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Abstract

HaskelhadongheededdebuggerAlthougtthere hadeen
muclresearctintahdopiofiebuggindazyunc tionapro-
gramsnaeobustodhayetomdronthélaskell community
thatamelplebuduiiaskell untiowT hipapedescribes
portablelebuggefofuHaskelbuildingnly orcommonly
implemente@xtensionsitbasedithe conceptbbservation
ofntermediatedatastructuresrathetharthemo reraditional
steppingandrariableexaminatiorparadigmusedy imperative
debuggers.

1 Introduction
Debuggersllowouseénsideiouprogranwhil eunning,
anthelyownderstandotithédovedontran thanternal
dataandstructureghatirdeingreatedmanipul atechndle-
stroyedT harbflebuggingviewingouprogr anthrough
thigoortalletting/ouocatethedifferencebetw eenwhathe
computenabeetoltdanahaherogramm ehinkthe
computeshoultddoing.
Wherdebuggin@nmperativeorogranusingraditio nallebug-
gingtechnology(likegdboVisualStudio)thepro grammer

mighstepghroughrsomesuspectodaisingsample estlata,

stoppin@naxaminingnternastructureskep ointsHaskell
programsamavaimperativeeneerjsinghé ®Ononadand
shoulthgossiblén seypicallebuggingech nologfosuch

part®éiaskelprogramButvherdebuggingthe partof

Haskellwecannoftstraightforwardlyusethesamed ebugging
technologyaendemternainformationbecause manyfthe
hookshaarelsedprovidéh eisewittdebugg indacilities
doonhapeatlgcrostthiazjunctionator Id.

« Theraravariabletobservehanginguring xecution.

¢ Theoncept§equenceshctioneexecuting specific
lineumbedloenaxist.

* Anylosurdhagwarentsthestationgthab uildhe
closureandyiveeontext)andhedynamiondtha t first
evaluatethelosureatacicacbecomepar ertee.

¢ Wherdunctiorigalleditargumentsnightot yebe
evaluatedshoulthdebuggettextravaluations ?

Ithipapewvargu éhahanalogbreakpoi ntingnéxam-
iningariablegodun ctiongbrogranmbservi ngntermediate
datastructuressheargpassedbetweerfunction sThisrgu-
mentarbeconsideredgeneralizatiorotheé'deb uggingia

dataflowitieproposetginclair [7].

Considehislaskeilinction

natural::Int->[Int]
natural

=reverse
.map(‘'mod’10)
.takeWhile (/=0)
.iterate ("div'10)

Thdirsstepainderstandinghidistfufuncti
functiowitsomexampldata.

Main>natural 3408
[3,4,0,8]

Thidellmsvhathdunctiordoesbuhohow
worksT ainderstandhigunctionyweeedisu
deintermediatstructurebehinthéunctioran
pipelinetlazy)ntermediatdists($scomb
application)

natural 3408

= reverse
.map(‘'mod 10)
.takeWhile (/=0)
.iterate ("div'10)
$3408

= reverse
.map(‘'mod’10)
.takeWhile (/=0)
$(3408:340:34:3:0:)
= reverse
.map(‘'mod 10)
$(3408:340:34:3:[])
= reverse
$(8:0:4:3:]])

= (3:4:0:8:[])

orgaurihe

hdunction
alizéhdid-
demsidéhe
inatofomfix

Displayingtepdikehigetgarrulougjuickly. Yetheritical
information thentermediatestructures  earbeconciselgx-
pressed.

--afteriterate ("div' 10)
(3408:340:34:3:0:_)
--aftertakeWhile (/=0)
(3408:340:34:3:]])
--aftermap("mod"10)

(8:0:4:3:]])

--afterreverse

(3:4:0:8:]])

Wavantduildoortablelebugge(inhdorno &askell
librarydhaletsaskelisergietonciselats tructuréenforma-
tionljkehénformatiordisplayedboveabout hstructuretn
theiHaskelbrogramsEverthougtoudebuggean swersnly

thisnguestion whaar¢heontentepecifimtermediate
structureshecausstructuresiHasketréoth rickindegular,
evenhisimplguestiorcarbehdasisfpow erfudlebug-
gintpol.



Ouwveratiebuggingystenafollows:

¢« WaeprovideHaskelibrarghatontaincombinat orgor
debugging(Takinghisornallowsheisetaleb udull
Haskell.)
¢ ThdrustratedHaskelprogrammeruseshesedebugg ing
combinator¢@annotatéheicodeande-runthe iHaskell
program.
¢ Thexecutiorathélaskeprogramungasormal there
aredehaviorathangebecausethelebugging annota-
tions.
¢ Thestructureshahavebeemrmarkedonbservatio rare
displayedrthaisergonsolerterminatioroth eipro-
gram.
Otheversionsth elebuggingbrarllovioo thedebugging
setupdikefflinebservationafata-structure S.
2 Debugging@ombinators
Weéntroduceunevdebuggingombinatoiterms chrim-
provementtheurrendtatethasfuti asketlebugging,
whiclesingnnsaf@inctionalled trace
2.1trace Reprise
AllcurrentHaskellimplementationscomewiththis (non-
standardunctionyhich hathgype:
trace::String->a->a
Theemanticsfracéprinfasideffec thdirsargu-
mengndeturtheecondrgumeniheraréhr eenaiprob-
lemwitisingacémiebugging.
Thdirsproblemvithracés théncomprehensiblenessbut-
putAugustssorandlohnssorhadvariatiorofrace irtheir
LMlcompiler [1]T heiconclusioraboutracevashaitvas
generallglifficultainderstandghémish-mashb éutputrom
differeninstancestfaceT higpartlpecaus ¢hetrictnessf
thdirsargumenbfracenighitselfriggeot hetracesand
parthduetdheunintuitiveorderingofazyeval uationThe
"mish-mash'problemcouldperhapshetackledusing goost-
processastheutput.
Thesecongroblenwithiraceshat insertingintdHaskell
coddgendddoenvasive changindhestructuretodeFor
exampleconsidezariantsumwhicldisplays itewrexecu-
tionsingace.
tracing_sum Xs=tracemessageres
where
res=sumxs
message="sum"++showxs++

