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Abstract

HaskelhasongneededdebuggerAlthoughherdadveen
muchresearclinteheopiofiebugging lazyunctionapro-
gramsnoobustodhayetomdronthélasketommuni ty
thatamelplebufuHaskellThipapedescribegortable
debuggefofulHaskellpuildingonlyrcommonlymple-
menteextensionslibaseanheonceptbbservatiomnf
intermediateatatructuregathathathenoréraditional step-
pingndariablexaminatioparadignusedbyraditionaim-
perativeebuggers.

1 Introduction

Debuggersllowouseénsidgouprogramvhileunning,
antielpounderstanthotthéovafontrantheternal
datandtructureshaardeingreatedmanipulateéndie-
stroyedTharbflebuggingsisinghiportaldocate the
differencdetweenvhatheomputehadpeenoldaloand
whaherogrammethinktheomputeshoultddoind/Vhen
debuggin@nmperativgprogramthgrogrammemighstep
througlsomeuspectodeisingampleéestiatastoppingnd
examiningariablesitepointsyetthanalofpiunctio nal
languagesdtolear. Whadoegneaistopapecific
linegexamin&ariablagazfunctiondanguage?

Ifunctionalanguagedistfuktyldandtgyeneralizati on,
structurefustylearstronglgncouraged [2)Listfukngtruc-

turefublgorithmsareexpressedriermopipelineoiiata -
transformersgluedogethewithintermediatedatastructure S.

Thstructurefustyléendsbeervasivahéngrain level
dbzjunctiongbrogramminglthipapenvargue thathe
analotbreakpointingnéxaminingariablefatructureful
programobservingntermediatedatsstructuresagheyar e

passedetweerfunctionsThisargumentarbeonsidered
generalizatiomthédebuggingidataflonitieaproposethy
Sinclair [10\Wealsarguehaunctiongbrogramsvrittetin
othestylesaalsaseudebuggingaradigngooéffec t.

ThipapenabeesubmittetthélaskellVorkshog000.

Considethislaskefunction
natural:: Int->[Int]
natural

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

Thédirsstepanderstandinghisistfulunctiomsoumhe
functiomitsomexamplédata.

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

Thigellsisvhathdunctiordoesbuhohovhdunction
worksTanderstanthifunctionyaeetbisualizéhéid-
demtermediatstructurebehinth&nctiomndesidthe
pipelineflazyintermediatdists($mombinatof oinfix
application)

natural 3408

=> reverse
.map('mod10)
.takeWhile (/=0)
.iterate ("div'10)
$3408

=> reverse
.map('mod10)
.takeWhile (/=0)
$(3408:340:34:3:0:...)
=> reverse
.map('mod10)
$(3408:340:34:3:[])
=> reverse
$(8:0:4:3:]])

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

Displayingtepsik¢higetgarrulouguicklyy etheri tical
information théntermediatestructures  eareonciselgx-
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:[])

Waevantibuilg@ortablelebuggethdetslaskeliserge t
conciséatatructurenformationjkénenformatiodispla yed

aboveabouhstructureheidaskeprograms.
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Ounveratlebuggingystenafollows:

*  Werovid@daskelibrarthatontainsombinator$or
debugging(Takinghisornallowsheisetalebudull
Haskell.)

e ThdrustratedHaskelprogrammeuseghesealebugging
combinatordannotatéheicodeande-rungheidaskell
program.

Thexecutioghélaskeprogramproducedileyhich
tracethebservationmadétheombinators.

¢ Thesebservationsabgiewedsingofflindatatruc-
turerowsenyrittendava.

ThetructurehipapeisfollowsAftegivingo méack-
groundontexaboutdebuggingunctiondhnguageéSection 2),
welescrib@uprincipatiebuggingombinatorgivingeveral
examplesfisagéSections & 4)Thenvexplaitnovour
debuggingombinatoworkg¢Section  5)andlescribeum-
plementatior@ilebuggingoolkibasedoundhelebugging
combinatgiSection 6NexwvdescribeomeelatedoriSec-

tion 7)andiveossibléuturgvorkSection 8).

2 Background

Théielddebuggingazfunctiondanguagetabeem fer-
tileesearctaredooveteryearsihibriebve rviewve
explaihowlebugginihformatiomgatherechowhanforma-
tiocameaisedandliscusgommonlimplementediebug-
gingombinatoi-amoreetailedccountharea hapter
2 dVatson'thesis [15freadtartingoint.

2.1 Tracingxecution

Thaativatchingndememberintheeductiopatternsd
functiondhnguagegxecutegsalletracingrhera réa-
sicallshregvaydfacinghexecution:

1. Instrumentintheodgitransformations

Thisvheréheod@ransformetinserxtréside ef-
fectingjunctionshatecoragpecifiactionslikentering
functionan@valuatingtructuresThéransformatiorcan
eithebelonénsideheompile(andhereforeompiler
specifichdonagoreprocessingasgcomplicatinghe
compilatiormechanism)Impractice thetransformations
turoubéetapecificompiler.

