshouldspendalittlemoretimehere.

EveryfunctioninHaskellhasoneparameter. Yumightaskyourself,
“If that’s true, how could you write a function like + thatadds two
numberstogether?”

Infact,itistrue. Everyfunctiondoeshaveoneparameter. Tosimplify

thetypesyntax,let’screateafunctioncalled prod:
PreTude>Tetprodxy=x Yy

Prelude>prod34

12

Ve createdafunction,andyoucanseethatitworks.Let’sgetthetype
ofthefunction:

Prelude>: tprod
prod:: (Numa)=>a->a->a

Theportion Numc=> means"“Inthefollowingtypedefinition, a isatype
of Num.Yaeseentherestbefore,andlliedtoyouaboutthemeaning
tosimplifythings.Now,it’'stimetosettherecordstraight.Haskelluses
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a concept to split one function on multiple arguments into multiple
functions, eachwithoneargument. Haskelldoesthisjobwith partial

application.
Don’tlettheterm confuseyou. Partialapplication binds some ofthe
arguments, butnot all. For example, we can partially apply prod to

createsomeotherfunctions:

Prelude>Tetdouble=prod2
Prelude>lettriple=prod3

Lookattheleftsideofthesefunctionsfirst. W defined prod withtwo
parameters,butweappliedonlythefirstone.So,computing prod?2 is
easy,Justtaketheoriginalfunctionof prodxy=x"y  ,substitute2for x,
andyouhave prody=2*y .Thefunctionsworkjustasyou’dexpect:
PreTude>double3

6

Prelude>triple4
12

So,themysteryissolved. WhenHaskellcomputes prod24 ,itisreally
computing (prod2)4 ,likethis:

* First,apply prod2 .Thatreturnsthefunction  (\y->2"y)
* Next,apply (\y->2*y)4 ,or 2*4 ,givingyou8.

Thatprocessiscalled currying,andjustabouteverymultiple-argument
functionin Haskell gets curried. Thatleads to greater flexibility and
simplersyntax. Mostofthetime, youdon’treallyhavetothinkabout
it,becausethevalueofcurriedanduncurriedfunctionsisequivalent.

LazyEvaluation

Like Clojure’s sequence library, Haskell makes extensive use of lazy
evaluation. Whit, you canbuild functions thatreturninfinitelists.
Often, you’'ll use list construction to form an infinite list. Take this
examplethatbuildsaninfiniterange,startingat x,instepsof y:

Download haskell/my_range.hs

moduleMainwhere
myRangestartstep=start: (myRange(start+step)step)

Thesyntaxisstrange,buttheoveralleffectisbeautiful. We building
afunctioncalled mRrge ,takingastartingpointandastepforour
range. W uselist composition to build a list with start asthe head
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and (myRange (start+step)step)  asthetail. These are the successive
evaluationsfor mRrge11

* I:myRange21)

¢ 1:2:myRange(31)

* 1:2:3:myRange(41)
...andsoon.

Thisrecursionwill gooninfinitely, sowe’ll typically use thefunction
withothersthatwilllimittherecursion.Makesureyouload YOS
first:

«Main>takel0(myRangel01)

[10,11,12,13,14,15,16,17,18,19]

«Main>take5(myRange05)
[0,5,10,15,20]

Somerecursivefunctionsworkmoreefficientlyusinglistconstruction.
Here’sanexampleoftheFibonaccisequence,usinglazyevaluationwith
composition:

Download haskell/lazy_fib.hs

moduleMainwhere
TazyFibxy=x:(lazyFiby(x+y))

fib=lazyFibll
fibNthx=head(drop(x-1) (take(x)fib))

Thefirstfunctionbuildsasequencewhereeverynumberisthesumof
theprevioustwo.Weffectivelyhaveasequence ,butwecanimproveon
theAPI.To beaproperFibonaccisequence,wemuststartthesequence
withlandl,so fib seeds lazyFib withthefirsttwonumbers.Finally,we
have one more helper function thatallows the userto grab just one
numberofthesequencewith  drop and toke.Herearethefunctionsin
action:

«Main>take5(lazyFib01)
[1,1,2,3,5]

«Main>take5(fib)

[1,1,2,3,5]
«Main>take5(drop20(lazyFib01))
[10946,17711,28657,46368,75025]
#Main>fibNth3

2

«Main>fibNth6

8
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The three functions are beautiful and concise. W define an infinite
sequence,andHaskellcomputesonlythepartnecessarytodothejob.