"="++showres

Runningracing_surasingluggives:

Main>tracing_sum[1,2,3]
sum[1,2,3]=66

Main>
Wahavebservethdehaviooumbuteededd makaon-
trivialodehangegiso.
Thénirgroblens tracehangethstrictnesghéhingis
observinbecausdracaidhyper-stricintdirsargu ment.
Considaracingersiodbt.
tracing_fstpair=tracemessageres
where
res=fstpair
message="fst"++showpair++
"="++showres
Usinghisersiorofsiproblematichecaus® thetrictness
dfacing_fst.
Main>tracing_fst(99,undefined::Int)
fst(99,
Programerror:{undefined}
Main>
2.2 Introducingbserve
Théunctiotraceameeallysefubdebuggi n¢askelhut
théon&idshortcominghatracestiod ovkeveBuild-
ingombinatolibrariesgcommorwayduild row-level
primitivesgivingnterfacegshatarebothfriendl iemandmore
intuitive.
Whatorntouldnigh elevellebuggingombinator take®s-
inghexampléthéntroductiormagvidencewe argu¢hait
shouldakeéhéornodunctioth ahllowsis observelata
structuregdransparenivayAsvaghchiev inghiszon-
sidehelaskefitagment:
consumer. producer
Imagindh&reluddunctiond rememberédrgumeniWVe
coulihserstrategicallplacei’sandlvoul tels/hagot
passettorthproducetheonsumer.
consumer.id.producer
Waerguehathighetevetombinatofodebuggi ngshould
takehigormandbottpassing@rargumentransp arentlyand
observingndememberingT dacilitatenultipl ®bservations
imn@rogramwel satringrgumentyhiclis dabalsed
onljoidentificatiorpurposesT héyp@bup rincipadlebug-
gingombinatas
| observe::(Observablea)=>String->a->a |
Ithabovépoint-freegxampleyeouldrite:
consumer.observe"intermediate".producer
Thidagenticalemantic$o consumer . producer buthe
observaquirrelawaghelatatructur¢hagets drawithrough
iputtinghtsomeersistenstructu réolr ateperusalsar
athexecutiomflaskefprogranisoncerned) bservéwitla
labeliju sversiorof idNoticehabbservearbelisedo
observeangxpressionnojusthéntermediateraluednsid a
point-frepipelineyertieexampledfots tylekter.
observénagypelassestrictiororih@bject beingbserved.
Thidoesdurouthebigroblenami ghbéhought.



3.2 Observingmtermediatést

observecarbausegartially
scenarizvheonbservingsidaoint-frepipelin
ex2=print

.reverse

.(observe"intermediate":: Observing[Int])

.reverse
$[0..9]

This observenakethllowingbservation

appliedwhichgheypicalise

e.

--intermediate
9:8:7:6:5:4:3:2:1:0:]]

3.3 Observingnfinitést

Botlthdéstsvbavebserveddawerdinite.
aiobservationamfinitéstonsider:
ex3:10()
ex3=print

(take 10

(observe"infinitelist"[0..])

)

Herevebservarnfinitéststartingwh
1@lementsakerironiandsherprintedRun
amplallowstmakthebservation

Aarxample

icthhashdirst
ninghiex-

--infinitelist
0:1:2:3:4:5:6:7:8:9:_

Weprovidénstancesoathélaskelld®asdyp egintBool,

Floatetc)asvelhsnangontainergListArra yMaybeTu-

plesstc)Wevitietu rshspecificsthis restrictiom$ec-

tion 5.2pecausehdypelassnechanisnprovidedhe frame-

worthanablesbservaork.

Hovdoesbserveomparevithespedith¢éhree weaknessf

trace?

¢ tracesometimeproducedmish-mashobutputl rour
systemwerovideenderingsyisingorettprint emthe
specifiobservationgnaddybserveT hisposs iblde-
causeobserveprovidesastructuredwayoflooking at
Hasketibjects.

¢ Unlikeadvancedise®fraceminimatodechanges are
requiretbbservamtermediatstructure.

¢ Finallpndriticallythetrictnessth@bser vedtructure
imothangedbecaus®bserveloenoti@anygva luation
dhebjedbebservingObservatiomdin finitésor
bidtdif _perfectlyalidgesshadleshortly.

3 Examplesdisingbserve

Nowvdoolaseveratxample®f observéoeingisedpefore

explainingowimplemerdgbservéection 5.

3.1 Observindnitést

Afirstxampleonsider:

ex1:10()

ex1l=print

((observe"list"::Observing[Int])[0..9])

Iiveurthiactiomsidénelebuggingonte Xexplaineah

Section6.1)yvesoulthakéebservation

--list

0:1:2:3:4:5:6:7:8:9:]

Wehavesuccessfullyobservedanntermediatedata structure,

withouthanginghealuesemanticsthéna Haskefpro-

gram.

Waeis¢he observéypsynonyniallowusbexplicibo ut

whayparthinkarebserving.

typeObservinga=a->a

HoweverpsinghisxplicitypingoptionalWe couldhave

equallywellritten

ex1l=print(observe"list"[0..9])

Thiglefinitiomowevereliestheefaulinecha nisnchoosing

arinbintegelistTypicallsheyp@bbser véfuligeter-

mineitsontexhuvsometimescludéhe typsignature

witlouexamplesoakexplicittheeadewh atypébe-

ingbserved.