Onexampletracingiaransformationsshevorlby
Sparudll]higaceptiofthehcompilernother
recenéxampl@hstrumentationidransformationshe
worbWatson [15Neitheranslatioschemarémple-
mentedfdiutiaskell.

2. Usenodifiedeductioengine

This/hereeductioengin@augmentethathdrace
informatiomrandésompletelgompilespecifilOnexam-

ple$uctaeductiornginéshevorloiilsson [5],
witlanodifiegtersioah&-machine.

3. Usaenodifiethterpreter

Thissvheralirednterpretedhéanguagebele-
buggedsonstructedwhicleontaingracingodeThisl-
ternativésmiopopularhoweverbecausethepeeaf
thisoutedoeadlypicallpermiebuggingon-trivigdx-

amples.
Nondhes&chniquesparticularlgppealindJsingither of
thdirstwavitlendtielowaebuggetapecific com-
pileimplementationanéminathiprojectsprovide a

trulportabldebuggerThipapeintroduceaewagfac -
ingfdection  HSlaagenerathéechniqueaboveyut
iportabléractice.

2.2 Usdinteraction

WhyanWveiseraditionatiebuggingechnologylikgdlor
Visuabtudiopncevénowowgatheamexecutiotrace?
Criticatlebuggingonceptshoweverdmomacrossd he
lazunctionakorld. *

e Therareassignmentsxamineuringxecution.

*  Theonceptosequenceoactionoexecuting
specifitneumbedaatxist.

¢ Anyglosurdaswparentsthatationgthabuild
thelosurandiveontextanthdynamionéhat
firtvaluatethelosure).

¢ Whegdunctiomsalleditargumentsnighhoget
bevaluatedShoulthdebuggedextravaluations?

¢ Handlinfunctionadrgumentalsbringsthediffer-
ences.

Considerableffoftabeepuntgettingassetheroblems
introducetth&unctionalomputationahodebndakgood
usghéracenformation.

Onepproachislgorithmicebuggersywhiclwereriginally
appliedohgroblenadlebuggingrologrograms [9Algo-
rithmidebuggersompar¢heesultépecifichunkstom-
putationfikkunctionallsyitivhahprogrammentended.
Bwskingh@rogrammefoaworaclejboutxpectations, he
debuggecahoméug'ocationAlgorithmidebugging
isometimealledeclarativeebugging.

Performingost-morterdebuggingysingompleteacéf or
examplerarallovtheecoverp§omeheamordraditio nal
familiadebugginfeatureOnsuckeatureseeingrgume nts
itheimostvaluatedormandgnorinftsomextent) azi-
nesg5KAnothasariationdlicing;alle®edetcails [11].

Howevegompletpost-morterntraceargeriarge.

Bfourselaskettamavaimperativeeneensinghé (0]
monadighoulth@ossiblénséypicadebuggingechnology
fasuchartdflaskefprogram.
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Typicallygazfunctiondlnguagelebuggewilbffea
binatiorofhesdanatherppproachesdheerplexegro-
grammenWeakeanotheapproachandrguehatveshould
offedebuggingrdaskekxpressiotevelAsvshale e,
outlebuggeanswersnlgnguestion whadréheontentef
thistructureSincstructuregilaskelréothicnde
larevehisimplguestiogab¢hdasispowerfud e-
buggingpol.

com-

2.3 CombinatorfoDbservingnterme-
diat&tructures

Aburrentlaskelimplementationsomevitignon-standard)
function, traceThisathéype:

trace::String->a->a

Theemanticstiracésprinfagsideffecthe
menandeturthsecondrgumeniOneroblerwittracées
thainsertingntélaskeltodeendsbénvasivechang ing
thetructuretodeasvethishanginghstrictness because
tracéhyper-stridtitfirsargument(Tracingn generalis
mor@owerfuhathéasitracinghechanisrprovideththe
functiortrace aettemaméracenighteark!)

firsargu-

Augustssomndohnssomadvariatiomtfracétheit ML
compiler[1]Theiconclusioaboutracevathatvagener-
allgifficutonderstanth&mish-mashdsutputordiff er-
erinstancedface.

Warguéhaturombinatdaext-generation tracet'sasier
tasantiamuchkleanesideffectsThisevwombinatar S
theubjeatheexdection.

3 Aledebuggin@ombinator

Whafornsoul@ebuggingombinatorake ®singhexam-
pléthéntroductiomgvidencewargu¢haishoultbke
théornafunctiothadllowsisobserveatatruct
aransparentwayAsavayhchievinghisconsidethe
Haskefragment:

urem

consumer. producer

Novimagineversiomfhdreluddunctiondcalleddent
herethatememberedargumeniWeoulthewmrite:

consumer.ident.producer

identdenticakhé@nplementatioafthélaskel rel-
udaermsiperatioandenotation, excepgtemember&s
gideffecthdatatructuréhagetdrawthrougit Agar
athélaskeprograrisoncerned, idenpiskersioof id.

