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Abstract

Thespreadsheetparadigmoffersafastinteractiveloop,wheretheeffectsof updatesto def-
initions anddataareimmediatelyvisible. This makestheparadigmattractive for program
development,whererede�nitionscanbeimmediatelytestedandtheresultsdisplayed.We
havedesignedasimple,compiler-independentspreadsheetinterfaceto Haskell, wherecells
hostHaskell de�nitions. Spreadsheetsarealsousedfor high-level arraycalculations.In
order to meetthat demandwe presentan extendedarray library for Haskell, which pro-
videsa numberof typical array-languagefacilities. Together, the interfaceandthe array
library provideaninteractiveenvironmentthatcanbeusedbothfor developmentof general
Haskell codeandfor array-orientedspreadsheetcalculations.
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Chapter 1

Intr oduction

Thisis thereportfor my Magisterexamen1 project.Theprojectwassupervisedbyprofessor
Björn Lisperwhoalsois theheadof theresearchgroupthatI havehadthepleasureof being
a part of during my masteryear in computerscience2, at the Departmentof Computer
Science(IDt)atMälardalenUniversity.

Theprojecthadno externalfundingbut wassupportedwith of�ce space,equipment
andtoolsby IDt.

1.1 De�nition

Theprojectwasto designandimplementaspreadsheetinterfaceto thefunctionalprogram-
ming (FP)languageHaskell [PH99]. Theprojecthadtwo mainpurposes:

1. Provide a environmentwith a strongandimmediatefeedbackto Haskell program-
mers.

2. Provide a soundandpotentiallyvery powerful spreadsheetlanguageto spreadsheet
programmers.

Thepurposeof this interfacewasto investigateif Haskell in a spreadsheetenvironmentis
a good idea. In discussionswe madethe following demandsfor the software: the soft-
wareshouldbeworking on multiple platforms,andthesoftwareshouldbeindependentof
Haskell implementations.

1.2 Moti vation

Spreadsheetsarewidely usedin dayto daybusinessandoftenprovideaef�cient wayto do
calculations.A spreadsheetis a setof cellswhich arereferencedby it' s positionin a row-
columnmatrix. Spreadsheetswereusedbeforethe computererawith extensive manual

1TheSwedishequivalentof amasterdegree.
2seehttp://www.idt.mdh.se/magister/for moreinformationon themasteryear
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recalculationsbut hasnow becomeoneof the most usedcomputerapplicationsin both
scienceandadministration.

Thespreadsheethasprovento beaverypowerful environmentto visualizecomputed
dataandthe immediatefeedbackmakesthe spreadsheetparadigmattractive for program
development.However, the currentspreadsheetimplementationsavailableon the market
hasmany drawbackswhenit comesto computing. We want to provide a powerful visu-
alizationtool for the spreadsheet-andHaskell programmer. Commonspreadsheetssolve
many problemsandit' s well-known that modernspreadsheetsarewell suitedfor ad-hoc
businessdecisionsmakingand�nancial modeling.Neverthelesshastheprogramminglan-
guagescommunity, historically, beenverycoldoppositethespreadsheetmetaphor[YC94].
This wasprobablythe resultof the �a ws in early implementationsof spreadsheetappli-
cations. More recentwork hasshown that the paradigmis becominga interesting�eld
of research,andwe want to show anotherapproachto how to work with spreadsheetsas
a visual aid. Seesection2.2 for our encountereddisadvantagesin commonspreadsheet
applications.

A spreadsheetis agoodexampleof simplefunctionalprogramming.In aspreadsheet
the focusis on what is to becomputed,not how it shouldbecomputed.A cell's valueis
speci�edor computedwithout theneedof specifyingfor examplein which orderthecells
shouldbeupdated.But why aretheprogramminglanguagesandenvironmentsin common
spreadsheetapplicationssoclumsy?Thequestionhasbeenraisedby othersbeforeus.We
haveanideathattakingtheadvantagesof a lazy, poly morphiclanguagecouldimprovethe
spreadsheetparadigm.

1.3 Overview

Theprojectconsistsof threeparts,namelythejavaapplicationHaxcel, theHaskell library
Xarray andaHaskell compiler.

1.3.1 Haxcel

Haxcelis thenameof theprototypethatwehavedesignedandimplementedin thisproject.
The interfacemakesit possibleto createor updateHaskell declarationsandimmediately
view theresult.

1.3.2 Xarray

We presenta extensionto theArray library, Xarray, thathave featuresotherwisefoundin
languageslikeFortran90. Thelibrary canbeusedindependentlyof theHaxcelinterface.

2



1.3.3 Haskell

Haskell [PH99]is ageneralpurpose,purelyfunctionalprogramminglanguage.A function-
all programminglanguageprovidesasimpleprogrammingmodelin thatthereis onevalue
computed,theresult,dependantof othervalues,theinputs.We think Haskell canprovide
anpowerful programminglanguageto spreadsheetprogrammersthatneedsmorefunction-
ality thanwhatis providedby commonspreadsheetsoftware.We choseHaskell sincethat
it is a stronglanguagein general,andsinceit is relatively easyto de�ne domain-speci�c
sublanguageswithin it.

1.4 Spreadsheets

Spreadsheetsystemsarevery popular. They areusedfor small calculations,but alsofor
seriousapplicationprogrammingin areaslike scienceandadministration,whenthereis a
needto perform calculationswherefast and visually comprehensiblefeedbackis more
important than computationalspeed. A big reasonfor the popularity is the very tight
de�nition-eval-displayloop, wherethe effectsof a rede�nition of an entity are immedi-
ately seen. This makes the spreadsheetparadigmattractive, comparedwith traditional
compiledlanguageswherethe compile-eval-print loop is considerablymoretediousand
whereresultsareharderto presentin away thatahumancangraspquickly.