Yu canreally start to have fun when you start to combine infinite
sequencestogether. First,let’'sadd twoFibonaccisequencestogether,
offsetbyone:

*Main>take5(zipWith(+)fib(droplfib))
[2,3,5,8,13]

Surprise. W getaFibonaccisequence. These higher-order functions
playwelltogether.Wécalled  zipWith,whichpairseachitemoftheinfinite
listbyindex.W¢  passeditthe + function.Or,wecoulddoublearange:

«Main>take5(map( %2)[1..])

[2,4,6,8,10]

Weusingmaptoapplythepartiallyappliedfunction *2 totheinfinite
range [1..],andthenwereusingtheinfiniterange,beginningwith 1.

The nice thing about functional languages is that you can compose
theminunexpectedways.Forexample,wecanusefunctioncomposi-
tioninconjunctionwithpartiallyappliedfunctionsandlazysequences
effortlessly:

*Main>take5 (map (( * 2).C » 5))fib)
[10,10,20,30,50]

Thatcodepacksapunch,solet’stakeitapart.Startingfromtheinside
andworkingout,wefirsthave (*5) .That’sapartiallyappliedfunction.
Whateverwepassintothefunctionwillbemultipliedbyfive. W pass
thatresultintoanother partiallyapplied function, (*2) .W passthat
composed functioninto mp andapplythefunctiontoeveryelement
intheinfinite fib sequence.W passthatinfiniteresultto fokeb5 and
generatethefirstfiveelementsofaFibonaccisequence, multiplied by

fiveandthenagainby?2.
Yacaneasilyseehowyou’dcomposethesolutionstoproblems. Y
justpassonefunctiontothenext.InHaskell, f.gx isshorthand for
f(gx) . Whenyou'rebuilding functionsin thisway, youmightwantto
applythemfromfirsttolast.dildosowiththe . operator.Forexam-
ple, toinvertanimage, flip it vertically and then flip it horizontally,
animageprocessormightdosomethinglike (flipHorizontally .flipVertically

invertimage .
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AnlinterviewwithSimonRybbres

Totakeaquickbreak,let’shearfromanotherpersononthecommit-
teethatcreated Haskell. Simon PeytonJones spentsevenyearsasa
lectureratUniversityCollegeLondonandnineyearsasaprofessorat
Glasgow University, beforemovingto Microsoft Research (Cambridge)
in 1998 wherehisresearchfocusistheimplementationandapplica-
tionoffunctionalprogramminglanguagesforuniprocessorandparallel
machines.Heistheleaddesignerofthecompilerusedinthisbook.

Bruce Tate: TellmeaboutthecreationofHaskell.

Simon Peyton-Jones: A veryunusualthing about Haslkellis that it
isasuccessfulcommitteelanguage. Thinkof any successfullanguage,
andthechances arethatitwas originally developed by one personor
averysmallteam. Haskellisdifferent:itwasoriginallydesignedbyan
internationalgroupoftwenty-ishesedasWehadenoughagreement
aboutthecoreprinciplesofthelanguage—andHaskellis avery princi-
pledlanguage—tokeepthedesigncoherent.

Also,Haskellisenjoyingasubstantialupsurgeinpopularitysometwen-
tyyears afteritwasdesigned. Languages usually succeed or (mostly)
failinthe first few years of their lives, so whatis going on? I believe
thatitis becauseHaslkell’s principled adherencetopurity, theabsence
of side effects, is an unfamiliar discipline that has prevented Haskell
Jrombeingamainstreamlanguage. Thoselong-termbenefitsaregradu-
allybecomingapparent.Whetheromotthemainstreamlanguagesofthe
futurelooklikeHaskell, Ibelievethey willhave strongmechanisms for
controllingsideeffects.

Bruce Tate: Whatarethethingsyoulilkkeaboutitthemost?

Simon Peyton-Jones: Apartfrom purity, probably the mostunusual
andinterestingfeatureofHaskellisitstypesystem. Statictypesareby
farthemostwidelyusedprogramverificationtechniqueavailabletoday:
millionsofprogrammersuwritetypes(whicharejustpartialspecifications)
everyday, and compilers check themevery time they compile the pro-
gram.TypesaretheUMLoffunctionalprogramming:adesignlanguage
thatformsanintimateandpermanentpartoftheprogram.

Fromday 1 Haskell’s type system was unusually expressive, mainly
because oftype classes and higher-kinded type variables. Since then,
Haskellhasservedasalaboratoryinwhichtoexplorenewtypesystem
ideas,somethinglhaveenjoyedverymuch.Multiparametertypeclasses,
higher-ranktypes,first-classpolymorphism,implicitparameters,GADTs,
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and type families...we are having fun! And, more importantly, we are
extendingtherangeofpropertiesthatcanbe statically checkedbythe
typesystem.

Bruce Tate: Whatarethethingsyou’dchangeifyouhadittodoall
overagain?