Weasethdihavbeervaluatedyuhe
condhasobeerevaluatedrenderedisinghenot
mordh&sverextractedye/ouldemore

3.4 Observingstwitinevaluated
elements

Savhaaboutinevaluate@lementsthéist®ha
teakéehengtkiinitist?

ex4:10()

ex4=print
(length
(observe"finitelist"[1..10])
)

Thigivethebservatioas

taitha0 th
ationt _"If
consellsgtc.

fvevere

--finitelist

Whdhelementaere 17?

ex5:10()
ex5=print
(length
((observe"finitelist":: Observing[()])
[error"oops!"|_<-[0..9]]
)
)

Thigivegxactitheamelebuggingutpuasx4
neveevaluateheelementsitichomattewhat
everihelementsverdottomWaeededgive
non-polymorphitypeswveaactuallgbservin

. Becausave

theyvere,

them some
enthough.




Whabounlgomelementarebserved?

ex6::10()
ex6=letxs=observe"list"[0..9]
inprint(xs!!2+xs!!4)

Thisxamplgives

2 4
Wecarusenbservedottsealatensidentermed iatestruc-
turesan@ls@agiodicedownuclodazy structures

actuallgvaluated, withoueasdhanginghevaluatioorder.
Thigvherthpowenf observies.

3.5 Usinghoréhaonebserve

On@rograntarcontaimangpecifigistan cesf observeWe
mightewritehenaturaéxampldrontheéntroduc tion("..."
referanoreexgshowimutputomments)

natural::Int->[Int]

natural

=(observe"afterreverse"” ::Observing[int])
.reverse
.(observe"aftermap..."
.map("'mod 10)

::Observing[Int])

.(observe"aftertakeWhi...":: Observing[Int])
.takeWhile (/=0)
.(observe"afteriterate..."::Observing[Int])

.iterate ("div'10)
Runninthisthexampldate8408jives:

Functionsrebservednlyrthespecifievaysh ewraised.
Functiorargumentgqoresultsmightontainuneva luatedas-
pectdikeeverathexampleisection 2.1.

WhaloethiseaipracticabrmsRet®ok

ex7=print

((observe"length"::Observing ([Int]->Int))
length[1..3]

)

aexample:

Thiallowthéllowingbservation

--length
{\(_:_:_:[])—>3

--afteriterate ("div' 10)
(3408:340:34:3:0:_)
--aftertakeWhile (/=0)
(3408:340:34:3:[])

--aftermap("mod”10)

(8:0:4:3:]])

--afterreverse

(3:4:0:8:]])

Thisxacthyhavererokintiount roduction!

4 Advancedsesfbserve
Wehaveseerhowobservespowerfutoolosee ingvhat
beforavasiddenWen ovloolan umbeobther waysf
usingbservdéodebuggingbeyonaimpljooking insidgipe-
lines.

4.1 Observingunctions
liveammbservdaseypeglikénand oolja ndambserve
containerglikeuplesandists) carwealsabs erveHaskell
functions?

Whatloednearni@bserveunction Wergue hatob-
servdunctiorsmbservdinitenappindro nfobservable)
argumentsqobservablejesultsSofooubbse rvationapur-
posesfunctionsrgustbagérgument-result pairspnédor

eactim#hebservetlinctiors invoked.

Waoticaumbethingabouhisxample.

¢ oObservenovtakeshreargumentsthdabelthe bserved
entitgthdengttiunction)andhargumentb engthRe-
membethatobservelabel>igtylethnd ilste-
turngargumen(r heffeabith &laskepprogr ancaie
explainedsingimpleswriting

(observe"length"::Observing ([Int]->Int))

length[1..3]

--removethetypeannotation

=observe"length"length[1..3]

--turnobserveintoid

=idlength[1..3]

--idtakesoneargument

=(idlength)[1..3]

--whichissimplyreturned

=(length)[1..3]

Thinefasoninglsavorksvitfurthesrgu mentsand
observecarsuccessfullyobservemultipleargument func-
tions.

¢ Rathethamendefunctionadagpairsye takéber-
tieandisenorélaskelikeyntaxwhemprinti ngebug-
gingutput.

¢ Théengttunctiomicdbokpardtarg
cificalihelementsthdstT higmev ayeflecting
thetatethdstselfSomeonelsenighta vevaluated
thelementdhuivevitievese¢hibpbservi néength,
becaus¢hebservationtengtienlgoncernedvitth e
wathargumerdndesulasedpecificallipy lengthin
thatontext.

umenspe-

cebservat
ifitunctiornas

ObservindunctionggenerangowerfulVela
theallesiteandarse¢heffecthaspec
frorthisontexincludingighesrddunctions
ex8=print

((observe"foldI(+)0[1..4]"

::Observing((Int->Int->Int)

->Int->[Int]->Int)
Yfoldl(+)O[1..4]
)




—foldI(+)0[1..4]
{\{\64->10

\33->6

N12->3

N01->1

}

0

(1:2:3:4:]])

->10
}
Noticdopbserving  foldiywédavelsmbservedsarguments,
includingafunctionabne Wecanseeexactiyjhow higher-
ordernesghisxampl@sed.
Weamakegreatis@bbservindgunctionsvhere Xxamining
pipelinesRkReturningounaturatxamplewean novwobserve
thendividuatransformersyathetharthestruct uredetween

them.

natural::Int->[Int]

natural

=observe"reverse" reverse
.observe"map("mod 10)" map("mod"10)
.observe"takeWhile (/=0)" takeWhile (/=0)
.observe"iterate ("div"...)"iterate ("div' 10)

Notic¢gher@m . Betweethebserveantheriginalode.
Waiveheoutpufroniiterate..'andtakeWhile .."the
otherarsimilastyle.