Spreadsheetssupportanarray-orientedstyleof computing.Sectionsof spreadsheets
canbe selected,andcollective operationslike summationcanbe appliedto these. This
makesit convenientto expressmany calculations.Without doubt,partof thepopularityof
spreadsheetscanbeattributedto this. Thespreadsheetlanguagesarealsotypically without
side-effects.This providesasimpleandintuitiveevaluationmodel.

However, the commonspreadsheetsystemshave weaknesses.The languagesare
typically very restricted:for instance,recursionis invariablynot allowed,andonly a few
basicdatatypesareusuallysupported.This andothercommonweaknessesarediscussed
in Section2.2.

1.5 Roadmap

This reportis outlinedasfollows: In Chapter2 we givea shortintroductionto thespread-
sheetparadigm.InChapter3 we introducetheFPlanguageHaskell andgive referencesto
furtherreadingon this subject.Thelibrary Xarrayis presentedin Chapter4. In Chapter5
we describethe designand implementationof the project. The chaptersthat follows is
(Chapters6, 7, 8) relatedwork, examplesandexperimentalresultsThe reportis �nished
by aconclusionandasectionof futurework in Chapter9.

This reportis typesetin LATEX usingTeXShop[Alg01]. Graphsanddiagramsis cre-
atedin OmniGraf�e [Omn02].

3



Chapter 2

Spreadsheets

A spreadsheetis typically a2-D arrayof cellsusedto visualizeasetof interrelatedvalues.
A typicalexampleof aspreadsheetis illustratedin Figure 2.1. Eachcell is addressedby a
2-D coordinateandits valueis representedeitherby a formulaor a constant.If a formula
is usedit' s de�ned by referringto othercellsor built-in functionsfor gettingvaluesfrom
externalsourceslike databasesor otherspreadsheets.In Figure2.1cell E4 is markedand
thevalueis visible in theedit �eld in thetop. In this casethevalueof thecell is a formula
de�ned with referencesto thevaluesin cell D4 andD2.

By doingthesede�nitions anddeclarationsin aspreadsheettheuserhasconstructed
a smallapplicationalthoughthecommonuserof spreadsheetsseldomrefer to thespread-
sheetsasapplications.Thismaybeoneof thefactorsbehindthesuccessof thespreadsheet
paradigm,theuserdon't needtraditionalprogrammingskills to startbuilding applications
in a spreadsheet.

Figure2.1: An exampleof a spreadsheetwindow,

4



Thespreadsheeterafor computersdatesbackto May 1979whenDanBricklin and
Bob Frankstonintroducedthe applicationVisiCalc [BF99] for Apple II andchangedthe
way to do calculationson a desktopcomputer. Beforespreadsheetapplicationswerein-
troduced,manualspreadsheetswerecommonin calculationbut requiredmassive manual
recalculationswhensomedatawerechanged.Todaythedefactostandardin spreadsheet
applicationsis Microsoft's Excel,hereafterreferredto asExcel. Excel is of coursemuch
morecompetentandhasmorefunctionality thanits ancestorVisiCalc,but is basicallyin
the sameparadigmwherethe spreadsheetrepresentsa 2D areawereyou canstoreyour
dataandhave calculationsmadebasedon formulas. The paradigmhasa rigid indexing
scheme,whererowsareindexedwith lettersandcolumnswith numbers.SeeSection5.2.2
for adiscussionon index schemes.

Within thisparadigmtherehavebeenandaremany differentspreadsheetapplications
that togetherwith Excel de�ne a standardfunctionality andhow to usespreadsheets.To
supplementExcelwe have speci�cally lookedsomeotherspreadsheetsprogram,they are
Mesafrom P& L Software[P&L01] aspreadsheetprogram,RagTimeSolofrom RagTime
GmbH[AL01], aprogramthatcombineswordprocessingandspreadsheetwork.

2.1 Traditional spreadsheetapplications

The commonknowledgeof spreadsheetsover the yearscanbe tracked aswhat hasbeen
thegeneric“name” for this paradigm.Startingwith Visicalc, this domainof applications
hasbeencalled“visicalc”, “lotus” afterLotusspreadsheetapplicationLotus1-2-3andnow
“excel” afterMicrosoft'sapplication.

In an article in the January/February2002 issueof Scienti�c ComputingWorld F.
Grant[Gra02]looksbeyondExcelto testwhatalternativesthereare.GrantdissectCorel's
QuattroPro10 [QUA] andInsightsful'sS-Plus6 [SPL] amongothers.We have compared
Excel with Mesafrom P & L Software [P&L01] a spreadsheetprogram,RagTime Solo
from RagTime GmbH[AL01], a programthatcombinesword processingandspreadsheet
work. All thisdifferentsoftwaresharesomecommonsetbacks,for instancethey doagood
job asdatacontainers,simple organizers,visualizersbut if you want to do moreheavy
analyticsof datathey arenot strongenough. Grantwrites in [Gra02] ”Excels statistical
functions,for example,work well in their naturalof�ce habitatbut arenot themostrobust
or reliablewhenpushedto thelimit”.