Simon Peyton-Jones: ['dlilkkeabettermxisystem.Thereareasrs
thatHaskell’serlsystemissosimple, butit’sstillaweakpoint.

I'dlikeabettermodulesystem. Specifically, [wanttobeabletoshipa
HaskellpackagePtosomeoneelse,saying “Pneedstoimportinterfaces
IandJfromsomewhere:youprovidethem,anditwillofferinterfaceK.”
Haskellhasnoformalwaytosaythis.

Bruce Tate: What'sthemostinteresting problemyou’ve seensolved
withHaskell?

Simon Peyton-Jones: Haskellisatrulygeneral-purposeprogramming
language, whichis a strength but also aweakness becauseithas no
single “killerapp.” Thatsaid, itis quitecommonto find that Haslkellis
amediuminwhichpeoplehavebeenabletodreamupparticularlyele-
gantandunusualwaystosolveproblems.LookatConalElliot’sworkon
functional mte animation, forexample, which rugl my brain by
makingmethinkofa “time-varyingvalue” as asinglevaluethatcould
bemanipulatedbyafunctionalprogram. Onamoremundane(butvery
useful)level,therearelotsoflibrariesofparserandpretty-printingcom-
binators,eachencapsulatinggreatintellectualclevernessbehindsimple
interfaces.Inathirddomain,Jean-MarcEbershowedmehowtodesign
acombinatorylibrarytodescribefinancialderivatives,somethingliwould
neverhavethoughtofonmyown.

Ineachcase, themedium(Haslkell) has allowed anewlevelofexpres-
siveness that would be much harder to achieve in a mainstream lan-
guage.

By now, you have enough knowledge to tackle some hard problems
in Haskell, but you can’t do some easy stuff, such as dealing with
I/0,state,anderrorhandling. Theseproblemswilltakeusintosome
advancedtheory.Onday3,we’lllookintomonads.

WhatWelearnedinDay?2

Inday2,welookedathigher-orderfunctions.Wstartedwiththesame
kindsoflistlibrariesthatyou’veseeninalmosteverylanguageinthis
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book.Yaisaw  mp ,severalversionsof @ ,andsomeadditionalfunc-
tionslike zip and zipWith.Afterworkingwiththemonfixedlists,wethen
workedwithsomelazytechniquessuchastheonesyouusedwithClo-
jure.

Asweworkedthroughadvancedfunctions,welearnedtotakeafunc-
tionandapplysomeoftheparameters.Thistechniquewascalled par-
tially applied functions .Then, we used partially applied functions to
translateafunctionthattookmultipleargumentsatonce( f(x,y) )toa
functionthattookargumentsoneatatime( fx)(y)).W learnedthatin
Haskell,allfunctionsarecurried,whichexplainedthetypesignatures
ofHaskellfunctionstakingmultiplearguments.Forexample, thetype
signatureofthefunction fxy=x+y is f:(Numa)=>a->a->a

W alsolearnedfunctioncomposition,aprocessthatusedthereturn
fromonefunctionastheinputofanother. couldeffectively string
functionstogetherthisway.

Finally, weworked withlazy evaluation. W wereabletodefine func-
tionsthatbuiltinfinitelists,whichwouldbeprocessedondemand.W
defined a Fibonaccisequencein thisway and alsoused composition
withlazysequencestoeffortlesslyproducenewlazysequences.

Day2Self-Study

Find:
* Functionsthatyoucanuseonlists,strings,ortuples
* Awaytosortlists

Do:
e Weasortthattakesalistandreturnsasortedlist.

s Wkasortthattakesalistandafunctionthatcomparesitstwo
argumentsandthenreturnsasortedlist.

* WeaHaskellfunctiontoconvertastringtoanumber.Thestring
shouldbeintheformof  $2,345,678.99 andcanpossiblyhaveleading
ZEeros.

* Wk a function that takes an argument x andreturns a lazy
sequencethathaseverythirdnumber,startingwith x.Then,write
a function that includes every fifth number, beginning with y.
Combine these functions through composition to return every
eighthnumber,beginningwith  x+y .
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* Useapartiallyappliedfunctiontodefineafunctionthatwillre-
turnhalfofanumberandanotherthatwillappend \n totheend
ofanystring.

Here are some more demanding problemsifyou’'relooking for some-
thingevenmoreinteresting:

s Wkafunctiontodeterminethegreatestcommondenominator
oftwointegers.

* Createalazysequenceofprimenumbers.

* Breakalongstringintoindividuallines at proper word bound-
aries.

¢ Addlinenumberstothepreviousexercise.

* Totheaboveexercise,addfunctionstoleft,right,andfullyjustify
thetextwithspaces(makingbothmarginsstraight).

