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Abstract

A Haslell programmayfail atruntimewith a patern-matcterrorif theprogramhas
ary incomplete(non-exhaustve) patternsn definitionsor casealternatves This pa-

perdescibesastaticcheclerthat allovs non-exhaustve patterndo exist, yetensures
that apattern-matclerrordoesnot occur It describes constrainfanguagehet can

be usedto reasorabaut patternmatchesalongwith mechanismso propagtethese
constraintdetweerprogran components.

1 INTRODUCTION

Programmingn Haslell is closerto amathematicaildealthanprogrammingn im-
peratve languagesuchasC. But mary functionsin Haslell arepartial, not total.
Turner[9] arguescorvincingly that whatis neededs a functional programming
languagen which every programexecuteso completionwithout raisinganerror.
In thedisciplineof total functionalprogramning that Turnerproposest is impos-
sible to write either programsthat generatecaseerrorsor that do not terminate.
Anotherway of describingthisis that L is removedfrom the language The ques-
tion of non-echaustie patternsis dealtwith usingthe rule thatall patternsmust
be exhaustie. Turnerarguesthat thissystemwill “force you to pay attentionto
exactly thosecornercaseshich arelikely to causdrouble” [9].

But this approachrequiressacrifices- onenotablecasualtyis thehead func-
tion. Sincehead canraiseanerrorif theamumentis anemptylist, the standard
definitioncannotbeusedin Turnerstotal programminganguagelt wouldbe nice
to obtainsomeof the benefitsof a total programmindanguagenamelyits unfail-
ing nature,without losing the naturaldefinition of head. This papercontributes
thedesignof a pattern-matclthecler for Haslell.

1.1 Motivating Example

In orderto shav whatthe checkingtool givesus, considerthe following example:
risers :: Oda=>1[a] ->[[a]]

risers [] =]

risers [x] = [[x]]

risers (x:y:etc) =if x <=y then (x:s):ss else [x]:(s:sS)
where (s:ss) =risers (y:etc)
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A sampleexecutionof this functionwould be:

>risers [1,2,3,1,2]
[[1,2,3],[1,2]]

In the last line of the definition, (s: ss) is matchedagainst the output of
risers.Ifrisers (y:etc) returnsanemptylist this would causea pattern
matcherror. It takesa few momentsto checkthis programmanually— anda few
more to be sureone hasnot madea mistalke! Turning the programover to the
checler developedin this paperthe outputis:

> (risers (y:etc)){:}
> True

The checler first decidesthat for the codeto be safe the recursve call to
ri ser s mustalwaysyield anon-emptylist. It thennoticesthatif theargumentin
ari ser applicationis non-emptythensowill theresultbe. This satisfiest, and
it returnsTrue,guaranteeinghatno pattern-matcterrorswill occut

2 REDUCED HASKELL

Thefull Haslell languages a bit unwieldyfor analysis.In particularthe syntactic
sugar complicatesanalysisby introducingmore typesof expressionto consider
Thecheclerwarksinsteadon a simplified languagea coreto which otherHaslell
programsanbereduced.This corelanguagés afunctionallanguagemakinguse
of caseexpressionsfunctionapplicationsandalgebraicdatatypes.

In this reducedlanguagetypes and arities are not explicit. Also, thereare
no nameddatavariables— all variablesarereferredto by their relationshipto an
argument. For example, @l refersto the first agumentof the functionin whose
body it appearsand @. Cons, refersto the secondcomponentof the Cons-
constructedirst agument.Cons,, is calleda selector.