--iterate ("div 10)
{\{\3->0
\34->3
\340->34
,\3408->340
13408
->3408:340:34:3:0:_

}

--takeWhile (/=0)
{\{\0->False
A\3->True
\34->True
\340->True
,\3408->True
}(3408:340:34:3:0:_)
->3408:340:34:3:]]

observeM:: String->M()
observeMIlabel
=modify (observelabel::Observing State)

BylacingbserveMéappropriate placesyeartaksnapshots

ofhestateOthecombinatorgarbéouiltdoo knsidether
monaddikeheeadanonadndriteamonad.
observeMvaistrumentaithelebuggingdias kefinodel
ofprettyrinteuseditheddavdasediatatr ucturdrowser

presentedSection 6.2Quickcheck [2vasiseddingbrob-

lematiccountelexamplesanbserveMopenedugh anner
workingthdaultiHaskethodelOn@roblemvi ttherigi-
naHaskelnodelvashadrnupdateth staté thenonad
washobeinglonecorrectlyandhisnanifested tselfrthe
formofinevaluatedcomponentsnsidehestateha tvereex-

pectetbontaievaluatedata-structures.

4.3 Observinth&donad

Cawebservan IGactionAn  ICactiorhaswgartsthe
actiorfwhichepaque)andheesultthact ionwhictwe
cammbserveWeendean I@ctiomisingh@seudo-constructor
<l0>fpllowetgobservatiomthesturnedbject Consider
thisxample:

ex9:10Int

ex9=print
((observe"getChar"::Observing (I0 Char))
getChar
)

Wouldendeas

--getChar
<lO>'x'

}

Thisscleasummanpfvhathdransformersve reloing.
iteratéookarntege(3408)angroducedstre anoflecreas-
ingumberspivhicthérdiverevaluatedV/ alseebow
théunctionahrgumentiteratevasisectakeWh ilturneen
infinitéshto  &nitéstyhefounthelemerQ.

4.2 Observinth&tatélonad
Wearusebservedoolthestaténsidehe statenonad.
Statenonadsypicallipavatatéransformeiun ctiothatbkes
gompletstateandeturnsevetatel et'sa Il thisunction
modify.

modify:: (State->State)->M()
Wearobserveahestatespecifipointising thdéunction

observeM.

Weeathiassomeideffediappenedesulti
"‘Weingeturned’Aanother examplesonsider:

ex10::Char->10()
ex10ch
=print
(observe"putChar"
::Observing(Char->10()))
putCharch
)

nghgalue

--putChar
letfn'x'=<10>()

Weeathisbwdavdunctiothaibkes,
effecttufgnceturnanit”.

doesomside-

OngreapossibleisebbservinghéOnonads
beringeadandvritesmutableariable§lO Ref
Inhisvayfunctiongbrogramsyrittefrmimpe
cabdebuggedsingbserve.

foremem-
andVars).
rativenanner




4.4 Multipl®bservations

Oneveaknessfbservéghaheréaovagf
thelifferenbbservationsidendéunctionTwo
naturalvouldesulireactobservatiorbeingeco
satontainintyvetructurefeactabel.

tyingpgether
invocationsf
rdedgiving

Sdivealiaturakiti3408anthtewitii 2
observationsoeachabeWeeturiidhdist
tiongxampléobrevityth@roblenfandolutio
tlunctionsivially.

3ydavenvo
ofhobserva-
narriesver

--afteriterate ("div' 10)
{(3408:340:34:3:0:_)
,(123:12:1:0: )}
--aftertakeWhile (/=0)
{(3408:340:34:3:[])
,(123:12:1:[)}
--aftermap("mod"10)
{(8:0:4:3:1])
(3:2:1:)}
--afterreverse
{(3:4:0:8:]])
(1:2:3:0)}

--natural
{\3408->3:4:0:8:[]
}

--afterreverse
3:4:0:8:]
--aftermap
8:0:4:3:]
--aftertakeWhile
3408:340:34:3:]]
--afteriterate
3408:340:34:3:0: _

--natural
{\123->1:2:3:]]
}

--afterreverse
1:2:3:[]
--aftermap
3:2:1:]
--aftertakeWhile
123:12:1:]]
--afteriterate
123:12:1:0:_

Nowvtherénothindgyingogeth ethelatéhas
pipelineaparfroomanuabbservationsT heres
(becauselbzgvaluationthathelatavibe orderedikehis
examplelrordet@llovindividuagpipelineso havavapf
tyingbservatiotogetheryprovidanothesomb inator.

har¢hsame
nguarantee

observations:: (Observablea)
=>String->(Observer->a)->a
dataObserver
=Observer(foralla.(Observablea)
=>String->a->a)

Waaveouethélaskell98ammbecausevare usingank-
2olymorphismobservation passesiocaversion obbserve,
allowingscopedersiombeisedvhemnlebugging Arxam-
plasehisombinatds

natural::Observer->Int->[Int]
natural=observations"natural"natural’
$\(Observerobserve)->
(observe"afterreverse" ::Observing[Int])
.reverse
.(observe"aftermap..." ::Observing[Int])
.map("mod10)
.(observe"aftertakeWhi...":: Observing[Int])
.takeWhile (/=0)
.(observe"afteriterate...":: Observing[Int])
.iterate ("div'10)
Athipointyargettingliminishingeturn®
madaumbeothangestheodégetis¢he
torsiNoticaveanjusteturdocadbservé
innsideheonstructorObserverhecausebserv
fullgolymorphitype.

ecausevbave
seombina-
uheedovrap
enushavel

Thexampleutputs...