2.1.1 Excel

Excel is the dragonof the market. Microsoft hasmanagedto make this to a standard
application,and every other applicationon the spreadsheetmarket hasto be somewhat
compatiblewith Excel,andis judgedby Excel. Excel was�rst releasedin 1985for Ap-
ple Macintoshandwasoneof the �rst spreadsheetapplicationsto offer a graphicaluser
interface.

In Excel you do your work in spreadsheetsor worksheets,asMicrosoft prefersto

5



Figure2.2: An exampleof a commonspreadsheetwindow

say, organizedin workbooks. Worksheetsconsistsof a tableof cells, wherethe rows of
cells is enumeratedfrom 1 and the columnsis indexed by letters,startingwith A. This
style of referencingcells,A1-system,was�rst introducedby Lotus 1-2-3 andis now the
standardway. Earlierspreadsheetsoftenaddressedcellsby a R1C1-system.As described
above a cell caneitherhold a formula or a constantvalue. In eithercasesit' s the value
that is shown in thecell. A cells valuecanbedisplayedin differentwaysbut thereis no
typechecking.For exampletheinteger123456is displayas2241-01-04if viewedasdate-
formatand00.00if thecell is formatedto show time-format.If avalueof acell beginswith

� thenExcelregardsthevalueasaformulaandtriesto evaluatetheformula.If theformula
is correcttheevaluatedvalueis shown, otherwisea error text is written in thecell. Excel
distinguishbetweenthefollowing cell contents:numbers,text, logicalvalue,formula,error
valueandmatrix.

A workbookcontainsof acollectionof worksheetsandgraphssavedin thesame�le.

Formulas in Excel

Formulasin Excel can solve mathematicalcalculations,comparevaluesor concatenate
strings. Formulasconsistsof a text-string wherethereresult is an assignment.A for-
mulabeginswith a assigncharacter, � , followedby operandsthatformsanequation.The
operandsareseparatedby calculationoperands.Therea four differenttypesof calculation
operands,

1. Mathematicaloperands,for instance���������
	�� .

2. Logicaloperands.

3. Text operand,the&-sign concatenatestext.

6



4. Referenceoperator, canbeusedfor referencingcellsor cell ranges.Besideshaving
referencesto cellsin thesameworksheetit' salsopossibleto havereferencesto cells
in otherworksheetsandto cellsin otherworkbooks.

For instancethe =E6 assignsthe valueof cell E6 in the currentworksheetto the
currentcell. Thevalueis calculatedeitherimmediatelyor whena recalculatecommandis
executed.Excelprovidesa large setof prede�nedfunctionsthathelpsbuilding formulas
but onecannot de�ne own functionsto beincludedin formulas.Theprede�nedformulas
providesfor examplestatisticalfunctionsandlogical functions.

Macrosin Excel

Excelprovidesa macrolanguagewhereonecande�ne functionality to beexecutedwhen
triggeredby usercontrolledeventsfor examplepressingakeyboardcombination.Thelan-
guageis VisualBasicfor Applications. Macroshelpstheuserto dosequencesof commands
thatarerepeatedoftenin amoreeasyway. Themacrosarestoredin VisualBasicmodules.
Macroscannot beincludedin formulas,andshouldberegardedasproceduresmorethan
functions.

Cir cular references

A circularreferenceis whenonecreatearelationshipbetweentwo cellswith formulasthat
dependon theothercell's value.For exampleif cell 
�� hastheformula ���

�

��� asvalue
and �

� hasthevalue �


��

��� onehascreatedacircularreference.Excelcannotevaluate
cells thathave circular referencesandwarnstheuserby showing a dialog,seeFigure2.3
andalsohavea”Circular Referencestoolbar” thathelpsoneto removecircularreferences.

Figure2.3: Circularreferencewarning.MicrosoftExcel.

2.1.2 Mesa

P&L Softwarehasa spreadsheetapplicationcalledMesa[?, P&L01]. Although Mesais
a traditionalspreadsheetprogram,availablefor Apple's Mac OSX, it makessomethings
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differentfrom Excel. I particularMesausesa Mac OSX conventioncalledInspectorsto
achievemany results.An Inspectorlet you view andchangepropertieslikesize,fontsand
formatsof thecurrentelement,for exampleacell, achartor a report.

Mesacanwork with spreadsheetswith up to 99999rows (indexesfrom 1 to 99999)
andcolumnslabeledfrom A to XFDAA. Eachcell hasavalueandformattinginformation.
Mesahasthreedatatypes: numbers,stringsand error. The value of a cell is either a
numerical-or a string constant,or a formula. A formula can changesomeformatting
informationonacell dependingof thevalueof theformula.A formulacanreferto avalue
in acell duringcalculation.Whenwriting formulasMesalet onechosebetweenExcelstyle
or Lotusstyleformula.

A functionality that Mesadoesnot provide, but Excel does,is for example3D pie
chartsandpivot tables.

Codereuse

Mesahasprovidedtwo functionsto enhancecodereuse,NEXT() andSAME() . By using
themyou only needto changea formulausedin many cells in theoriginal cell insteadof
usingthe”copy+paste”-method.For exampleif you want thesameformulaasin thecell

�

� onewrite ����������� B � � . Theproblemwith codereuseis moregenerallydiscussedin
Section2.2.3

Cell Addresses

Mesausesthedefactostandard�"! -systemfor referencingcells.
SomeMesafunctionstakea cell addressastheir argument.In mostMesafunctions,

whenoneenterstheaddressof acell asanargument,thefunctionusesthecontentsof that
cell astheargument.In a few functions,however, the functionis looking for information
aboutthe cell itself. This is the casefor functionsthat askspeci�cally for a cell address
as an argument. An exampleof a function that takes a cell addressas its argumentis
the function ISEMPTY, which checksto seeif the cell at a given addressis empty. For
example,�$#%�&�"��'�(*)��,+

� �

returns- if cell +

�

hasany contentsor ! otherwise.