Example 1
data List = Cons | Nl
head = case @ of Cons -> @l. Cons;
map = case @ of
Nil -> Nil
Cons -> Cons (@ @.Cons;) (map @ @. Cons,)
reverse = rev @ Nl
rev = case @ of

Nil -> @
Cons -> rev @l. Cons, (Cons @. Cons; @) &
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E == argm(writen@n) |sel E C m(writtenE.Cp)
| makeC E;---E, | func f
| applyEp Ei---En |caseEpof {Ci1->Ep; ---; Cy->En}
f is thenameof afunction,C is the nameof a constructormis a positive integer

FIGURE 1. Abstract Syntax of expressionsn reducedHaskell

Fromnow on Cons; andCons, will bewritten ashead andt ai | respec-
tively, thisis purelyto aid understandindor the humanreader

2.1 Values

Thevaluesin thisreducedanguageconsistonly of algebraicdatatypes,andfunc-
tions. A valueis eitherafunction,or a constructormandal list of componenvalues.
Thetype of avaluecanbe deducedstatically— whetherit is afunctionor analge-
braicvalue,andin the secondcase whatareits possibleconstructors.

2.2 Expressions

Expressionsn reducedHaslell aredefinedin Figurel. A corvertorfrom asubset
of Haslell to this reducedanguagehasbeenwritten, andall examplesfrom here
onwardsusethis corvertor.

2.3 Higher Order

Thecurrentchecleris not fully higherorder but somehigherorderprogramscan
bechecledsuccessfully

Thecheclertriesto eliminatehigherorderfunctionsby specializationA func-
tion canbe specializedn its nth agumentif in all recursve callsthis agumentis
invariant. (Thereareslight additionalcomplicationsdueto mutualrecursion).

Examplesof commonfunctionswhoseapplicationscanbe specializedn this
wayincludemap, fil ter,fol dr andf ol dl .

Whenafunctioncanbespecializedthe expressiorpassedsthenth agument
hasall its freevariablespassedsextra agumentsandis expandedn the special-
izedversion.All recursve callswithin the new functionarethenrenamed

Example 2

map f Xs = case xs of

[1 ->11]

a:b->f a: mpf b
adds x n = map (add n) x

is transformednto:
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Find non-exhaustve patterns Find callers

Backwardanalysis
Fixed pointing

Reportresult

FIGURE 2. Checker Overview

map_adds n xs = case xs of

(1 ->1]

a:b ->add na: map_adds n b
adds x n = map_adds n x O

Althoughthis firstification approachs not completeby ary meansjt appears
to besuficientfor alargerangeof examples.Alternatve methodsareavailablefor
full firstification, suchasthatdetailedby Hughed4].

3 OVERVIEW

Thecheckingprocesastwo mainingredientsa constrainfanguagdor express-
ing propertieson datastructuresandsomemechanism$or generatingandmanipu-
lating constraintgo reflectthe definitionof functions.Both areintroducedn detail
lateron, but first a sketchoverview of the checkingprocess igjiven. A diagramof
theprocess igjivenin Figure2

At eachstagetheinformationpassedalong thearrows” is a predicatewhere
theatomsareconstraintasintroducedin §4. Theseconstraintcaneitherreferto
ary reducedHaslell expressionpor in a specialcasecanrefer only to parameters
to functions.

Theinitial stageof finding all non-echaustve caseexpressionss donewith a
basicsyntacticcheck,at a very local level. Initial constraintsare generatedrom
theseexpressions.

Finding all callersis relatively straightforvard if all constraintsare only on
argumentgo functions. Theresultof this stageareconstraintson expressions.

Backwardanalysisandfixedpointingcorvert backfrom constrainton expres-
sionsinto constrainton aguments.Backward analysisperformsthe translation,
but without regardto recursve functioncalls. Fixed pointing modifiesconstraints
to reflecttherecursve calls.

This processcontinues,until the predicateis reducedto either True or False.
If theendresultis True,thenthe systemis freefrom pattern-matclerrors.If it is
False,thenthe systemmay give riseto patternerrors.The checleris conserative.

In practiceFalseis alWwaysaccompaniedby a history of derivations,endingin
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False. Thesederiationsallow the userto gain insightinto a possiblecauseof
failure.