8.4 Day3:TheMindMeld

In StarTrek ,Spockhadaspecialtalentofconnectingwithacharac-
terwithwhathecalledthe mindmeld .Haskellenthusiastsoftenclaim
suchaconnectiontotheirlanguage. Formanyofthem, thelanguage
featurethatengendersthemostrespectisthetypesystem.Afterspend-
ingsomuchtimewiththelanguage,Icaneasilyseewhythisistrue.
Thetypesystemisflexibleandrichenoughtoinfermostofmyintent,
stayingoutofmywayunlessineedit.lalsogetasanitycheckaslbuild
myfunctions,especiallytheabstractonesthatcomposefunctions.

ClassesandTypes

Haskell’s type system is one of its strongest features. It allows type
inference, so programmers do not have heavier responsibilities. It is
alsorobustenoughtocatchevensubtleprogrammingerrors.Itispoly-
morphic, meaningyou cantreatdifferentformsofthesametypethe
same. Inthissection, we'lllook atafewexamples of typesand then
buildsomeofourowntypes.

BasicTypes

Let’'sreview whatyou'velearned so far with some basic types. First,
we’llturnonthetypeoptionintheshell:

Prelude>:set+t
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Now,we’llseethetypesthateachstatementreturns.Try somecharac-
tersandstrings:

PreTude>'c'

e
it::Char
Prelude>"abc"

"abc"

it::[Char]
Prelude>['a','b','c']
"abc"

it::[Char]

it alwaysgivesyouthevalueofthelastthingyoutyped,andyoucan
read :: as isoftype .ToHaskell,acharacterisaprimitivetype.Astring
isanarrayofcharacters.Itdoesn’tmatterhowyourepresentthearray
ofcharacters,withanarrayorwiththedoublequotes.ToHaskell,the
valuesarethesame:

Prelude>"abc"==["a','b","'c"]

True

Thereareafewotherprimitivetypes,likethis:

Prelude>True

True

it::Bool

Prelude>False

False

it::Bool
Aswedigdeeperintotyping,theseideaswillhelpusseewhat’sreally
goingon.Let'sdefinesomeofourowntypes.

User-DefinedTypes

W candefineourowndatatypeswiththe data keyword.Thesimplest
oftypedeclarationsusesafinitelistofvalues. Boolean, forexample,
wouldbedefinedlikethis:

dataBoolean=True|False
Thatmeansthatthetype  Boolean willhaveasinglevalue, either Te

or k& .W candefineourowntypesinthesameway.Considerthis
simplifieddeckofcards,withtwosuitsandfiveranks:

Download haskell/cards.hs

moduleMainwhere
dataSuit=Spades|Hearts
dataRank=Ten|Jack|Queen|King|Ace
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Inthisexample, Suit and Rank are typeconstructors .W used data to
buildanewuser-definedtype.Yaicanloadthemodulelikethis:

%Main>:loadcards.hs

[lofl]CompilingMain (cards.hs,interpreted)
Ok,modulesloaded:Main.

#Main>Hearts

<interactive>:1:0:
Noinstancefor (ShowSuit)
arisingfromauseof print'at<interactive>:1:0-5

Argh!Whathappened?Haskellisbasicallytellingusthattheconsoleis
tryingtoshowthesevaluesbutdoesn’tknowhow.There’'sashorthand
waytoderivethe show functionasyoudeclareuser-defineddatatypes.
Itworkslikethis:

Download haskell/cards-with-show.hs

moduleMainwhere
dataSuit=Spades|Heartsderiving(Show)
dataRank=Ten|Jack|Queen|King|Acederiving(Show)
typeCard=(Rank, Suit)
typeHand=[Card]

Noticeweaddedafewaliastypestooursystem.A Card isatuplewith
arankandasuit,anda Hand isalistofcards.Vé canusethesetypes
tobuildnewfunctions:

value: :Rank->Integer
valueTen=1
valueJack=2
valueQueen=3
valueKing=4
valueAce=5

cardValue::Card->Integer
cardvValue(rank, suit)=valuerank

Foranycardgame,weneedtobeabletoassigntheranksofacard.
That'seasy.Thesuitreallydoesn’tplayarole.Vié simplydefineafunc-
tionthatcomputesthe e ofa Rank andthenanotherthatcomputes
a cardValue.Here’sthefunctioninaction:

«*Main>:Toadcards-with-show.hs

[lof1]CompilingMain (cards-with-show.hs,interpreted)
Ok,modulesloaded:Main.