Naming ranges

In Mesait' s possibleto namea rangeof cells, for instanceif onenamesthe cells in the
rangefrom cell �"! to cell .

!

- Range1 then the two formulas � �/+0�1�2�"!43

.

!

-

�

and �5�/+0�1�76�8:9<;>= !

�

would give thesameresult.This givestheuseranoptionof more
suitablenamesondatarangeswhenbuilding formulas.Thenamingof rangesis donewith
theLabelInspector.

2.1.3 Ragtime

Ragtime[?, AL01], from RagTime GmbH,is oddchild of in thespreadsheetfamily, com-
bining a word processorandspreadsheets.You couldsaythat this applicationfocuseson
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Figure2.4: Interferencebetweentableswheninsertingarow for “Charlie” in the�rst table.

the printedresult. The functionality of the spreadsheetpart is of the commontype, but
thereis functionalitywewish to mentionasgoodexamples.

Unions aresinglelargecellscreatedfrom rangesof cells. It' s usefulwhencreatinglarger
containersfor examplepictures.

3D planes In Ragtimeaspreadsheetis de�ned asaplanewith rowsandcolumns,sowhat
they havedoneis enabledmultiple planesin a spreadsheet.It' s possibleto do selec-
tionsin a3D rangeof stackedspreadsheets.

2.2 Problemswith commonspreadsheetapplications?

In our work with spreadsheetswe have encounteredproblemswith commonspreadsheets
programthatmakesthemmoreor lessclumsyasapplicationdevelopingenvironments.We
herepresentencounteredproblems.

2.2.1 Rangeupdateproblem.

A problemis that the “tabular” and “de�nitional” usesof coordinatessometimesclash.
“Tabular” useof spreadsheetscan,for instance,requirethat rows or columnareinserted
in orderto updatea tablethat is embeddedsomewherein thespreadsheetarea.This will
offset a numberof de�nitions, so they now are associatedwith new coordinates.Even
thoughmost spreadsheetscan updatereferencesto coordinatesin de�nitions automati-
cally, to compensatefor this, it providesa burdenfor theprogrammerto keeptrackof the
changingnamesof de�ned entities.Someentitieslikerangesaretypically notupdatedand
operationon a rangewill be performedover wrong rangeafter the update.Worsestill is
that insertionor deletionof rows or columns,in orderto updateoneembeddedtable,can
interferewith othertablesor de�nitions thatjusthappento sharethesamerowsor columns,
seeFig. 2.4. In suchasituation,a tediousre-editingof thespreadsheetcanbenecessary.
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2.2.2 Hard to do simpledata manipulations.

It' shardto implementmanipulationsoversequencesor dataranges.Formulasfor suchma-
nipulationsoftenrequireformulaswhichinvolverelativeaddressing,or writing spreadsheet
macros.

2.2.3 Codereuseand function de�nitions.

Formulascan seldombe reusedbesidesby copying the formula into different cells. It
reducesintegrity becauseit' s dif�cult to tell whena formula hasbeenoverwrittenwith
a value. Anotherproblemis that copingformulasinto cells hindersthe developmentof
spreadsheetapplicationsbecauseit is dif�cult to extendexistingapplications.

Another, relatedproblem,observedalsoin [CB97,dHRvE95], occurswhenspread-
sheetde�nitions arecopiedbetweencells. Very often,thecopying is doneto implementa
similar computationon,say, a differentrow of a tablethantheoriginal one.A convenient
treatmentof coordinatesin the de�nition is then to let them “move”, so they have the
samepositionsrelative to thenew coordinateof thecopiedde�nition. Therefore,spread-
sheetstendto have thisbehavior asdefault. But sometimesonewould like to keepcoordi-
nates“absolute”,sothey don't movebut referto thesameentity beforeandaftercopying.
Spreadsheetsystemslike Excelprovide a syntaxthatletstheprogrammeroverridethede-
fault behavior, but theambiguityof “copying semantics”is still a sourceof many bugsin
spreadsheetprogramming.

A solutionto theproblemsmentionedabove is to createa clearseparationbetween
the useof spreadsheetsto de�ne entitiesandpromptly visualizethe results,andthe use
of spreadsheetsfor tabular calculations.Cellscanbegivengeneralnamesratherthanjust
coordinates,andonecanhave a separatecell for eachnamebinding. Arrayscanbeused
for tabular data.A changeto the index rangefor onearray, for instanceto addor deletea
row or column,will thennotaffectotherarrays.If theformulalanguageis suf�ciently rich
in arraycomputingprimitives,for instanceto specifyasimilarcomputationbeingrepeated
over a rangeof arraysections,thentherewill be lessneedto copy andpastede�nitions.
Haxcelwasdesignedto provideasolutionof this kind.