Tdacilitatemultipleobservationsrongrogramyeaddc
stringrgumentyhicisabalsednlfddentification
posesTheypeasuprincipalebuggingombinatas

pur-

observe::(Observablea)=>String->a->a ||

Insteadhabovexampleyeouldrite:

consumer.observe"intermediate".producer

Thisagdenticademanticso consumer . producer huthe
intermediat®bservatiomsquirrele@way,  usinghéabélin-
termediate'lsomeersisterdtructurédateperusal
observhagypelassestrictioothebjedbeingbse rved.
Thidoeaduroubabigrobleramighiehought.
Werovidénstancefoathélaskell9®astypesint3
FloatetclasvethenangontainerglListArray, MaybeTu-
plesstc)Wevitieturtthepecificahisestr ictiorec-
tion 5.2becauseheypelassnechanisnprovidedhdrame-
workhatnablesbservéwork.

ool,

Someeadermightavecticethahéypeasbserves
ticalllheamathgypéath&rac&unctionThere
differenceshowevehetweethéno:

prac-
arenajor

« traceutputistringaideffectyhile observasethe
stringirgumentodabelTypicallyhisrgumentob-
serveonstargtringagthabovexample.

e traceotallygnorestsecon@rgumentjusteturningt ,
while observexaminegtsecondrgument,  but@om-
pletelyazydemandirivemimanner  Thaispbservenly
looksitsecondrgumerasnuchgheontexthadb-
servébeingvaluatedObservatiommfinitést, or
adubf _Uperfectlyalicagehaeshortly.

e traceutputtstdermyhile observeendiesutputng
filewhickperusetigeparatéool.

Nowvéookseveradxamplesf observeeingsed.

3.1 Observindinitést

Aéirstxampleonsider:

ex1::10()
ex1l=print
((observe'"list"::Observe[Int])[0..9])

Weuthigactiomsidéhdebuggingontexexplaineth
Section6.1)yvavoulchakéhebservation

--list
(0:1:2:3:4:5:6:7:8:9:[])

Wehavesuccessfullpbservedinntermediatalatastructure,

withouthanginthealuesemanticghénaHaskelpr o-
gram.
Weis¢he observéypsynonyrtallowsbexplicabout

whatypevéhinlvarebserving.

typeObservea=a->a

Howeverysinghiexplicityping®ptionalyweouldave
equallywelritten

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

anointegelistTypicallthéypedbserves ullgeter-
mineditsontexbuvsometimeicludéhgypsignature
witbuexamplesmakexpliciitheeadewhalypés be-

ingbserved.
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3.2 Observingntermediatést

Observeameaisegartiallappliedwhicligheypicalise
scenarizvhepbservingsida@ipeline.

ex2=print
.reverse
.observe"intermediate"::Observe[Int]
.reverse
$[0..9]

This observenakethéollowingbservation

Whadboufnlgomelementarebserved?

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

Thisxamplgives

--list

(20 :4:)

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

3.3 Observingnfinitést

BotthéstevbavebservedtaveréniteAan
agdobservatiooamfinitéstonsider:
ex3::10()
ex3=print

(take 10

(observe"infinitelist"[0..])

)

Hersvebservaimfinitésistartingdyhichas hérst
1@lementgakerronitangrintedRunninghiexample
allowstmakéhebservation

example

Weanse@bservebotiseéntermediatstructuresams a
toalesedownuclodazgtructuresctuallgval uated,
withouteaothanginghevaluatioorder. Thisvheréhe
powenf observées.

Therégaveatvhichvavilleturto®ection afvbad
inlinetheight-handidehé&stefinitiomsaxttthe

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

WeasethdiBavbeervaluatedyuhe tadhao th
condamdbeemrvaluatedienderedsinghaotatiori _If
mordahésierextractedyavouldeaoreons ellstc.

3.4 Observingjstavitinevaluated
elements

Sovhatboutinevaluate@élementsthdistWhaifvéo
takéhéengthlinitést?

ex4::10()

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

Thigivethebservatioas

--finitelist

Whahelementsvere 1?

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

ThigiveexactltheameebuggingutpLaex4. Becauswe
neveevaluatéhelementsitichomattewhat theyvere,
eveithelementsverbottomWaeedetigivehem some
non-polymorphitypesweaactuallgbservénenthough.

prirgtatementygvoultiave twobserversashowiex7.
ex7::10()
ex7=letxs=[0..9]

inprint((observe"list"xs)!12

+(observe"list"xs)!14)

Nowveeéhisbservation
--list
{(:_:2:)
(i 4
}
Rememberthisgshesamdisbbservedromwadliffere nt
placesséhaswindividuatontextg-anowigno ugho
statéhatvetheompiledichlinebservenothingbse rve
doesffectthexecutioahe Haskatbdé@selnyay.
3.5 Multiplebserves
Onerogransacontaimangpecifimstancesibservew e

mightewritehanaturaéxampldronthéntroduction("..."
referemorgexiashowinutputomments)

natural::Int->[Int]
natural
=observe"afterreverse"
.reverse
.observe"aftermap..."
.map('mod"10)

::Observe[Int]

::Observe[Int]

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

.iterate ("div'10)
Runninghisthexampldata3408jives:

--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:[])

Thisxactiwhawvaveréokinfdnuntroduction!
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4 Advancedsesbbserve

Wéhaveseerhovobservespowerfutooloseeingvhat
beforevahiiddenWeovioolatnumbeobthewaysf
usingbservéodebuggingyeyongdimpliookininsideipe-
lines.