4 A CONSTRAINT LANGUAGE

In orderto implementa checler that canensureunfailing patternsit is usefulto
have someway of expressingclasseof datavalues. Aconstraintis written as
a.r{c}, wherea is anexpressiony is aregularexpressiorover selectorsindc is a
setof constructorsSucha constraintassertshatany well-definedapplicationto o
of a pathof selectorslescribedy r mustreacha constructoiin the setc.
Theseconstraintsaare usedasatomsin a predicatdanguagewith conjunction
anddisjunction, soconstaintscanbe aboutseveral expressionsandrelationsbe-
tweenthem. The checler doesnot requirea negation operator We alsousethe
termconstrainto referto logical formulaewith constraintsasatoms.

Example 3

Considerthefunctionn ni num definedas:

mnimum [ x] = X
mnimum (a: b:xs) = mnimum ((if a < b then a else b) : xs)

Now considerthe expressioni ni mum a. The constrainthat musthold for
this expressiorto be safeis a{: }. This saysthatthe expressiomx mustreduceto
anapplicationof : , i.e. anon-emptylist. &

Example 4

Considerthe expressiommap ni ni num a. In this casethe constraintgenerated
isa. xtai |l . head{: }. Thepartfollowing thea is aregularexpressionwith the
* operatotbeingappliedprefix. If we applyany number(possiblyzero)oft ai | s
to a, thenapplyhead, wereacha: . Valuessatisfyingthis constraintinclude] ]
and[[1],[2],[3]],butnot[[1],[]]. &

Constraintsdivide up into three parts- the subject, the path and the condi-
tion. Theseareusuallywrittenasa.r{c}, but for certainequationswvriting themas
(a,r,c) is easier

The subject in theabore two exampleswasjust a, representingiry expression-
includingacall, aconstructioror evenacase.

The path is aregularexpressiorover selectors.
A regularexpressioris definedas:
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s+t unionof regularexpressions andt

st concatenatioof regularexpressions thent

*S ary number(possiblyzero)occurrencesf s

Cn aconstructolC andanintegern, beinga selector
A thelanguages the setcontainingthe emptystring
(0} thelanguages theemptyset

The condition is asetof constructorsvhich, dueto statictype checkingmustall
be of thesametype.

Sothefirst example,a{: }, could have beenwritten morefully asa. A{: } —
whereA is theregular expressionvhich describeshe languageconsistingonly of
the emptystring.

Themeaningof a constraintis definedby:

a.r{c} < (vl € L(r) eexistsa,|) = constructofa.l) € c)

exists(_,N\) =True
exigs(Cay...an,Cl.w) =C=C Aexists(a,w)

HereL(r) is the languagerepresentedby the regular expressionr; exists returns
trueif avaluehasagivenpath;andconstructogivestheconstructousedto create
the data. Of course,sincelL(r) is potentiallyinfinite, this cannotbe checled by
enumeration.

If thereareno expressionsvhich canbe found following ary instanceof the
path,thenthe constraintis vacuouslytrue.

4.1 Simplifying the Constraints

Fromthe formaldefinitionof the constraintst is possibleto constructa numberof
identitieswhich canbeusedfor simplification.

Path doesnot exist: in the constraint ] . head{: } the expression[] doesnot
have ahead path,sothis constraintsimplifiesto true.

Detectingfailur e: theconstraint ] {: } simplifiesto falsebecausehe[] value
is notthe constructor. .

Empty path: in theconstrainor. @{c}, theregularexpressions ¢, theemptylan-
guagesotheconstraints awaystrue.