Thignoretructurececordf’hdtappened.

4.5 Summargisingbserve

Weéhaveseermangxample®bbservesuccessfully observing
internasometimegtermediatestructuress  botlyeneraand

flexibleworkingnmanydifferenpracticabetti ngssuchas:
observingpoviunctiongreisedpbservingtate nsidenonads,
andbservinifactions.

5 Howloesbservavork?
Wedavalemonstratedhabbservearbaisecas powerful
debuggingpobuwetiieethnsweahegue stiowtiowo

implemenbbservéagortablevayT hisectiom ntroduceshis

newnechanism.

Takeaexamplthiklaskeiiagment.

ex12=letpair=(Just1,Nothing)
inprint(fstpair)

Whastephas paigonehroughrithéHaskekxecutionAll
expressionstadgnevaluatethunks.

... pair=<thunk>--start

startshevalua-
ibevaluated

Firstprinihyper-strichitergumentsadt
tiomthexpressiori(fgpair)'Thisausepa
vissteturningu plevittwthunks side t.

... pair=(<thunk>,<thunk>)--afterstep 1

Nowvthédunctiometurn ghérstomponendf théupleand
thislemerniurthezvaluatetgrint.

... pair=(Just<thunk>,<thunk>)--afterstep 2
Andinallythehunknsidehelustonstructor ievaluated,

giving
...pair=(Just1,<thunk>)--afterstep3




Thigvaluatiorcarbéllustratedliagrammatically showinghe
threevaluatiostepthahistructureverthr ough.

.

! (€]

(*.°)

! (@]
Just e
! (3
1

Weamovexplairth&eydeabehindhénpleme ntatiorof

observe.

«  Weautomaticalljnserside-effectingunctionsn placef

théabeledrrow gth eliagranabovewhictboth return
thecorrectesulbrthesvaluatiortoveakheach ormal
form, andhlsanforngpotentiallpfflinedgenthat the
reductiorhagakerplace  Atthunkgincludingnternal
thunks)arethereforereplacedwithfunctionghat, when

evaluatedriggehamformativeideffect.

¢ Was¢hdypelassnechanisnasvehicldoth isys-
tematigruntimekgwriting.

Nextvexaminthdetaildfotkihesaleas

5.1 Communicatinth&hapebData
Structures

Waeeedgiveen ouglinformatiotouvieweto allovio
rebuildocatoppbuobservedtructurewha information
mighthesside-effectinfunctionsend?

¢« Whatvaluatiohappenepatiocation)

¢ Whahevaluationeducetf(:@\othinggt C)

Soithexamplebovevevoulgasshédollowin anforma-
tiomiawsideffectinfunction.

Name | Location Constructor

<> oot typle constructor with two
children

<1> firdhuniksideoot Thelujstonstructowi trone
child

<1.1> ffirshunksidthe
firshunéheoot

Thimteget

Thigrformatiois  enoughoecreat¢hebservedtructuralVe
stawithanevaluatethunk.

o root

Weheaccepghérsttef<>piving

( °o <I> ° <2>)
’

Here<1>epresentghdirsthunknsideheons tructopro-
ducetthérsstepaneg 2 ¥epresentthe seconthunkom
theameeductionVéheaccepghaexhunk <1>piving

(Juste  ave =)

Herel.1¥epresentthérgandniythunkf
producedyhehunkabeled1>Finallyweacce
tioabowt1.1>giving

(Justl,- )

Bylefaultijvéknownothinglboughunkif's
like 2\Wa ovookt ovim seumessage
tionmtoudatatructures.

theonstructor
pinforma-

unevaluated,
passinfunc-

5.2 Insertingntermediatebservations

Waeisaworkefunctionpbservertdotheltbu
offlinepgenabouteductionfiappeninganglac
tmewnstancesbbserveorathsub-thunks.
typésuchunctiors:

observer
::(Observablea)=>[Int]->String->a->a

Th@nihsetbepresentheattrontheo
abovexamplebserveabdefinettermef

(potentially
durthecalls
Ong@ossible

ogseeithe
higinction.
observe=observer(]
Leticonsidethegenericcasgonbserverpover gseudo-
constructom hialsactaamformaemantic &wbserve.
dataCons=Consty 1.ty n

observerpathlabel (Consv 1.V n)

=unsafePerformIO

{send"Cons"pathlabel

sreturn(
lety 1=observer(1:path)labelv n

y r=observer(n:path)labelv N
inConsy 1.2y n)
}

Weam oticanumbeofhinggbouthdunction fromhis
pseudoode.

¢ Observerstrictrit€onstructoargumentThi 108
contradictionfromtheclamthabbservedoesnoe ffect
strictnesafhabservingtheameay that

forallxs::[a].foldr(:)[Ixs=xs

Foobservettoolatsonstructoargument, musdtself
b#hprocesdieingvaluatetdVHNF.

¢ Theonlhyplaceobservecargestuckevaluateo 1Js

wherninvokingsendTherasgreasonablepresump tion
thahiwifidilockail.

¢ Thpatesehtridashiofassumingend istrict).

*  oObservecachang¢hspacdehaviogbrogramshecause
ibseangharingteeplication.



vassumé¢hatheatlimonstanstringan dendoesot
gettuclsimplequationakasoningashowha t

forall(cons::Cons).cons=observe"lab"cons

fangonghabovéorm.
¢ Stricfieldguste-triggerevaluatioroflready evaluated
things.

*  WearconsidebaseypegInt|ntegergtcYd darge
enumeratedypesandcapturehembytheabovecla im
aboutonstructorgyeneral.