*Main>cardValue(Ten,Hearts)
1

Reporterratum

thiscopyis (P1.0printing.October2010)


http://media.pragprog.com/titles/btlang/code/haskell/cards-with-show.hs
http://books.pragprog.com/titles/btlang/errata/add?pdf_page=296

DAY 3: THE MIND MELD <« 297

We  working with a complex tuple of user-defined types. The type
systemkeepsourintentionsclear,soit’'seasiertoreasonaboutwhat’s
happening.

FunctionsandRimgdan
Earlier,yousawafewfunctiontypes.Let’slookatasimplefunction:

backwards[]=[]
backwards (h:t)=backwardst++[h]

V¢ couldaddatypetothatfunctionthatlookslikethis:

backwards: :Hand->Hand

Thatwouldrestrictthe backwards function to working with only one
kindoflist,alistof = cards.Whatwereallywantisthis:
backwards::[a]->[a]

backwards[]=[]
backwards (h:t)=backwardst++[h]

Now, thefunctionispolymorphic.  [0] meanswecanusealistofany
type.Itmeansthatwecandefineafunctionthattakesalistofsome

type a andreturnsalistofthatsametype a.Wh  [q] -> [0],we’vebuilt
atemplateoftypesthatwillworkwithourfunction.Further,we'vetold

the compilerthatifyoustartwithalistof Integers, this functionwill
returnalistof Integers. Haskellnowhasenoughinformationtokeep
youhonest.

Let’sbuildapolymorphicdatatype.Here’sonethatbuildsathree-tuple
havingthreepointsofthesametype:

DownTload haskell/triplet.hs

moduleMainwhere
dataTripleta=Trioaaaderiving(Show)

Ontheleftsidewehave datafEa JInthisinstance, a isatypevari-
able.Sonow,anythree-tuplewithelementsofthesametypewillbeof

type f#a  .Takealook:

«Main>:loadtriplet.hs

[lof1]CompilingMain (triplet.hs,interpreted)
Ok,moduTlesTloaded:Main.

«Main>:tTrio'a''b''c'

Trio'a''b''c'::TripletChar

[usedthe dataconstructor ® tobuildathree-tuple. W talkmore
aboutthedataconstructorsinthenextsection.Basedonourtypedec-
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laration,theresultwasa [Ha ,ormorespecifically,a  Fchar and
willsatisfyanyfunctionthatrequiresa Ta  Webuiltawholetem-
plateoftypes,describinganythreeelementswhosetypeisthesame.

RecursiveTypes

Yaucanalsohavetypesthatarerecursive. Forexample,thinkabouta

tree. Yarcandothisinseveralways,butinourtree,thevaluesareon
theleafnodes.Anode,then,iseitheraleaforalistoftrees. W could
describethetreelikethis:

Download haskell/tree.hs

moduleMainwhere
dataTreea=Children[Treea] |Leafaderiving(Show)

So,wehaveonetypeconstructor, B W alsohavetwodataconstruc-
tors, Children and Leaf. W canuseall ofthose togethertorepresent
trees,likethis:

Prelude>:Toadtree.hs

[1lof1]CompilingMain (tree.hs,interpreted)

Ok,moduTlesloaded:Main.
xMain>letleaf=Leafl

*Main>Teaf

Leafl

First,webuildatreehavingasingleleaf. W assignthenewleaftoa

variable. The onlyjob ofthe data constructor Leaf istohold theval-
uestogetherwiththetype. W canaccesseachpiecethroughpattern

matching,likethis:

xMain>let(Leafvalue)=1eaf
xMain>value
1

Let’sbuildsomemorecomplextrees.

#Main>Children[Leafl,Leaf2]

Children[Leafl,Leaf2]
xMain>lettree=Children[Leafl,Children[Leaf2,Leaf3]]
xMain>tree

Children[Leafl,Children[Leaf2,Leaf3]]

W buildatreewithtwochildren,eachonebeingaleaf.Next,webuild
atreewithtwonodes,aleafandarighttree. Onceagain,wecanuse
patternmatchingtopickoffeachpiece. W cangetmorecomplexfrom
there. The definition is recursive, so we can go as deep as we need
through let andpatternmatching.
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«Main>let(Childrench)=tree
«Main>ch
[Leafl,Children[Leaf2,Leaf3]]
#Main>let(fst:tail)=ch
«Main>fst

Leafl

W canclearlyseetheintentofthedesignerofthetypesystem,andwe

canpeeloffthepiecesthatweneedtodothejob.Thisdesignstrategy

obviouslycomeswithanoverhead,butasyoudiveintodeeperabstrac-
tions,sometimestheextraoverheadisworththehassles.Inthiscase,
thetypesystemallowsustoattachfunctionstoeachspecifictypecon-
structor.Let’slookatafunctiontodeterminethedepthofatree:

depth(Leaf_)=1
depth(Childrenc)=1+maximum(mapdepthc)

Thefirstpatterninourfunctionissimple.Ifit'saleaf,regardlessofthe
contentoftheleaf,thedepthofthetreeisone.