2.2.4 No local variables

Thelack of local variablesin formulascanleadto unwieldyconstructs.In normalspread-
sheetwork the work-aroundfor this is to put temporaryvaluesin the global cell space
andapply "not-visible" or hide formatsto this cell. This leadsto spreadsheetswith bad
layoutandunsafebehavior. Onecouldarguethat this could leadto uncontrolledmemory
usebut spreadsheethasstaticformulaswith astaticnumberof variablessothis is not true.
On theotherhanda languagewithout local variablescanbevery limiting whenconstruct-
ing morecomplex algorithmsandspreadsheetlanguageswith local variablescouldleadto
saferspreadsheets.
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2.2.5 Limited number of data types

Commonspreadsheetshasaverylimited setof datatypes.For instanceRagTime,presented
in Section2.1.3,hassevendifferentdatatypes:empty, number, text, multi-line text, date,
time-spananderror code. This basicdatatypesrestrainsthe ability to implementmore
complex structures.By usinga languagewith possibilitiesof a morecomplex datatype
one could usespreadsheetsfor visualizationof for instancetreesor lists. Spreadsheets
couldalsobene�t from amoretypesafelanguage.

2.2.6 No recursionin languages

A languagewhereit' s impossibleto createanalgorithmwitch includesany loop-construct,
for instancerecursionis classi�edasnot Turing-complete.This is a restraintthatexcludes
many algorithms.For instanceaftercollectingvaluesfrom anexperimentit couldbecon-
venientto useiterativealgorithmfor estimatingresults.
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Chapter 3

Haskell

Haskell is a polymorphictyped,lazy, purelyfunctionalprogramminglanguage.Thework
on Haskell startedin the late 80sandthe currentversionis describedin the Haskell Re-
port [PH99] commonlyknown asHaskell 98. The languageis namedafter Haskell B.
Currywho wasoneof thepioneersof ? -calculus.

3.1 The functional programming languageHaskell

In a functionalprogramminglanguagethe programmerconcentrateon the relationships
betweenvaluesand functionsare the centralcomponentfor accomplishvalues. Values
aregroupedtogetherin types,suchasnumbers. The basetypesin Haskell is Int and
Float for numbers,Bool for booleansandcharacters,Char . Fromthis baseof types,
typescanbe built astuple-, list- andfunction-types. Haskell alsoprovidesthe ability to
de�ne new typesusingalgebraicandabstract typemechanism.typeclasses,andtypeclass
instances.Haskell is a polymorphictypedlanguage.Polymorphismmeansmany forms
andcombinedwith Haskell asa stronglytypedlanguagethis enhancesthere-usabilityof
functions. A type is polymorphicif it containstype variables.Oneimportantfeaturein
Haskell is higherorder functions. This meansthatfunctionscanbeaparameterto another
function,returnedby functionsor storedin datastructures.Haskell evaluatesexpressions
with lazy evaluation, which imply that only partsof structureswhich areneededwill be
examined.A functionalprogram,ascript, is madeupof aseriesof de�nitions of functions.
A Haskell de�nition is a nameassociatedwith a value of a given type. De�nitions is
groupedinto modules.

3.1.1 Compilers and interpreters

Thereare four differentHaskell compilers/interpreters(ghc, nhc, hbc andHugs) that all
arefruits of researchof their creators,andthey all have �a vors that is suitedfor different
things. We didn't want to restrictour softwareto just oneof all these�a vors but wanted
to provide a tool thatcanbeusedwith differentcompilers.This is a trade-off to whatwe
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module Max2 where

�@� max2 r et u r ns t he l ar gest of two i n t eger s
max2 : : Int � > Int � > Int
max2 x y

= if x >= y then x else y

Listing 3.1: Exampleof asimpleHaskell module.

couldhavedoneif wehadbeenworking tightly to only oneexistingcompileror doingour
own compiler.

As mentionedabove therearefour differentHaskell compilers:

ghc Thiscompiler, Glasgow Haskell Compiler, written in Haskell is a full implementation
of Haskell 98. Thereis an interactive environmentcalledGHCi andalsoa number
of experimentallanguagesextensionsfor exampleconcurrency andexceptions.The
teambehindGHC hastwo main targetsfor GHC, �rstly applicationswriterswhere
GHC provides an platform for software development. Secondlyimplementorsof
Haskell relatedtoolswhereGHCcanprovideanenvironmentfor differentcomputer
scienceresearchprojects.GHCis developedat theUniversityof Glasgow.

nhc or nhc98aimsto producesmallexecutables.nhc98providessomedebuggingabilities
thatis notprovidedby any otherHaskell compiler. Thenhc98compileris distributed
by York FunctionalProgrammingGroupandthey have alsoimplementedhi an in-
teractive developmentenvironmentfor Haskell andhmake a batchcompilationtool.
This toolsaredescribedin depthin section3.2.

hbc andhbi is basedon a LML compiler. This compilerandinterpretersupportsHaskell
98, but the systemseemsto languishand it' s web pageshasnot beenupdatedfor
sometime. Thehbc/hbisystemis developedatChalmersTechnicalUniversity.

Hugs is a Haskell interpreterwritten in C. It hasfastcompilationandcombinedwith the
convenientinterpreterprovidesagooddevelopmentsystem.Hugs98 is availablefor
all Unix platformsandWindows. Hugsis describedmorein section3.3.

3.1.2 Ordinary script and literate script

In Haskell onede�ne scriptswith declarationsin modules. A simplemoduleMax2
with onedeclarationof a functionmax2 is shown in Listing 3.1.

In Haskell its possibleto write two differentstylesof scripts. The �rst type is the
”ordinary” type,which Listing 7 is sampleof 3.2. Theotherkind is calledliteratescript.
In a ordinaryscript everything in the �le is interpretedasprogramtext, exceptwhereit
is explicitly indicatedthat somethingis a comment.In a literatescript it' s the otherway
around,everythingin the�le is commentarytext if notspeci�edexplicitly asprogramtext.
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Thi s i s an exampl e of a l i t e r a t e sc r i p t .