4.1 Observingrunctions
iiveaobservbaseypeslikéran@oolandaobser ve
containerglikeuplesandists)cawealsmbservédaske I

functions?

Whatloe#neanobservadunctionWearguehatob-

serva@unctionsobservdinitenappingronfobserv able)
argumentsgobservablejesultsSdoouobservationa pur-
posesfunctiongargusdaghrgument-resulpairsone for

eachiméhebservefunctioimvoked.

Functionarebservednlinhepecifisvayshegreised.
Functiorargumentgoresultsnightontairunevaluateds-
pectdikseverathexampleg®ection 3.

Whadoethimmeaipracticaerms®et'tookdrxa mple:

ex8=print
((observe"length"::Observe ([Int]->Int))
length[1..3]

Thiallowthe followingbservation

becaus¢hebservationtengtienlgoncerneditthe

wathargumendndesuisisedpecificallpiength in

thatontext.
ObservinfunctionggenerangowerfulVelacebserva t
theallesiteandaset¢heffedhasspecifitunc tiohas

frorthisontexincludingigheordefunctions.

ex9=print
((observe"foldl(+)0[1..4]"
::Observe ((Int->Int->Int)
->Int->[Int]->Int)
)foldI(+)0[1..4]
)

--foldl(+)0[1..4]
letfn{letfn64=10
33=6
12=3
01=1
}
0
(1:2:3:4:[])
=10

--length
letfn(_:_:_:[=3

Weoticaumbedhingabouhisxample.

¢ oObserveowakeshre@rgumentsthéabethebserved
entitgthéengtifunctionanthargumenttengthRe-
membethatobservelabel>$usstyl@idandd
justeturnggargumen(Theffeavthé&laskefprogram
cabexplainedsingimpleswriting

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

length[1..3]

--removethetypeannotation

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

--turnobserveintoid

=idlength[1..3]

--idtakesoneargument

= (idlength)[1..3]

--whichissimplyreturns

=(length)[1..3]

Thinekasoninglsworkwitfurtheargumentsand
observesuccessfullgarobservanultiple argumentunc-
tions.

¢ Rathethanrendefunctionadagairsyéakéber-
tieandsenorélaskelikeyntawheprintingebug-
gingutput.

¢ Théengtfunctiodiddbolpardfargumenspe-
cificallthelementsthéstThis iwvageflecting
thetatahbstselSomeonelsenightavev aluated
thelementhuveviieveseéhibgbservintength,

Noticdpbserving foldwéavalsobservedsrguments,
includingfunctionabne Wecarseeexacthyhowhigher-
ordernesgsised.

Weamakgreatis@bbservindunctionsvheexamining
pipelinesReturningounaturadxampleyeanowbserve
théndividuatransformersrathetharthestructuredetween
them.

natural::Int->[Int]

natural

=observe'reverse" reverse
.observe"map("mod10)" map('mod"10)
.observe"takeWhile (/=0)" takeWhile (/=0)
.observe"iterate ("div'...)"iterate ("div' 10)

Noticéher@d . Betweethebserveantheriginalode.
Waiveheoutpufroniiterate..andtakeWhile.."the
otherarsimilaistyle.

--iterate ("div'10)
letfn{letfn3408=340
fn340=34
fn34=3
fn3=0

}
3408=(3408:340:34:3:0:_)

--takeWhile (/=0)

letfn{letfn3408=True
fn340=True
fn34=True
fn3=True
fnO=False

}
(3408:340:34:3:0:_)
=(3408:340:34:3:[])

Thisscleasummaryivhath@ransformersvereloi ng.
iteratéookimtegef3408angroducedtreandecreas-
ingumberswhicthérdiierevaluatedVelssee how

théunctionadrgumentteratevasisedakeWhiléurnedn
infinitégntéinitéstyvhefounthelemerb.
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4.2 Observingh&tatdlonad

Weans@bservetookthastaténsidehstateno nad.
Statenonadgypicalljavatateansformeunctiotha takes
aompletstateandeturnsevstatel etsathis function
modify.

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

Weambservehetataspecifipoinusinghdunctio n
observeM.

observeM:: String->M()
observeMIabel
=modify (observelabel:: Observe State)

BplacingbserveNsppropriatplacesyeateksnapshot S
dfhetateOthecombinatorsam®uilitooknside® ther
monaddijkéheeademonadn@ritemonad.