Functionareapturebsiffererinstance:

observerpathlabelfnarg

=unsafePerformlO$do

{send"->"pathlabel

sreturn(
letarg'=observer(1:path)labelarg
res'=observer(2:path)label(fnarg’)
inres’)

}

Thigimplificatiorfbecaus®bserveactually
ataniqueeferencéoeacltunctioinvocation
turehdehavioadanshdHaskekvaluation

Againyasesasoninlikéhatbovelairth at

forallfnarg.fnarg=observe"lab"fnarg

needsgener-
budloesap-
izoncerned.

5.3 Th®bservabl€lass

Wausdhdypeslassnechanismdamplementhe/a riouse-
peatedallgthevorkefunctionpbserveiaa nevhemtruc-
turegetevaluatedWenavexlasObservablean doeach
observablel asketlbjectybavainstancef hislass.

classObservableawhere
observer::a->0ObserveContext->a

Reusingudiagranfronection 5.hbovewdav&allso

observer.

[ )

iobserverl]“ label " (<...>,<...>)

(*.°)

lobserver [“ label "(Just <...>)
Just e
iobserve [1,11*" label "1
1

Thdrstalisesh@-tuplénstance®bserva blethesecond
usethdlaybenstanceanth¢hirdseghént instanceEach
calllsgivergontexyvhicttontaingrformati omboutvhere
thiguniselatiotiparerode.
Ilmuimplementationwe s@ombinatorsend, @aptur¢ghe

commornidiomausedvhenwritingnstancesobbserv erThe
Observablmstancé2-tuples:

instance (Observablea,Observableb)
=>Qbservable (a,b)where
observer(a,b)=send","
(return(,)<<a<<b)

bbserversalledth@-tupléypesends packetihfor-
mationsaying  hasoundupleandetsi pwoevthunks
thatrtheomponentdheuplel hgypes ens

send:: String
->MonadObservera
->Parent
->a

MonadObserveidazytatenonadhabotitount sheotal
numbet$ub-thunks¢hisonstructonasangrov ideginique
contextothesub-thunksParenisimplgpame fotheon-
text.

Severaxamplegkahstancearacludeth thé&ppendix.

6 ThélaskelDbjedDbservation
Debugger

Wéavénplementedhes@leasncorporatinghem intdull-

scalelebuggingoolveathélaskelDbjecDbs ervatiorDe-
buggeWgivahomvervievahéodiere. Aisemanual
iavailablenlindessenced; O Olsedd llows:

*  TheuseigesponsibldoimportingheObservd ibrary,

whichexportsseverablebuggingunctionsjncludin oob-
servegndddingtrategiobservetthetode.

¢ Usingh®bservdibrarproducesiinternatac efvhat
wasbserved.

e Athéerminatiomtheunningheoddeinge bugging,
somecodartheDbservdibraryecreateghestru ctures,
mucHikevasionérSection 5.1andhestructuresre

displayetthaser.

6.1 Th®bservébrary

Th®©bservébransimplementatiomthebs erveombina-
torsomesupportingombinatorsandnaninstance $ovarious
HaskelypesObservprovides:

Bas@ypes: InBooFloaboubldntegeChag)
Constructors:  (Observablegjaybe)
(ObservableDbservablb)
=ta,an@ArrapnEither a)

(..¥3-tuplej-tuples-tuple

Functions: (ObservableDbservableyta -b)
I®/onad: (Observablegt@
Extensions: Exceptiongerroetc)  witGH@n&TG ugs



Inordetalalebuggingyouneeddeansided ebugging
modeWherthisnodagurnednthéracéogfil ésreated,
andhesystemigeadyforeceivingpbservations. Wherthe
modéurnedfthéracdodfiléslosedwe provid@om-
binatdhdtelpwittheseperations.
runO::10a->10()
Thisurnsmbservationsun therovidedc tionturneff
observationsandeturnsiradaskelbrogranwit fmainyou
mighwrite
main=runO$do

..restofprogram..
Thelpitinteractivasayprovidavextra combinators.
printO::(Showa)=>a->10()
printOexpr=runO (printexpr)
putStrO:: String->10()
putStrOexpr=runO (putStrexpr)
ThesargrovidedoconvenienceFoexamplein Hugsou
mighwrite
Module>printO (observe"list"[0..9])
Becauséhisersiombrinstartthebservatio nsyogamnsé
athélugpromptandnakebservationsithings aheom-
manthevel.
ThoughObserve.lhgstselfairhportablgneedi ngonhun-
safeP erformlOandiORef)wealsoprovideversionso fOb-
serve.lhsforspecificcompilers.ClassicHugs98us esrank-2
polymorphisminoneplaceothemplementation an aduses
MVardallonwdebuggingtoncurrenprogramsGH Gand
ST®E ugsalsosextendedersion hgprovidex tréunction-
alitfoobservindgxceptiongndandlinghreade axecution.

Catchingobservingandrethrowingexceptionsallow Syouto

observeexactlyvheréryoudatatructuresrer roizaised,
angherhapdatecaralsdeisedodebuggingr ogramshat
blackhole.
ItheAppendixvegiveeoddragmentdronthedbs ervei-
brarywhichincludemanynorexampleoinstance dothe
Observablelassiisewantsobserveheir owrstructures,
thetheneedprovidéhemwimstancesdowe velgsan be
seerthiguitetraightforward.
Therar@ouplemportantaveataboutavin gbservas
functiorprovidecb\dibraryrathetharesepar atecompila-
tion/interpretatiomode.
¢ observéseferentiallyransparentvitiiegardo thexecu-
tiorothéHaskeprogrambubbserves otef erentially
transparentwithregardtgpossibleobservationst might
makeCompilepptimizationsnightnoveobservearo und,
changingshasbservedderaexamplprobl em
letv=observe“label’<expr>
in...v...v...
ThimigHigansformeihto

...observe“label”<expr>
...observe“label’<expr>...