Exhaustive conditions: in theconstraino{: , [ ] } theconditionlists all the pos-
sibleconstructorsandbecaus®f statictypinga mustbeoneof thesethere-
fore thisconstraintsimplifiesto true.
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Algebraic conditions: finally afew algebraicequivalences:

a.ri{c} va.ra{c} a.(ri+r2){c}
ar{ci}vaur{c} = a.r{ciucy}
ar{ci}rnar{c} = ar{cincy}

5 DETERMINING THE CONSTRAINTS

This sectionconcernghederivation of the constraintsandthe operationsnvolved
in thistask. An overview of the stagespresentedhere,andhow they relateto each
other is givenin §3.

5.1 Thelnitial Constraints

In generalacase expression:

case a of Sel; ->valy; ...; Sel, -> val,

producegheinitial constrainta{Sel 4, . .., Sel ,}. If the casealternatvesare
exhaustve,thenthiscanbesimplifiedtotrue. All case expressionsn theprogram
are found, their initial constraintsare found, and theseare joined togetherwith

conjunction.

5.2 Transforming the constraints

For eachconstraintin turn, if the subjectis f @, the checler searchegor every

functioncall of f , andgetsthe expressioncorrespondingdo its nth agument.On

this expressionjt setsthe existing constraint. This agumentis thentransformed
usinga backwardanalysig(sees5.3), until a constrainion argumentss found.

Example 5

Giventheconstraintri ni mum@l{: }, if theprogramcontainsthe expression:

f = mnimm(g @)

then the derived constraintis (g f @) {: }. Thatis, the expressionpas®d as
m ni mumisfirst agumentmustevaluateto a non-emptylist. &

5.3 Backward Analysis

Backward analysisis the processwhich takes a constraintin which the subject
is a compoundexpression,and changest to a combinationof constraintsover
argumentsonly. This process igdenotedby a function ¢(a,r,c) wherea is the
expressiony is thepathandc is thecondition. Thisfunction is detailedin Figure3.
In orderto denote theavaluationof an expressioninto a value,thereis arelation
D, whichis notdefinedin this paper
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dé(arg n,r,c) — (qualn),r,c)

¢(E,r,c) — (E',r',c)
d(sel E C myr,c) — (E/,Cyn.r’,C)

¢(El7%)c) - Eia"'7¢(Env%7C) - EI{I
¢(make C Ey---En) = (AelL(r)=Cec)AE;A---AE]

¢(D(Eo),r,c) — P
P[<ar g 17 rl,C1>/¢(E1,r1,C1), Ty <ar g n, I’n,Cn)/(I)(En,I’n,Cn)] —P

d(apply Eo Ei---Enr,c) =P

C = {x|type(x) = type(C1) }
P= (¢(E7)\7C\Cl) \ ¢(E17 r, C)) ASERVAN ((I)(E,)\,C\Cn) \/q)(El’h r C))

¢(case E of {Ci->Ej; ---; Cy- >En},r,c) — P

FIGURE 3. Specificationof backward analysis,¢

The ar g rule qualifiesthe agumentbeforeputtingit in the condition. In every

expression,all the ar g referencesxan be qualified with the nameof the
functionthey appeaiin. For example,in the body of the functionf , ar g n

is qualifiedto f @n.

Thesel rule saysthatif aconstraintis satisfiedon the expressiorusedbeforea

selectorthenfollowing this selectorobtainsthe new constraint.

The make rule saysthatthe conditionmustbetrueontheconstructorusedin the

make expressionf A is in the languagerepresentedby the regular expres-
sion. This correspondsgreciselyto the empty word property [3], which can
be calculatedstructurallyon the regular expression. For eachof the argu-
mentsto the datastructurejt mustbetrue thatthe conditionholdswhenthe
derivative of the regular expressiorwith respecto that constructorandar

gumentpositionis taken. This is denotedby theor /0C;. Thedifferentiation

methodis basedn thatdescribedn [3].

The appl y rule usesthe resultof backward analysisappliedto the functionto

find preconditionson the aguments. While this is fine in theory it is not
necessarilyterminating— in fact the nave applicationof this ruleto ary
functionwith arecursve call will loop forever. To combatthis, if afunction
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is alreadyin the processof being evaluatedwith the sameconstraint,its
resultis givenastrue,andtherecursve agumentsareputinto aspecialpile
to beexaminedlateron.