4.3 Observinghéonad

Camwmbservan  IGictionAn  IGxctiomasweartsthe
actioriwhicli®paque)andheesultthectionwhickve
canbservélVeendean I@ctionsintheseudo-constructor
<lo>fpllowetdgnbservationtheeturnedbjecConsider
thisxample:

ex10::10Int

ex10=print
((observe"getChar"::Observe (10 Char))
getChar
)

lvouldendeas

--getChar
<lO>'x'

Weeathiassomsideffediappenedesultinghga lue
“YWeingeturned'/Aanotheexamplesonsider:

ex11::String->10()

exllstr

=print

(observe"putChar"::Observe (Char->10()))
putCharstr

)

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

Weeathiabvbavéunctiothatkesoesom side-
effedtufindeturnanit”.

4.4 Summargfisingbserve

Wéaveeemangxamplesbbservsuccessfullpbserving
internagometimesitermediatestructuredbotbe nerand
flexibleyorkingmanglifferergracticadettinggoe xample
observingodunctionaresedbservingtatesidenonads,
andbservingactions.

5 Howloesbservevork?

Wdavaelemonstratedhabbserveateaisedgoowerful
debuggintpobhuwstiheetbnswethguestiodiow o]
implemembserveportablevayr hisectiomtroduces his
neuwnechanism.

Takaaexampléhislaskefragment.

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

Whastepfapaigonehrouglimhéiaskekxecution2ll
expressionstadanevaluatethunks.

... pair=<thunk>--start

Firstprintyper-stridiitargumentsatarts thevalua-
tioathexpressiofi(fgpair) Thisausepairié stbe
evaluatedeturningupleyitbwthunksidé.

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

Nouwhésfunctioneturnshéirstomponenthéuplea nd
thislemeriturtheevaluatedprint.

... pair=(Just<thunk>,<thunk>)--afterstep 2
Andinallythehunlnsidehelustonstructorgvaluated,
giving.

... pair=(Justl,<thunk>)--afterstep3

Thigvaluatiocabdlustratediagrammaticallyshowing the
threevaluatiostepghahistructureverthrough.

! @

(*.,°)

L@

Just ¢
L@

1

Weamowexplaithé&eideadehinthénplementatioof
observe.

*  Wautomaticallinserside-effectindunctiongplacef
théabeledrrowathaiagranabovewhichotheturn
thecorrectesulbriheevaluatioriavealheadormal
form, andlsinforranfflinagerthahesductiohas
takeplace Athunkéncludinmternahunksrénere-
foreeplaceditfunctionthatyheevaluatedriggethe
informativeideffect.

¢ Wasehaypelassnechanisnasrehicléothisys -
tematifruntimedewriting.

Nextvexaminéhdetaildfotithesaeas.
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5.1 Communicatingh&hapebData

Structures
Waeedgivenouglnformationouviewetallow o
rebuildocatopgbuobservedtructuréWhainformat ion

mighthesside-effectinfunctionsend?
«  Whagvaluatiohappene@ocation)
«  Whahevaluationeducet{(:@\othinggtc)

Saphexamplabovevevoulgasshéollowingnforma-
tiomiausideffectinéunction.

Step Location Constructor

1) root

—
C

ple constructor with two
children

(2) firghuninsidél) TheJustonstructowitione
child

3) firgdhuninsid€2) Thateget

Thimformatioienougtoecreatéhebservedtructure! We
stamvithanevaluatethunk.

@ oot

Weheaccepitepl)giving
(o (1.1 ,® (1-2))
Herél.ljepresentshdirsthunktheonstructoproduced

bgtefllandl. 2epresentethsecondhilffortheame
reductionVéheaccemte2)giving

(Just e @1 o 02

Heré€2. llepresentthérstandnlyhunkiheonstructo r
producebgtef2)Wénallgcceptef3)giving

(Justl,s  ©2)

Noticevgivénformatiombouinnethunksvarepdating
usingotthparentonstructomnthehilthderumber.

Waeaowookhownsemumessagpassinfunctiongt o]

oudatatructures.

5.2 Usingd ypelasseorewriting

Wausaheypeslassnechanisndorceepeatedalldo a

workefunctiombserveganwheatructurgetevalua ted.

WeéhavexlasObservableandoeactobservabldHaskell
objectvbavainstancdhislass.

classObservableawhere
observer::a->ObserveContext->a

Reusingudiagrarfroraboveybav@alltobserver

l

(*0°)

observer (Just <...>) CXT

observer (<...><...>) CXT

!
Just ¢
! observe 1 CXT
1
Thérstalisethgypmstancabbservablahsec ondses

thdayb@nstanceanthéhirdseghéinstanceEachall
alsis give@ontextwhicttontaingnformatiombouivhere
thithunkaelatiotiiparemode.

Th®bservablestancé2-tupless

instance (Observablea,Observableb)
=>0Observable(a,b)where
observer(a,b)=sendObservePacket","(do
a<-thunka
b<-thunkb
return(a,b))

bserveisalleah@-tupleypegendaacket, saying
hafoundupleandetapyvoevthunkthaareheompo-
nentghéupleThegypesendObservePackes

sendObservePacket:: String
->MonadObservera
->0ObserveContext
->a

MonadObserveigazgtatenonadhabotitountsheotal
numbessub-thunkghisonstructonasangrovideanique
contexthsub-thunkghunkatype

thunk::(Observablea)=>a->MonadObservera

thunincludesabackobservehdheorredypé or
theub-thunk.