Thidoeadurouib@roblempractice. Thigans-
formationandotherproblematictransformations,th ough

technicallyalidchangehesharingoehavioot hepro-
gramCompilersmatkéchang¢hessorts proper-
tiewvithoufullynderstandingheamifications ofloing
soFurthermorethevorsthatarapperisin glstruc-
turésbserve@umbedimedhisccurre dghould
bebvious/habappening.
Thiglitchwitrobserveurn ouhotdeprob lenmin
GHCClassiHugandTAHugslanytheHaskel |
compilehasproblemwithinappropriatesharing bb-
servethisarbdixedeverpddingspecial caséthe
sharingptimization ltdoeasiet@ddpe ciatases
thaavholdebugger!

¢ Hugsloesote-evaluateopevelipdatablevalue scalled
Constanfpplicativd=ormgCAFs)betweerspecific  invo-
cationséxpressionstheommandn@rompt. Thiga
goodhingrgenerabuitlsanean shafo wvanto
observestructurénsidéC AFyouneedioeloa thef-
fendingc AleachimgowvantobservéT his igust
mincannoyanceépracticgperhapsiugfatu rningff
cachin@CAFdetweerexpressiorevaluation<ou Ibe
added.

6.2 Usingh&lOODrowser

Wahavarextensioritheeleasedersiomfd OO Dthain-
cludebrowsehallowdynamigiewingtr uctures.
Ithisewersionmodifiedersionth©bse rvébrarputs
theracingnformationntdilealledbserve. xmIThoughit
mighdeenthaXM ipoochoicémmmterme diatéormat,
ofthehelfompressiortoolsesul@urpris inglgoodjual-
itptompressiorfaroun®0% whiclyivesignif icantlpetter
fooprinsizeharstraightforwardinarformat, andvénave
plan$ofutureersiothatise@re-compress etraceypipe
theacdirectlgetweeprograrantrowser.
ThédrowsereadsheXMlfilean @llowsheiser tdrowse
thestructureghatverebservedT a@lemonstrate ubrowser
tookakéhexamplebservatiomrfoldfrons ection4.1We
useunGnsidenaindurmmandthebserva tiomachin-
ery.
main::10()
main=runOex9
ex9:10()
ex9=print

((observe"foldI(+)0[1..4]"

::Observing((Int->Int->Int)

->Int->[Int]->Int)

YfoldI(+)0[1..4]

)
Thisproducesthéfilecalledobserve. xmiWenows tarour
browsertheletailsrémplementatiordependenthuthi €an
belondirectlysinglVMgironmsidé&l etsca peinternet



ExplorerAftethdrowseistartedipffers heisedisof

possiblebservation#moit.

+ Haskell Object Ohservation Debugger

Feload I Ifile:a’d:a’mastera’hooda’examplesflazysum.xml *HOOD w01 *

Dizplay Before Evaluation |
Digplay After Evaluation |
Dizplay Statically |
Dump ToFile |

Loaded B5 events

steps)Ve
hoosealis-

Thishowsisvdavéoads Sevents(observatio
onhhavenebservatior{"fold+D"andve
plagftezvaluatiorgiving

<] 2]

-— foldl {+) O

{f let fn { let fn & 4 10
fn 3 3 = @&
fii:d 2 =3
fn 01=1

o

10

Thiglisplayisesolorsgivenformatiorbeside theavtext.
Waeusepurpldobaseypesbludoconstructors plackor

syntaxandellovhighlightindothdasexpres siorchanged.
(Notethipicturshowingralternativgpossible syntaforen-
derinfunctionalalues.)
Thisviewerhastheabilitytostepforwardsandba ckwards
throughhebservationseeingvhapartth@b servationvas
evaluateddemandedjwhabrderThoughimany casesve
arenointerestedithisnformationisometime sinvaluable.
Foexamplefvstepaclevetepsduringur perusathe

foldixampleand/eeatrangthing.

“foldl (+) 0 M=l E3
<<|
-— foldl (+) O
{letfn{letfn?_=0
fn ? = 2
fnl =7
fn 0 1 =1
H
0
(L : = I
= 9
H

WaeisefredAsignifarexpressiorthaha $eerentered

(someonéasequested®valuation)buhasot yeteached

weakeadormdormWearseevdavaumber afjues-

tiomarksyhicleorrespontieathemastghai Enterag
consequenceofdazyaccumulatingparameteravel Fknown
strictnesbug.

Thiglynamiwiewinghowstructurendunctions areised

insideeatontextsatringvhol@evievedf understanding

olvhagoesmwhemvevaluatfunctiongirogram sndould
servaasefydedagogicdbol.

7 RelatedlVork

Therearegtwopreviouspiecesofvorkthatusethe explicit

observingptermediatstructuresebuggingi d.

«  Hawkanicroprocessoarchitecturespecificatiore mbedded
languaghbafunctiooallegrobe [4].
probe::Filename->Signala->Signala
probeworkexacthikebserverth&igndévelyvh ere
SignalargustazyistsHowever, probe istricirthe
contentothesignalsacarchangehesemant icod
sign&ncouragingly, probehaturnedubextremely
usefupractice.

¢ Thetream-basedlebuggemn [9ktheisepbservdazy
streamsagheyareevaluated.Thenformationgath ering
mechanisnwasompletelgifferentTheistream-ba  sedle-
buggensed@rimitivgisWHNR -Boofimaksure
thathepevecausextravaluationvhemlisplay ingtruc-
turesWeexpecthatveouleémulatathdeha vioof
thidebugge@andordpunewrowser.