The case rule generatesconjunctfor eachalternatve. Thegenerated¢ondition
sayseitherthe subjectof the caseanalysishasa differentconstructolsothis
particularalternatve is not executedin this circumstance)or theright hand
side of the alternatve is safegiven the conditionsfor this expression. So
if the checler canprove agiven alternative in a caseis not taken in this
situation,it canignorethatalternatve.

5.4 Obtaining a Fixed Point

We have notedthatif afunctionisin theproces®f beingevaluatedandits valueis

asledfor againwith thesameconstraintsthenthecall isdeferred After backwards
analysishasbeenperformedon the resultof a function, therewill be a constraint
in termsof the aguments,alongwith a setof recursve calls. If theserecursve

calls had beenanalyzedfurther, then the checkingcomputationwould not have

terminated.

Example 6

mapHead xs = case xs of

(1 ->1]
a:b -> head a : mapHead b

The function mapHead is exactly equivalentto map head. Runningthe
checler over this function, the constraintgenerateds mapHead@l. head{: },
andthe only recursve call notedis mapHead @..t ai | . Obsene thatthe con-
straintonly mentionghefirst elemenin thelist, while thedesiredconstraintwould
mentionthemall. In effect mapHead hasbeenanalyzedwithout consideringary
recursve applications.

Having obtainedhis constraintandrecursve call, the checler attemptgo find
afixed point. It doesthis by noting thatthe first agumentin therecursve call is
@. t ai | . Thenotationusedfor thisis@ <« @l.t ai | . Whatpredicatenvould
have to be satisfiedif n recursve callsto the function wereperformed?Denoting
this predicateasP,, wherePRy is theinitial constraint:

I:’n-l-lz Pn/\Pn[@-/@-- tail ]

Sofor themapHead function:
Py = @.{ }
Ph= @{:} A @.tail {:}
PR= @f{:} n@.tail{:} A @.tail.tail{:}
Thecheclerattemptdo find afixed point P, suchthat
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Pn: Pn+1:> Poo - Pn

but in thisexamplethereis nofixedpoint. If afixedpointcannotbeesablishedthe
systemhasspecialrulesfor dealingwith alimited setof commoncircumstances.

FormapHead wehave@ «— @.tail,so@. = @. *tail.Withthis
knowledgetheconstraintcanbewritten by replacing@ with @L... We thenobtain
thedesiredconstraintthatmapHead@l. =t ai | . head{: }. &

In generalif anexpressbn existsof theform @ «— @ . pat h then@ » =
@ . = ( pat h) . A specialcaseis wherepat hiisA. Inthiscase@ . = @ .

While thesespecial-caseuleshandlemary directly recursve functions,they
do notwork for all.

Example 7

Considerthefunctionr ever se written usinganaccumulator:
reverse x = reverse2 x []

reverse2 x y = case x of
a:b ->reverse2 b (a:y)

[l ->y

Argument@ followsthepattern@ «— @..tail,butwealso hae@
(@.head : @). Iftheprogrambeinganalyzecontainedrai n x = nap
head (reverse x), the partof the conditionthat appliesto r ever se2@
beforethefixedpointingisr ever se2@. =t ai | . head{: }.

In this casea secondrule for obtaininga fixed point is needed.This second
rule handlegecursve callsof theform

@ — Cx; - X @

(Wherethe posiionsof @ andx within C canbereorderedwith R(x) giving
thepositionof ary variable.)Theconstrainmustbe (@ , 1, c), withdr /0Cr @) =T.
In this case P, is definedto be:

(A eL(r)=Cec)A A (Xi,Crx) or

=—=—,C)
i1 0CR(x))

In ther ever se examplethefinal conditionis, asexpected:

reverse2@l. xtail.head{: } A reverse2@. ~tail.head{:} &
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6 SOME SMALL EXAMPLES AND A CASE STUDY

Example 8

head x = case x of
a:b -> a

main x = head x

> head@y{: }

> Fal se[ mai n@y{: }]

This examplerequiresonly initial constrainigenerationanda simplepropagtion.