Thenextpatternisalittlemorecomplicated.Ifwecalldepthon Children,
weaddoneto noim(mapdepthc) .Thefunction nonm computes
themaximumelementinanarray,andyou’veseenthat ngpdepthc

willcomputealistofthedepthsofallthechildren. Inthiscase,you
canseehowweusethedataconstructorstohelpusmatchtheexact
piecesofthedatastructurethatwillhelpusdothejob.

Classes

Sofar,we'vebeenthroughthetypesystemandhowitworksinacou-
pleofareas. We builtuser-defined type constructors and gottem-
platesthatwould allowustodefinedatatypesanddeclarefunctions
thatwouldworkwith them. Haskellhasonemoreimportantconcept
relatedtotypes,andit’sabigone.Theconceptiscalledthe class,but
be careful. It’s not an object-oriented class, because there’s no data
involved.InHaskell,classesletuscarefullycontrolpolymorphismand
overloading.

Forexample,youcan’taddtwobooleanstogether,butyoucanaddtwo
numberstogether.Haskellallowsclassesforthispurpose.Specifically,
aclassdefineswhichoperationscanworkonwhichinputs .Thinkofit
likeaClojure protfocol.

Here’showitworks.Aclassprovidessomefunctionsignatures.Atype
isaninstanceofaclassifitsupportsallthosefunctions.Forexample,
intheHaskelllibrary,there’saclasscalled Eq.
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Figure8.1:ImportantHaskellclasses

Here’swhatitlookslike:

class Ega where
(==), (/=) ::a->a->Bool

--MinimaTlcompletedefinition:

-- (==)or(/=)
xX/=y = not(x==y)
X== = not(x/=y)

So,atypeisaninstanceof Eq ifitsupportsboth == and /=.Yaicanalso
specifyboilerplateimplementations.Also,ifaninstancedefinesoneof
thosefunctions,theotherwillbeprovidedforfree.

Classesdosupportinheritance,anditbehaveslikeyouthinkitshould.
Forexample,the Num classhassubclasses Fractional and Real.Thehier-
archyofthemostimportantHaskellclassesinHaskell98isshownin
Figure8.1.Remember, instances ofthese classesaretypes, notdata
objects!
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Monads

Fromthetimeldecidedtowritethisbook,I'vedreadedwritingthesec-
tiononmonads. Aftersomestudy, I'velearned thattheconceptsare
notallthatdifficult.Inthissection,I'llwalkyouthroughtheintuitive
description of why we need monads. Then, we’ll look at a high-level
descriptionofhowmonadsarebuilt.Finally,we’llintroducesomesyn-
tacticsugarthatshouldreallybringhomehowtheywork.

[leanedonacoupleoftutorialstohelpshapemyunderstanding.The
Haskellwiki 3 hasseveralgoodexamplesthatlread,andalsoUnder-
standingMonads % hassomegoodpracticalexamples.Butyou’llprob-
ablyfindthatyouneedtowadethroughseveralexamplesfrommany
differentsourcestocometoanunderstandingofwhatmonadscando
foryou.

TheProblem:DrunkenPirate

Let'ssayyouhaveapiratemakingatreasuremap.He’sdrunk,sohe
picksupaknownpointandaknowndirectionandmakeshiswayto
thetreasurewithaseriesofstaggersandcrawls.Astaggermovestwo
steps,andacrawlmovesonestep.Inanimperativelanguage,youwill
havestatementsstrungtogethersequentially,where v isthevaluethat
holdsdistancefromtheoriginalpoint,likethis:
deftreasure_map(v)

v=stagger(v)

v=stagger(v)

v=crawl (v)

return(v)
end

W haveseveralfunctionsthatwecallwithin freasure_map thatsequen-
tiallytransformourstate,the distance traveled.Theproblemisthatwe
havemutablestate.W  coulddotheprobleminafunctionalway,like
this:
DownTload haskell/drunken-pirate.hs
moduleMainwhere

stagger:: (Numt)=>t->t

staggerd=d+2
crawld=d+1

3. http://www.haskell.org/tutorial/monads.html
4. http://en.wikibooks.org/wiki/Haskell/Understanding_monads
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treasureMapd=
crawl (
stagger(
staggerd))

Yucanseethatthefunctionaldefinitionisinconvenienttoread.Rath-
erthan stagger, stagger,and crawl, wemustread crawl, stagger, and
stagger,andtheargumentsareawkwardlyplaced.Instead, we’dlikea
strategythatwillletuschainseveralfunctionstogethersequentially.
W canusea let expressioninstead:
TetTreasureMap(v,d)=letdl=staggerd

d2=staggerdl

d3=crawld?2

ind3

Haskell allowsus tochain  let expressions together and express the
finalforminan in statement.Yi1 canseethatthisversionisalmost
asunsatisfyingasthefirst. Theinputsandoutputsarethesame, so
itshould be easier to compose these kinds of functions. W want to
translate stagger(crawl(x)) into stagger(x) - crawl(x), where - is function
composition.That’samonad.