> module Max2 where

max2 r et ur ns t he l ar gest of two i n t eger s

> max2 : : Int � > Int � > Int
> max2 x y
> = if x >= y then x else y

Listing 3.2: Exampleof aLiteratescript.

Programtext is speci�ed with a '-' andthe script �le is storedin a '.lhs' �le. The
simplemoduleMax2 is shown in literatescriptversionin Listing 3.2.

Wehavechosennot implementedfunctionalityfor literatescriptsin Haxcel,themo-
tivation is thatwe wantedto focuson themain functionalityof spreadsheets.We discuss
literatescriptsfurtherin thefuturework sectionon page48.

3.2 hmakeand hi

One of the most usedapplicationsin Unix programdevelopmentis the utility program
make,wereonede�nesfor examplescompiledependenciesof source�les andmake takes
careof recompilingwhennecessary. hmake providesthis functionalityto theHaskell pro-
grammer. hmake givesuscontrolof differentmodules,compiledor not. By specifyinga
import-declaration,hmake makessurethat it' s the latestversionis beingused,andthis is
thechoicemadein transformingamoduleto workingprogram,see 5.2.4.

The implementationof hi — hmake interactiveasdescribedin [Wal00] by Wallace
hasbeena sourcefor thoughton makinga interactive environmentto a non-interactive
compiler.

3.3 Hugsand runhugs

Theabovelistedenvironmentsis compilers,Hugsis insteada interpreter. Hugsis probably
themostusedHaskell environment,andis availablefor almosteverycomputerplatform.It
hasavery fastcompilerandhasfeatureslike incrementalcompilation.Thetradeoff made
is thatHugsrun-timeperformancecan't competewith realcompilerslikeGHC andHBC.

3.3.1 runhugs

The commandrunhugsprovides the possibility to make standaloneprogramsthat uses
Hugs. It is therefor possibleto write Unix-scriptsthewill be interpretedby runhugs.For
instancea "Hello World" programcould look like in Listing 3.3. runhugshasshown to
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#! / usr / l ocal / bi n / runhugs + l

> module Main where
> mai n = putStr " Hel l o , World \ n"

Listing 3.3: Exampleof ashellscriptusingrunhugs.

have very short turn-around-time,the time spentfrom runningthe commandto showing
theresult.
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Chapter 4

XArray

THIS TEXT IS NOT FINAL
Lisperdescribesin [LM02] anextensionto theArray library.
Xarray is anarraylibrary for Haskell 98 thatcanbeusedindependentlyfrom Hax-

cel. It providessomearrayoperationsnormally foundin arraylanguageslike Fortran90.
Besidesbeingbackwardscompatiblewith Haskell's standardarrays,a numberof features
aresupported:"elementwiseintrinsics" overloadingfor arithmeticoperations,automatic
promotionof numericalconstantsinto arraysof appropriatesize,anumberof arrayprojec-
tion operationsandfolds,andsomefunctionfor composingmatricesoutof listsof vectors
andviceversa.

The extendedarraysprovided by the Xarray library is areessentiallya simpli�ed
versionof the data �elds [Lis98] of DataField Haskell. In Listing 28 we list the major
new operationsandtypedeclarations.

TheextendedarraytypeArray a b is de�ned asaninstanceof NumandFrac-
tional whenb is aninstanceof NumandFractional respectively.

Basicfeaturesof Xarray:

A OrdinaryHaskell arrayor in�nite array. An in�nte arrayis anfunctiontogetherwith
aparticularboundUniverse .

A Computingboundsof arrayswith functionsjoin andmeet , illustratedin Fig-
ure4.1.

meet join

Figure4.1: meet andjoin on array(matrix) bounds.
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A Scalablearraysis providedthroughthetypeof theextendedarray.

A Operationsoversparsearraysis solvedby de�ning Maybe a asaninstanceif Num
andFractional whena is aninstanceof thecorrespondingclass.

A ElementwiseconditionalifA FÖRLKLARA MER

A Restrictionoperationsat andwhen

A projectionoperations

A Dimensionsoperations,makesmatricesoutof vectorsandsplitsmatricesinto vectors

A fold opratiosoverarrays
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data ( I x a ) => A rray a b = A rr ( A . A rray a b ) | I nf ( a � > b)
deriving ( )

data Bounds a = B ( a , a ) | Uni verse deriving Eq

meet : : Pord a => Bounds a � > Bounds a � > Bounds a
j o i n : : Pord a => Bounds a � > Bounds a � > Bounds a
i nBounds : : I x a => Bounds a

�

> a
�

> Bool
mkarray : : I x a => Bounds a

�

> ( a
�

> b)
�

> A rray a b
f i nar r ay : : I x a => ( a , a)

�

> ( a
�

> b )
�

> A rray a b
i n f ar r ay : : I x a => ( a

�

> b )
�

> A rray a b
at : : ( I x a , Pord a ) => A rray a b

�

> ( a , a)
�

> A rray a b
when : : I x a => ( a � > Bool ) � > A rray a b � > b � > A rray a b
proj _x x : : ( I x a , I x b ) => A rray ( b , a ) c � > b � > a � > c
proj _1x : : ( I x a , I x b ) => A rray ( b , a ) c � > a � > A rray b c
proj _21 : : ( I x a , I x b ) => A rray ( b , a ) c � > A rray ( a , b ) c
. . . ( et c ) . . .
i f A : : ( I x a , Pord a ) => ( a � > Bool ) � > A rray a b � > A rray a b