&

Example 9

main x = map head x

> head@{: }

> map_head@. *tail . head{: }

> Fal se[ mai n@. *tail . head{: }]

This example shawvs specializationgeneratinga new function map_head, fixed
pointing beingappliedto map, andthe constraintsheing propagtedthroughthe
system. O

Example 10

main x = map head (reverse x)

-- reverse x is defined with an accunul at or

> head@{: }

> map_head@l. xtail . head{: }

> Fal se[mai n@. «tail {: } v nmain@l.+tail.head{: }]

This resultmay atfirst seemsurprising. The first disjunctof the constraintsays
thatapplyingt ai | ary numberof timesto mai n@L (alsoknown asx) theresult
mustalwaysbea: , in otherwordsx mustbeinfinite. This guaranteesasesafety
because ever se is tail strict, soif its amgumentis aninfinite list, no resultwill

ever be producedanda caseerrorwill notoccur The seconddisjunctsays,less
surprisingly thatthelist beforeit is reversedmustbealist in which every element
is anon-emptylist. &

Example 11

main x =tails x

tails x = foldr tails2 [[]] x

tails2 x y = (x:head y) : vy

head@{: }

> tails2@{: }

> fold_tails2@.«tail.tail {:} v fold_tails2@y:}
> True

\Y
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This finalexampleusesafold to calculatethet ai | s function. But astheauxiliary
t ai | s2 makesuseof head — it is not (at first glance)free from pattern-match
errors. Thefirst two lines of the outputare simply maoving the constraintaround.
Thethird line is the interestingone. In this line the checler givestwo alternatve
conditionsfor casesafety— eitherthe first agumentis a : , or the list is either
zerolengthor it is infinite. The way the requiremenfor zeroor infinite lengthis
encodeds by thepath+t ai | . t ai | . If thelistis of zerolength,thenthereareno
tails, andno wordsin theregular expressionanguagematch. If however, thereis
onetail, thenthattail, andall successie tailsmustbe: . Soeitherf ol dr doesnot
call its function agumentbecauset immediatelytakesthe zerocase,or f ol dr
recursesnfinitely, andthereforethe functionis never called. Eitherway, because
theinitial agumenttof ol dr isa: , andbecausé ai | s2 alwaysreturnsa: , the
secondoartof the conditioncanbe satisfied. &

6.1 The Clausify Program

Ourgoalis to checkstandardHaslell programsandto provide usefulfeedbacko
theuser To testthe checler aguinstthoseobjectveswe have usedseveralHaslell
programsall written sometime agofor otherpurposes.The analysisof one pro-
gramis discussetbelow.

The Clausify programhasbeenaroundfor a very long time, since at least
1990. It hasmadeits way into thenof i b benchmarksuite[5], andwasthefocus
of severalpapersonheapprofiling [6]. It parsedogical propositionsandputsthem
in clausalform. We ignorethe parserand jump straightto the transformatiorof
propositions Thedatastructurefor aformulais:

data F =
SymChar | Not F| DDs FF| Con FF | Imp FF | Eqv F F

andthe mainpipelineis:

cl auses =
concat . map disp . unicl . split . disin . negin . elim

Eachof thesestagesakes a propositionand returnsan equivalentversion—
for exampletheel i mstagereplacesmplicationswith disjunctionsandnegation.
Eachstageeliminatescertainforms of proposition,so that future stagesdo not
have to considerthem. Despitemostof the stageseingdesignedo dealwith a
restrictedclassof propositionsthe only functionwhich containsa non-exhaustve
patternmatch isin thedefinitionof cl ause (ahelperfunctionfor uni cl ).