Thevorlirthipapewasindertakerbecauseth esuccess
storiesolthpotithes@rojectsanthéopé hadugenerali-
zatiorobothwilbeisefulpracticevhemebu ggindgrlaskell

programs.



Aompletelescriptiorndth eattemptsbuild ebuggingpols

foezfunctiondanguagés gpossibleluéo sidémitations.

Hereshogsummarghéechniquespmore detailabout

writingdebuggerdoHaskellWatson’shesis [10]sgreat

startingoint.

Theraravbasiapproachetimstrumentinglas kedlode:

¢ Thdirsiwwhereodasransformeddnserex trgside-
effectingjunctionshatecordgpecifiactions, likentering

functionanavaluatingtructuresThdransforma  tiorcan

belondnsidéheompileandhereforeompiler specific)
odoneaspreprocessingasgcomplicatinghe ompila-
tionrmechanism.)rpracticesuchrransformations turrout
tieiedspecificompilersOnexamplefr acingia

transformationghevork$parud
fahahcompiler.

[8]migraception

¢ Theecondpproachgatheringlebuggingnformat ioris

augmentingreductiorenginégathetheelevan infor-
mationandsompletelgompilespecificOnex amplef
suchaeductiorengineghevortoNilsson [5lwho
modifieth&-machinesductioengine.
Usingheawdebuggingnformationgathereddel ebug
Haskelprogramssdifficulproblem partlyfor theeasons
alreadynentionedthéntroductionOnémportan tlebugging

strategigalgorithmiglordeclarative)debugging [6]Algo-

rithmiclebuggereompare¢heesulbspecifich unkstom-
putationglikéunctiomallsyvithvhah erogr ammaentended.
Byskingherogramme(oaroraclexbouéxpec tationsthe
debuggecamoméodug’'tocationobserve amesetb
perforrmanualersioadlgorithmidebugging.
8 Conclusion&utur&Vork
AlpreviousvorlordebuggerdoHaskethavenl ypeenm-
plementedosu bsetsiflaskelan @réherefore dimitedise
fodebuggingedaskepprogramsThipapecom battheeed
fodebuggingeaHaskelbyisingportabldibr arpflebug-
gingcombinators,anddevelopsasurprisinglyrich debugging
systernsinthem.
Ther@vortbeonwvitbuildingemanticfo observeThe
semanticgivem [3jouldgooglacestart.
Thislebuggingystentouldaenadevermoreaisef uithe
Observableclassestrictiorwasemoveditvould beconceiv-
abledavecompileflagvherébservablépa ssedilently
everywhereandhereforearbelsedvithoutype restrictions,
providedvesupplhyadefaulinstanceoObservabl eAlterna-
tivelygeflectionnterfacenighbeiseditoo ktonstructors

irgpolymorphiavayallowingheypeclassestr ictiortdoe
totallgliminated.

HOODawepage: http:/iwww.haskell.orghood

Thérstersiomfloothabeemeleasedands availablérom

thevelpagefutureersionviihcludéhgra phicdrowser.

Thesourceoddincludingcopytheyraphical browserjs

availabl&ortheam€V &epositorg&H @n ugs.
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AppendidA  HaskelCod&on®Observe.lhs

classObservableawhere
observer::a->Parent->a

typeObservinga=a->a
--Thebasetypes

instanceObservableInt where{observer=
instance ObservableBool where{observer=
instance Observable Integer where{observer=
instance ObservableFloat where{observer=
instance ObservableDouble where{observer=
instance ObservableChar where{observer=

instanceObservable() where{observer=

observeBase::(Showa)=>a->Parent->a
observeBaselitcxt=seqlit$send (showlit)(re

observeOpagque:: String->a->Parent->a
observeOpagquestrvalcxt=seqval$sendstr(ret

--Theconstructors

instance (Observablea,Observableb)=>Observable
observer(a,b)=send","(return(,)<<a<<b)

instance (Observablea,Observableb,Observablec)=

observer(a,b,c)=send"," (return(,,)<<a<<

instance (Observablea,Observableb,Observablec,Ob
=>0Observable(a,b,c,d)where

observer(a,b,c,d)=send"," (return(,,,)<<a

instance (Observablea,Observableb,Observablec,Ob
=>QObservable(a,b,c,d,e)where

observer(a,b,c,d,e)=send"," (return(,,,,) <<

instance (Observablea)=>0Observable[a]where
observer(a:as)=send":" (return(:)<<a<<a
observer[] =send"[]"(return[])

instance (Observablea)=>0Observable (Maybea)whe
observer(Justa)=send"Just" (returnJust<
observerNothing =send"Nothing" (returnNothin

instance (Observablea,Observableb)=>Observable
observer(Lefta) =send"Left" (returnLeft<
observer(Righta)=send"Right"(returnRight<

--arrays

instance (Ixa,Observablea,Observableb)=>0Observ
observerarr=send"array" (returnArray.array <
<
)
--lIOmonad

instance (Observablea)=>0Observable(I0a)where
observerfnext=

dores<-fn

send"<IO>"(returnreturn<<res)cxt

observeBase}
observeBase}
observeBase}
observeBase}
observeBase}
observeBase}

observeOpaque"()"}

turnlit)cxt

urnval)cxt

(a,b)where
>0Observable(a,b,c)where
b<<c)

servabled)

<<b<<c<<d)
servabled,Observablee)

a<<b<<c<<d<<e)

s)

re
<a)
9)

(Eitherab)where
<a)
<a)

able (Array.Arrayab)where
<Array.boundsarr
<Array.assocsarr