Wenowunhrouglaexampletdlustrat@bserveactually
rewritingtructuresWeisaimplifiedariatioadur earlier
example.

main=letpair=observe"pair"(42,88)
inprint(fstpair)

Wexpedhistelisvbav@-tupleanthahérst ele-
mend2Vdaaxpeabserveellanythingbouhe
secondlemerthe  tuplehecauséatvaluated.

observesimplgrappetobserver.

main=letpair=observer(42,88){...root...}
inprint(fstpair)

Heravareising...root... }Jmotateontexthatontains
somenformationjncludinghissootNovthdirst ime
someonevaluatepaipaievaluateto

...pair=observer<thunk>{...root...}

observeistriditirsirgumenteducingp

...observer(<thunk>,<thunk){...root...}

Weanowxecutéhéunctioobserveiauples.
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Haskell || Observe

Program| Library

N

calls writes

Browse

.E

FinurddinoheveArchitectiirahélaskehiect

OhservatinMehiinner

...sendObservePacket","(do
a<-thunk<thunk>
b<-thunk<thunk>
return(a,b)){...root...}

sendObservePacketnovssuesideffecangassesheon-
textroottheonstructonam¢”,"anth@umbeathildre n
(2)Thehunlinsidehenonacvaluatesaew caliob-
servergndendObservePackateturnghéuple.

...(observer<thunk>{...pld=X,portNo=0...}
,observer<thunk>{...pld=X,portNo=1...}

)

thunikdaziftargumentyitihespedithenonadiaspec t
dhevaluationrsevethoughve'vaotedvbav@hunks,
we'veactuallgemandedngnorevaluatiothaheonte xt
wantedT eontinuethérstlementheaiselect efvia

fst).
...observer<thunk>{...pld=X,portNo=0...}

Whavehrowawathsenelementhéupleanabvitlt
thsideffectingatiobserveithisvaypecausey eoot
evaluat@bserveovethseconelementthéupleway ill
neveobservéheontentsthiglement&andevedprema-
turevalutatiobecausesbserve.

Theatbbservefthatsideghérstlemendf theuple)
nowvaluategfirsirgument.
...observer42{...pld=X,portNo=0...}

Whichowareducéo

...sendObservePacket(show42)

(return42)

{...pld=X,portNo=0...}
Aabovehissuemessagé&haumbet;hild fort
numbezerogndeturnthgaluethismd?2.

.42

6 ThélaskelDbjedDbservation

Debugger
Wdavenmplementatiorofhesédeasincorporatinghem
intéull-scaldebuggintpaveathélaskelDbject Obser-
vatiobebuggeWeajiveshorbvervievatheodhe reA

usemanudpending.

FiguréjiveshédighevehrchitecturethélaskelDbj ect
Observatiodebugger.
¢ Theiseisesponsibléoproducingodilef the

observationsTheasieswvagdointhigimport
theéObservdibrarywhiclexportseveratiebugging
functiongncludingbserve.

¢ Usingh®bservdibrarproducegodjlé&xXML
format.

¢ Thérowsetheneadth&XMhaudiradfbserva-
tionsandecreateshstructuregmuclikgvasone
iBection 5.1)

6.1 Th®bservébrary

Thebservébrarigimplementatiodhebserveombi na-
tosomsupportingombinatorandhaninstancefovario us
HasketlypeObserverovides:

Basd@ypes: InBookloaDoubldntegeGChay)

Constructors:  (Observableji@Maybe)
(Observable®bservablb)
=fa,an@Arran(Either a)
(..F3-tuple}-tupleg-tuple
(ObservableDbservableyta -b)

Functions:

Extensions: Exceptiongerrogtc)  witGH@n&TGlugs

Irordetaalebuggingyowneeddeénsidedebugging
modeWhemhisnodésurnednthéracéodfilésreat ed,
andhesystenigeadyoreceivingpbservationsWherthe
modaurnedfthéracéodfiléslosedWerovide aom-
binatahatelpwittheseperations.
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runO::10()->10()

Thisurnsiebservationsunsherovided@actionurnsff
observationsandeturnsl@daskebrogramvitimainyou
mightrite
main=runO$do

..restofprogram..

larobservaexecutedvithoutheobservatiormechanism
beinturnedrthetiehaveBkbeforépassingitsecond
argument)wimplgloeaatecorthebservation.

Toelwiitmteractiveseyerovidenvextraombinator S.

printO::(Showa)=>a->10()
printOexpr=runO (printexpr)

putStrO:: String->10()
putStrOexpr=runO (putStrexpr)

Thesargrovided foconvenienceFoexampleitHugsou
mightrite

Module>printO (observe"list"[0..9])

Becausthisersiogdrirgtartthebservationsgjoa ans#
ahélugpromptandhakebservationsthingstheom-
mantnével.