clause p = clause’ p ([] , [1])
wher e
clause’ (Dis p Q) X = clause’ p (clause’ q x)
clause’ (Syms) (c,a) = (insert s c, a)

clause’ (Not (Syms)) (c,a) (c , insert s a)
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After encounteringhenon-ehaustve patternrmatch thecheclergeneratethe
following constraintsusingC, asanabbreiation for C,+C,:

clause’ @.+Dis»{Dis,Sym Not } A clause’ @.*Di s, Not;{Sym}
cl ause@l. *Di s»{Di s, Sym Not } A cl ause@l. *Di s,. Not ;{Sym}
unicl’ @. *Di s»{Di' s, Sym Not } A unicl’@L. *Di s, Not,;{Sym}
foldr_unicl @.+tail.head.*Di s»{Di s, Sym Not } A
foldr_unicl @.+tail.head.*Di s,. Not {{Sym}

unicl @. +tail.head. *Di so{Di' s, Sym Not } A

unicl @. +tail.head. *Di s,. Not;{Sym}

V V V V

\

Theseconstraintgjive accurateandpreciserequirements$or acaseerrornotto
occurateachstageandarevery useful. However, whentheconditionis propagted
backoverthespl i t function,theresultbecomedesspleasing.An erroroccurs
in fixedpointing,becaus@ofixedpointingschemenatchegheavailablefunction.
Theoriginal definitionof spl i t :

split p =split’ p[]
wher e

split’” (Con p gq) a =split’ p (split’ q a)
split’ pa=p: a
canbetransformednanuallyby theremoval of theaccumulator:

split (Con p q) =split p ++ split q
split p = [p]

This secondrersionis acceptedy the checler, whichgeneratetheconstraint:

split@l.*Con,{Con, Di s, Sym Not } A
split@.+Cons Di s, *xDi so{Di's, Sym Not } A
split@l. *Con,. *Di s,. Not 1{Sym}

This constraintcanbe readasfollows: the outer structureof a propositional
argumentto spl i t is ary numberof nestedCon constructorsthe next level is
arny numberof nesteddi s constructorsatthe innermostevel theremustbeeither
aSym oraNot containinga Sym Thatis, propositionsarein conjunctive normal
form.

The one part of this constraintthat may be unexpectedis the Di s,. *Di s-
part of the pathin the 2nd conjunct. We might ratherexpect somethingsimilar
to *x Con,. * Di s»{Di s, Sym Not }, but considerwhat this means. Take asan
examplethe value( Con Sym Sym) . This valuemeetsall 3 conjunctionsgen-
eratedby thetool, but doesnot meetthis new constraint:the pathhasthe empty
word property sotheroot ofthevaluecanno longerbea Con constructor

The next function encountereds di si n which shifts disjunctioninside con-
junction. Theversionin the nofib benchmarkhasfollowing equationin its defini-
tion:
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disin (Dis p q) =
if conjunct dp || conjunct dqg
then disin (Dis dp dq)
el se (Dis dp dq)

wher e
dp = disin p
dg = disin q

Unfortunatelywhenexpandedbut this givesthe call
disin (Dis (disin p) (disin q))

whichdoesnothave afixedpointunderthepresenschemeRefactoringisrequired
to enablethis stageto succeed. Fortunately in [6] a new versionof di si n is
given,which is vastly more efficient thanthis one,and (asa hapyy sideeffect) is
alsoacceptedy thechecler.

At this point in the story a crisis occurs. Although a constraintis calculated
for thenew di si n, this constraints approximatelyl5 printedpagedong! Initial
explorationsuggestshattherearemissedopportunitiedo simplify regular expres-
sions.

7 RELATED WORK

7.1 Checkingfor exhaustvenessand usefulness

Oneway of alertingusersto possiblespuriouspatternmatchess by checkingfor
exhaustvenessandusefulness.