Inshort,amonadletsuscomposefunctionsinwaysthathavespecific
properties. In Haskell, we’ll use monads for several purposes. First,
dealingwiththingssuchasl/Oisdifficultbecauseinapurefunctional
language, afunction should deliver the sameresults when given the
same inputs, butforI/0, you would wantyour functions to change
basedonthestateofthecontentsofafile,forexample.

Also, codelike the drunken pirate earlier works becauseit preserves
state.Monadsletyousimulateprogramstate. Haskellprovidesaspe-
cialsyntax,called dosyntax ,toallowprogramsintheimperativestyle.
Dosyntaxdependsonmonadstowork.

Finally,somethingassimpleasanerrorconditionisdifficultbecause
thetypeofthingreturnedisdifferentbased onwhetherthefunction

was successful. Haskell providesthe = Maybe monad for this purpose.
Let’'sdigalittledeeper.

ComponentsofaMonad

Atitsbasiclevel,amonadhasthreebasicthings:

* Atype constructor that’s based on some type of container. The
containercouldbeasimplevariable,alist,oranythingthatcan
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holdavalue Wewillusethecontainertoholdafunction.Thecon-
taineryouchoosewillvarybasedonwhatyouwantyourmonad
todo.

e Afunctioncalled return thatwrapsupafunctionand putsitin
thecontainer. Thenamewillmakesenselater,whenwemoveinto
do notation.Justrememberthat return wrapsupafunctionintoa
monad.

¢ Abindfunctioncalled >>= thatunwrapsafunction.W use bind
tochainfunctionstogether.

Allmonads will need to satisfy three rules. I'll mention them briefly
here.Forsomemonad m,somefunction f,andsomevalue x:

*Yu shouldbeabletouseatypeconstructortocreateamonad
thatwillworkwithsometypethatcanholdavalue.

*Yu shouldbeabletounwrap and wrap values without loss of
information.( monad>>=return=monad )

* Nesting bind functions should be the same as calling them se-
quentially.( (Mm>>=f>>=g=m>>=(\x->fx>>=Q) )

W won’tspendalotoftimeontheselaws,butthereasonsarepretty
simple. Theyallowmanyuseful transformationswithoutlosinginfor-
mation.Ifyoureallywanttodivein,I'lltrytoleaveyouplentyofrefer -
ences.

Enoughofthetheory.Let’'sbuildasimplemonad. W buildonefrom
scratch,andthenI'liclosethechapterwithafewusefulmonads.

BuildingaMonadfromScratch

Thefirstthingwe’llneedisatypeconstructor.Ourmonadwillhavea
functionandavalue,likethis:

Download haskell/drunken-monad.hs

moduleMainwhere
dataPositiont=Positiontderiving(Show)

stagger(Positiond)=Position(d+2)
craw] (Positiond)=Position(d+1)

rtnx=x
x>>==Ff=Ffx

Thethreemainelementsofamonadwereatypecontainer,areturn,
andabind.Ourmonadisthesimplestpossible. Thetypecontaineris
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asimpletypeconstructorthatlookslike dataRin T=Rin T.Allit
doesisdefineabasictype,basedonanarbitrarytypetemplate. Next,
weneeda return thatwrapsupafunctionasavalue.Sinceourmonad
issosimple,wejusthavetoreturnthevalueofthemonaditself,and
itswrappedupappropriately,with(  rtn x=x ).Finally,weneededabind
thatallowsustocomposefunctions.Oursiscalled >>==,andwedefine
ittojustcallthe associated function with thevalue in the monad ( X
>>==f=fx ).We using >>== and rin insteadof >>= and return toprevent
collisionswithHaskell’'sbuilt-inmonadfunctions.