� > b � > A rray a b
col s2mat r i x : : I x a => [ A rray a b ] � > A rray ( a , Int ) b
rows2mat r i x : : I x a => [ A rray a b ]

�

> A rray ( Int , a ) b
mat r i x2rows : : ( I x a , I x b ) => A rray ( b , a ) c

�

> [ A rray a c ]
mat r i x 2col s : : ( I x a , I x b ) => A rray ( b , a ) c

�

> [ A rray b c ]
f ol dl A : : I x a => ( b

�

> c
�

> b )
�

> b
�

> A rray a c
�

> b
f ol dl M : : I x a => ( b

�

> c
�

> b )
�

> b
�

> A rray a ( Maybe c )
�

> b
. . . ( et c ) . . .

Listing 4.1: Selecteddeclarationsand de�ned functionsof the extendedarray library.
(Haskell's usualArray moduleis importedquali�ed asA. Pord is a partial orderclass
with operationsglb , lub , andlt usedby join andmeet .)
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Chapter 5

Haxcel

This chapteris structuredasfollows. First we make a walk throughthesoftwareshowing
featuresandintroducingsomethoughts.Next we presentthe designof the softwareand
�nally writesabouttheimplementation.

5.1 The application Haxcel

We madethechoiceto useto geta platformindependentapplication.We have focusedon
to make thesoftwarea effective prototypefor investigatingif Haskell couldbe usedin a
spreadsheetenvironmentandit shouldbeeasyto use.Thesoftwareis distributedasa -jar
�le, which make the softwareeasyto install. We do not provide a Haskell back-end,see
Chapter3 for references.

Figure5.1: Themainwindow of Haxcel.
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5.1.1 User interface and editing

Haxcel hasa main window that representa Haskell module,seeFigure5.1. The main
window containsa menubar, two �elds andthreebuttons. The upper�eld containsa list
of the declarationsin the currentmodule. This list is of courseempty from start. The
lower �eld is a consoleareawere error messagesis displayed. For instanceif thereis
a compileerror the softwarewill notify the userby a dialog andthe userwill �nd more
informationon theerroron theconsole.ThethreebuttonsareEval, ValueandEdit. The
Eval-buttonstartstheeval-loopdescribedbelow. Whentheevaluationis doneonecanuse
theValue-buttonto show thevalueof thedeclaration.All editingof declarationsis donein
theEdit-window, displayedwhenoneclick theEdit-button.TheEdit- andtheValue-button
requiresa selecteddeclarationto behighlighted,andtheEval-buttonrequiresthatthereis
anactivemodule.

The menus

Themenubarhasfour menus:File, Edit, ModuleandDeclarations. File andEdit is defacto
standardto have in a graphicaluserinterfaceandonecanhere�nd theusualmenuitems
like New, Open,Closeetc. We have not implementedany menudrivencut andpastebut
relieson thekeyboardequivalentsthat is suppliedwith Swing. They shortcutsis platform
dependent,for instancecopy is Command-ConMacOSX andctrl -c onotherplatforms,
soa usercantakecomfortin previousknowledge.

Thechoicesof on theNew-menuis asfollows:

New Createsa new module. Brings up a dialog for enteringthe nameon the moduleto
create.Onedoesnot suf�x themodulenamewith .hs or .lhs . Menushortcutis
ctrl 1-N.

Open Bringsupopen-�le dialogfor theuserto locateandopenapreviouslysavedmodule.
Menushortcutis ctrl -O.

Close Closesthecurrentmodule.Activeonly if thereis anopenedmodule.Menushortcut
is ctrl -W.

Save Usedfor saving thecurrentmodulein HAX-format. Menushortcutis ctrl -S.

SaveAs.. . When one wantsto save the currentfor the �rst time or want to save it as
anothermodule.

Export For exportingthecurrentmoduleasanHaskell-�le. SeeSection5.1.2below.

(Import) Not implemented.Seefuturework in Section9.1.5.

Quit For acontrolledterminationof thesoftware.Menushortcutis ctrl -Q.
1Mac OS X usersusestheCommand-key instead,but from hereon we, to simplify reading,only write

ctrl
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Usuallyonein theEdit-menu�nd itemslike itemsUndo,Copy, Cut andPaste.We
have chosento not include themin this prototype,seethe future work section(Section
9.1).Thechoicesof on theEdit-menuis asfollows:

Selectcompiler Hereonechoseto usehmakeor runhugsasHaskell back-end.

Compiler �ags. . . Brings up dialog whereon specifyoptionsto the compiler. SeeSec-
tion 5.1.2below.

Thechoicesof on theModule-menuis Compile andEval. Eval is theequivalentof
the button Eval, andCompilecanbe usedfor syntaxcheckingwhenhmake is chosenas
back-end.

Thechoicesof on theDeclarations-menuis asfollows:

Newdeclaration The submenucontainsall the type of declarationsthat canbe created
in Haxcel. Whenoneof themis selecteda dialog for namethe new declarationis
displayed.After thenamehasbeenspeci�edtheedit-window for thenew declaration
opens.

Rename To renamethedeclarationcurrentlyselectedin thedeclarationlist.

Delete Deletestheselecteddeclaration,seeSection5.1.2.

5.1.2 Description of sometasks

In this sectionwegivea morein depthexplanationof somespecialfeaturesin Haxcel.