Example 12

not Useful (x:xs)
not Usef ul [ x]
not Useful []

XS
[]
[]

not Exhausti ve (Just X:Xxs)
not Exhaustive []

[ ]
[]

Thefirst functionhasaredundansecondequation- if theargumentis of theform
[ X] , thenit would have alreadymatchedhefirst equation Equationgdefiningthe
secondiunction arenot exhaustve: for example,if the agumentis [ Not hi ng]
anerroroccurs. O

Whentrying to compiletheseexamplesusingGHC [7] 6.4, thefirst provokes
a warning, but the second doesot. Thereis a compiletime flag which canbe
addedandcatchedoth,named- f war n- i nconpl et e- patt er ns. However,
theBugs(12.2.1)sectionof themanuainotesthatthe checksaresometimesvrong,
particularlywith stringpatternsor guardsandthat this parbof thecompiler‘needs
anoverhaulreally” [7].
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Theunfortunateproblemwith thesechecksis thatthey arehighly local. If the
functionhead is defined thenit raisesawarning. No effort is madeto checkthe
callers of head —thisis anobligationleft to theprogrammer

7.2 Type Analysisfor XML

Thereare similar problemsinvolving XML [1] and XSLT [2]. XML is a hierar
chicaldatastructure which canbethoughof asanalgebraicdatastructure XSLT
is atransformatiorlanguagewith rulesgivento applyto variousXML values.In
XSLT thereis no destructve assignmentiecursionis supporteda form of pattern
matchingis used- owerallit canbe seenasafunctionallanguage.

A typespecificatiorof anXML documents writtenin aDTD (DocumentType
Definition), andcanexpresstypessuchasa nodeof typeht m containsa head
followedby abody. The paper[8] tacklesa subsetof XSLT namedXSLTO. The
guestionthe paperattenpts to addres is: Givena DTD for an outputdocument,
andan XSLTO transformationwhatis the DTD for theinputdocument?

Theadwantageof this knowledgeis thata documentanbe checledto meetan
outputDTD without the costof transformatiorfirst, andthe errorscanbe deter
minedin theinput (or source)documentwhich the userwrote — not a document
generatedby atransformation.

The papertreatsthis asa questionof backwardtypeinference.A typeis syn-
thesizedasa finite treeautomatonandis deducedcompositionally Correctness
proofsarepresentedalongwith anefficientalgorithmfor inference.

8 CONCLUSIONS AND FURTHER WORK

A staticchecler for potentialpattgn-matcherrorsin Haslell hasbeenspecified
andimplemented.This checleris capableof deternining the preconditionsunder
which a programwith non-e<haustve patternsexecuteswithout failing dueto a
pattern-matclerror. A rangeof smallexampleshasbeeninvestigatedsuccessfully
alongwith somelamger programs. Where programscannotbe checled initially,
refactoringcanincreasehechecler’s successate.

The checler relieson specializatiorto remove higherorderfunctions. Where
higher order functionsdo remain, provided they do not have ary patternmatch
failures,theremainingpartof the programcanbe checled.

Thechecleris fully polymorphicbut it doesnot currentlyhandleclassesywe
hopethesecanbetransformedaway without vastcomplication.

Thechecleris a prototypeonly, andvariousenhancementsould be made.

e The next challengeis to translatefrom full Haslell into the reducedlan-
guage.Thiswork hasbeenstarted:we have acorverterfor a usefulsubset.

e Thechecler shouldoutputfuller tracesthatcanbe manuallyverified. Cur-
rently the predicateat eachstageis given,without any recordof how it was
obtained por whateffect fixedpointinghad.
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e Thecentralalgorithmsof thechecler canberefined.A betterfixedpointing
procedurecould perhapsnake additionaluseof backwardanalysis.

With theseimprovementswe hopeto checklarger Haslell programs,andto

give usefulfeedbacko the programmer
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