Notice thatwe alsorewrote  stagger and crawl touseour homegrown
monadinsteadofnakedintegers.Wecantakeourmonadoutforatest-

drive. Remember, wewereafterasyntaxthattranslatesfromnesting
tocomposition.Therevisedtreasuremaplookslikethis:

treasureMappos=pos>>==

stagger>>==
stagger>>==
crawl>>==
rtn
Anditworksasexpected:
«Main>treasureMap(Position0)
Position5
MonadsanddoNotation

Thatsyntaxismuchbetter,butyoucaneasilyimaginesomesyntactic
sugartoimproveitsomemore. Haskell's do syntaxdoesexactlythat.
The do syntaxcomesinhandyespeciallyforproblemslikel/O.Inthe
followingcode,wereadalinefromtheconsoleandprintoutthesame
lineinreverse,using do notation:

Download haskell/io.hs

moduleMainwhere
trylo=do putStr "Enteryourname:" ;
Tine<-getLine;
let{backwards=reverseline};
return( "Hello.Yournamebackwardsis" ++backwards)

Notice that the beginning of this program is a function declaration.
Then, weuse the simple  do notation to give us the syntactic sugar
aroundmonads.Thatmakesourprogramfeelstatefulandimperative,
butwe’reactuallyusingmonads.Yilwanttobeawareofafewsyntax

rules.
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Assignmentuses <-.InGHCI,youmustseparatelineswithsemicolons
andincludethebodyof do expressions,and let expressions therein,
withinbraces.Ifyouhavemultiplelines,youshouldwrapyourcodein

{ and }: witheachonaseparateline.Andnow,youcanfinallyseewhy
wecalledourmonad’swrappingconstruct return.Itneatlypackagesa
returnvalueinatidyformthatthe do syntaxcanabsorb.Thiscode
behavesasifitwereinastatefulimperativelanguage, butit’s using
monadstomanagethestatefulinteractions. Alll/Oistightly encap-
sulated and mustbe captured using one of theI/Omonadsina do
block.

DifferentComputationalStrategies

Everymonad has an associated computational strategy. Theidentity
monad, which we used in the drunken-monad example, just parrots
backthethingyouputintoit. e usedittoconvertanestedprogram
structuretoasequentialprogramstructure. Let’stakeanotherexam-
ple.Strangeasitmayseem,alistisalsoamonad,with return andbind
(>>=)definedlikethis:

instanceMonad[]where

m>>=f =concatMapfm
returnx=[x]

Recall that a monad needs some container and a type constructor,
areturnmethod that wraps up a function, and abind method that
unwrapsit.Amonadisaclass,and [] instantiatesit,givingusourtype
constructor.W nextneedafunctiontowrapuparesultas return.

Forthelist,wewrapupthefunctioninthelist. Tounwrapit,ourbind
callsthefunctiononeveryelementofthelistwith mp andthencon-
catenatestheresultstogether. concat and mgp areappliedinsequence
often enough that there’s a function that does both for convenience,
butwecouldhaveeasilyused concat(mapfm)

To giveyouafeelforthelistmonadinaction,takealookatthefollowing
script,in do notation:

Main>letcartesian(xs,ys)=dox<-xs;y<-ys;return(x,y)
Main>cartesian([1..2],[3..4])
[(1,3),1,4,0@,3),2,8]

W createdasimplefunctionwith  do notationandmonads.W  took x
fromalistof xs,andwetook vy fromalistof xy.Then,wereturnedeach
combinationof x and y.Fromthatpoint,ourpasswordcrackeriseasy.
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Download haskell/password.hs

moduleMainwhere
crack=dox<-[ ' Ty<-L
Tet{password=[x,y,z]};
ifattemptpassword
thenreturn(password, True)
elsereturn(password, False)

'a'. 'a'..'c'];z<-[ 'a'..'c'];

attemptpw=1fpw== "cab" thenTrueelseFalse

Here,we'reusingthelistmonadtocomputeallpossiblecombinations.
Noticethatinthiscontext, x<- [stff means“foreach x takenfrom [lst].”
Ve letHaskelldotheheavylifting. Atthatpoint,allyouneedtodois
tryeachpassword.Ourpasswordishard-codedintothe attempt func-
tion. Therearemanycomputationalstrategiesthatwecouldhaveused
tosolve this problem such aslist comprehensions, but this problem
showedthecomputationalstrategybehindlistmonads.

MaybeMonad

Sofar,we’veseenthe Identity monadandthe List monad.Whthelatter,
welearnedthatmonadssupportedacentralcomputationalstrategy.In
thissection,we’lllookatthe Maybe monad.W  usethisonetohandle
acommonprogrammingproblem:somefunctionsmightfail.Ymmight
thinkwe’retalkingabouttherealmofdatabasesandcommunications,
but other far simpler APIs often need to support the idea of failure.
Thinkastringsearchthatreturnstheindexofastring.Ifthestringis
present,thereturntypeisan Infeger.Otherwise,thetypeis  Nothing.

Stringingtogethersuchcomputationsistedious