ThouglObserve.lhgstselportabléoniyeedinginsafePer-
formlO)wealsrovideversionDbserve.lhFospeci fic
compilersWhil€lassitiugs98seshstandar®bserve.lhs,
botEH@N& TGlugasextendedersionthatirovidextra
functionalitjoobservindExceptionsCatchingpbservingind
rethrowingexceptionsllowgoumbserveexactlyheren
youdatatructuresierroisaisedandamlsbeised or
debuggingrogramghablackhole.

IntheAppendixvegiveeoddragmentsronthedbservei-
brarywhiclincludenanynorexampleinstancedothe
Observablelasdfisewvantsobservéheiowstr uctures,
thethegeetprovidéthemwimstanceddowevergsan be
seenthigguitstraightforward.

Theackpuntélealledbserve.xmiThough ihight
seenthakMligpoochoicdoaimtermediatéormat off
thehetfompressiotoolsesulaurprisinglgooduali tof

compressiorfaroun®0% whiclgivesignificantlpettefoot
pringiz¢haistraightforwartinarformatnavéavelans
fafuturgersiothatse@re-compressettace.

Theraraouplefmportartaveataboutavingbserve aa
functiomprovidedwibraryrathetharseparateompila-
tion/interpretatiomode.

«  oObservéseferentiallfransparenvithegartthexec u-
tiomthédaskelprogrambuasvesavisection 3.4,
observésateferentialljransparentvithegartposs i-
bleobservationstmightmake Compilemoptimizations
mighhovebservaround;hanginwhasbserved.

Thidoeaduroub@robleripracticeTh&ans-
formatioshown$ection  3.4ndtheproblematitrans-
formationsthoughechnicallyalidchang¢hsharinge-

haviotherogranCompilerdadtkéohangéhese
sortgropertiesvithoufullynderstandingheamifica-
tionafoingd-urthermorehwordhatahappera
singlstructurésbservea@umbedimesgthisccu r-
reghoulddebviousvhabappening.

Thiglitclwitlobserveurnsunotdeproblenin
GHCClassiHHugsandTAHugslanytheHaskell
compilehasproblenwithinappropriatesharingbb-

servethisabéixedeveby addingpecialaséthe
sharingptimizationligotasietaddpeciata ses
thamvholdebugger!

¢ Hugsloesate-evaluatéotevalpdatablealuessalled
Constanfpplicativéorm§CAF's hetweespecifimvo-
cationgfxpressiongheommandnerompfThig
goodhinggeneralhutlsoneanshafowanto
observatructurnsid&€AF'sjoneetkeloathef -
fendin@AleachimgowartobservdT higust
mincannoyancéeracticeperhapsiugdagurningff
cachingCAF'betweerexpressiomvaluationgouldbe
added.

6.2 Usingh&lOOMDrowser

Tdemonstrateusrowsetootakéhexamplebservatio on
foldfronsection  4.1Weiseun@nsidenain teuroand
othebservatiomachinery.
main::10()
main=runOex9
ex9::10()
ex9=print

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

::Observe ((Int->Int->Int)

->Int->[Int]->Int)
Yfoldl(+)0[1..4]
)

Thiproduceélealledbserve.xmWWaowstadusro wser
theletailarémplementationlependentyuthisaelone
directlysingdVMofroninsiddNetscapemterneE X-
plorerAftethérowseistartedpffertheser fgfos-
siblebservationdookt.

i Haskell Object Observation Debugger

Reload | Ifile:.-"d:.-"masten"hooda’examples;’lazysum.xml *HOOD 0.1 *

Dizplay Before Evaluation |
Dizplay After Evaluation |
Displayp Statically |
Dwrnp Ta File |

Loaded B5 events

Thishowsisvbavéoad§Bevents(observatiosteps\V e
onlhavenebservatiolf"fold+)")andvehooseali S-
plagfteevaluatiorgiving
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‘ foldl (+) O =13
-— foldl (+) 0O
{ let fn { let fn & 4 10
fn3 3 =6
fnl 2 =3
fn 01 =1
X
0
k2 3 4 [13
= 10
}
Thislisplaysesolorsgivéinformatiobesidéheaw text.

Wauseurpldobaseypesbludoronstructorsblackor
syntaxangellowighlightingthéastxpressioohanged.

Thisviewetagheabilitycstegforwardsandackwards
througlhebservatiorseeingvhagpartthebservatiomwa S
evaluateddemandedijwhadrderThouglmangasesve

areanterestedthigmformatiorgometimesnv aluable.

Foexamplewstepackevstepsluringuperusatthe
foléxampleans/seatrangéhing.

“ foldl (+) 0 PS[=] E3

-— foldl (+) O

{ let fn { let fn
fn
fn
fn

=R -
1
[ R .

(1 : - : : [1)

Weisdredsignifaexpressiothahabeernter ed
(someondasequestedtgvaluation)buhasoyeteached
weakeadormaormWeaseevdavaumbeafues-
tiomarksyhichorresponteathemastghaiggnters aa
consequencenBlazyaccumulatingparameterawvell-known
strictnesbug.

Thiglynamiwiewinghovstructurendunctiongareised
insideeadontextsabringvholeewevatinderstanding
ohagoeswhemwevaluatéunctionglrogramsandould
servasefypedagogicabol.

7 RelatedlVork

Wéhavealreaddiscussedumbeodiebuggingystemsand
thegthiveontextithisvorkTherarénpieces dlosely
relatedvorkhaghoulgivespeciahention.

«  FirsthiHawkamicroprocessoiarchitecturespecificatio n
embeddethnguagbagunctionallegrobe [4].

probe::Filename->Signala->Signala

probeworkexactlijkebserveth&igndevelyvhere
SignalsrgustaziistsHowever, probe istricithe
contentdgheignakdachangéheemanticed Sig-
nalEncouragingly, probehasurnedutdextremely
usefupractice.

¢ Secondlyhstream-basedebuggein  [12kIscelated,
becausé@lsputemphasisklebuggingianderstand-
ingntermediatestructureseverithéracingnechanism
wasompletelglifferent.

Thevorkithipapewasindertakemecausethesuccess
storietolthpotthesprojectsanthbopéhahgenera li-
zatiodhotwibesefulpracticevhedebugginglaskell

programs.

8 Conclusion&utur&V/ork

AlbreviousvorlidebuggerfoHaskehavenlpeem-
plementedfsubsetdflaskelbndrénerefordimit edse
falebuggingedtaskeprogramsThipapezombatthaee d
fodebuggingeaHaskebysingoortabléibrargdebug-
gingcombinatorsandievelopssurprisinglyichdebugging
systerasinthem.

Theravortbdonwitbuildingemantickwbservel he
semanticgivein [3louldgooglacestariemantics
couldleangheaveatthaverdiscusseiBections 3.4nd
6.1.

Thislebuggingystentouldenadevemoreisefuithe
Observablelassestrictionvasemovedttvouldbeonce iv-
ablebavaompileflagrher®©bservablépassedil ently

everywhereandhereforeabesedvithoutypeestrictions ,
providewsuppldefauihstance foDbserve.

Therettyrintinglgorithnusedithdrowseisobustits

actuallgavaortthélaskekhlgorithnpublishedn [13])
buthg@rintingstructuresinflexibleFoexamplewst ill
prinstringsigisb€haracterswhichserboseA nother
exampl&vhedisplayingbstracyntakrees;oncreteynt ax
igypicallynoreconciseltvouldeaicadavedlexi ble

schemégprovidingenderinghortcutikéhese.
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Hoowihpackagedndvailabléxiownloaceaoonow.
ThesourceodaesavailabldronthesameCV3epository as
GH@né#ugs.

HOODbasvepage: http://www.cse.ogi.edu/~andy/hood/
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AppendiA  HaskelCod&on®bserve.lhs

classObservableawhere
observer::a->ObserveContext->a

observe::(Observablea)=>String->a->a
observenamea=generateContextnamemaxBounda

typeObservinga=a->a

--SomeHaskellBasetypes

instance Observable Int where{observer=observe
instance Observable Bool where{observer=observ
instance Observable Char where{observer=observ
instance Observable () where{observer=observelL

observelit::(Showa)=>a->ObserveContext->a
observelitlitext=

seqlit$

sendObservePacket(showlit) (returnlit) cxt

--Someconstructors
instance (Observablea,Observableb)=>0Observable
observer(a,b)=sendObservePacket","(do
a<-thunka
b<-thunkb
return(a,b))

instance (Observablea)=>0Observable[a]where
observer(a:as)=sendObservePacket":"(do
a<-thunka
as<-thunkas
return(a:as))
observer[]=sendObservePacket"[]"(return[])

--Thethunkwrapperroundobserver
dataMonadObservera=MonadObserver{runMO:: Int

instance Monad MonadObserverwhere
returna=MonadObserver(\dci->(a,i))
fn>>=k=MonadObserver(\dci->
caserunMOfndciof
(r,i2)->runMO (kr)dci2
)

thunk::(Observablea)=>a->MonadObservera
thunka=MonadObserver$\depthparentport->
(observera(ObserveContext
{observeParent=parent
,observePort =port
,observeDepth =depth

]
,port+1)

--Nowsomeside effecting utility functions
sendObservePacket:: String->MonadObservera->0
sendObservePacketconsLabelfncontext=unsafePerf
ddg<-readlORefobserveGlobal
;casegof
NoObserveGlobal
->error"Theglobalobservestateisnotena
_->return()
;letnode=observeUniqg
;writelORefobserveGlobal (g{observeUnig=node
;let(r,portCount)=runMOfn (observeDepthconte
;hPutStrLn (observeHandleg)

(xmlIConsnodecontext(showXmlStringconsLabe

yreturnr

}

Lit}
eLit}
eLit}

it}

(a,b)where

->Int->Int->(a,Int)}

bserveContext->a

ormlO$

bled"

+1})

xt-1)nodeO

12

1) portCount)
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