Changingpreferences

Haxcelmakesits easyfor theuserto changetheHaskell compileror compilingoptionsto
beused.In theEdit menuthereis achoicefor preferencesandtheonly customizationavail-
ableis changingthecompilecommand.Thesyntaxfor theoptionsis thesyntaxfor hmake
(seeSection3.2). Thedefault option is -nhc98which speci�esthat thenhc98compileris
used.

The speci�ed optionsis saved in the preference�le for Haxcel. This �le is saved
in two different way accordingto which operatingsystembeing used. If the software
is runningon Mac OS X the �le "Haxcel Prefs" is saved in the userspreferencefolder
( BDCFE

=HGJI /Library/Preferences).Onany otherUnix systemthe�le ".haxcelprefs"is saved
in the usershomedirectory. The �le is a plain text �le with the speci�ed options. It' s
possibleto edit the �le in a text editor. An exampleof a preference�le is in Figure5.2
show how to specifythenhc98-compilerandthatmoduledependenciesshouldbeprinted.
If theoptionsaddedto thecompilecommandgeneratesoutputit' s written in the console
areain the main window of the software. SeeSection5.3.2 for further informationon
compiling.

Furtherpreferenceswoulddemandamorecomplex �le format.
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-nhc98 -M

Figure5.2: Exampleof speci�edoptionssavedin thepreference�le

Deleteand renameof a declaration

It' s possibleremove a declarationand it' s alsopossibleto renamea declaration. When
renamingadeclarationit' s importantto renamethedeclarationin theHaskell code.This is
abit awkwardbut wehaveasolutionfor this in thefuturework section,seepage48.

Export of a module

It' spossibleto exportacompletemodulefrom Haxcelto acommonHaskell �le thatcanbe
usedindependentlyfrom Haxcel.Theuseris freeto choosenamefor theexported�le and
whereto savethe�le. It' snotpossibleto importaHaskell moduleto Haxcel,althoughthis
would bea nice thing, insteadwe have kept the syntaxof a Haxcel�le fairly simpleand
it' spossibleto convertaHaskell �le to thehaxformatby hand.For furtherinformationon
thehaxformatseeSection5.2.3.

5.1.3 The Edit window

Figure5.3: Theedit window.

Theeditwindow consistssimplyof atext �eld for theHaskell sourceandacheckbox.
Thecheckboxhasthe importantfunctionof telling Haxcelwhetherto show thevaluefor
this declarationor not. An exampleis in Figure5.3. The positionanddimensionof the
window is savedbetweensessionsin themodule�le.

5.1.4 The Value window

The�gures 5.4and5.5showsthetwo differentwaysof showing acomputedvalueof adec-
larationwhentheresultis of aarraydatatype.Onecanchangethedisplaytypebychoosing
in thesettingsview of thevaluewindow, asdisplayedin Figure5.6.Thedimmedradiobut-
tonsfor changingbetweenhorizontalor vertical view of a arrayis not implemented,see
futurework in Section9.1.3.Thecontentsin a cell is formatedautomaticallyby theusers
operatingsystemsettings.Thiscouldbesomewhatconfusingto experiencedHaskell users
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Figure5.4: This is anexampleof theArray view of aArray type.

Figure5.5: This is anexampleof thenormalview of aArray type.

thatexpectto seenumbersasplain digits. TodayHaxceltreatsintegers, �oats andstrings
speci�cally. Any otherkind of datatypethathasderivedtheHaskell classShow is treated
asastring.

Whenacomputedvalueis notaarraythevaluewindow is slightly different,showing
just thevalueandthereis nosettingsview for this kind of data.

Whensaving amodulethespeci�cationsof thevaluewindows is savedto.

5.2 Design

Thetaskof theprojecthada very soft description,andasmentionedin theDe�nition on
page1 themaintaskcouldbesummarizedto investigatewhetherHaskell in a spreadsheet
environmentis a goodidea. So whenwe startedto discussthe designof the projectwe
formedsomedesigngoalsfor thesoftware.This is discussedfurtherin Section5.2.1.

Figure5.6: Thesettingsview of avaluewindow.
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5.2.1 Designgoals

Whendiscussingthedesignof Haxcelwe formedthreemaingoals.

Multi-windo w spreadsheetsOnespreadsheetshouldnotbea single2-D areaasin Excel
but rathera collectionof windows, oneperde�ned entity in themodule.This is as
far we know a new way to look at spreadsheets.We shouldalso�nd a differentway
to index andaddresscellsin a spreadsheet.

Componenti�cation by makingHaxcelindependentfrom existingHaskell compilers.We
didn't want to betightly boundto a singleHaskell environment,insteadwe wanted
to providea tool thatcouldbeapartof any Haskell programmersenvironment.

Platform independencethroughandotherstandardcomponentsavailableon many plat-
forms.

Besidethis threemain goals,Haxcelshouldprovide functionality to createHaskell
modulesanddeclaration.Althoug it' s possibleto work with multiple modules,Haxcelis
restriktedto have only oneactive module.Eachdeclarationshouldhave it' s own window
and we decidedto give the user the reposnibiltyof decidingwethera declationsvalue
shouldbe shown or not. The useris therefor responsibleof not showing a in�nte data
structure,asHaxel doesnothandelin�te reulsts.OntheotherhandHaxceldoesnotrestrict
theuseof in�nite structures.

Platform independence

Thethird goalwasto provide platformindependencewith maintargetat SolarisandMac
OS X. We decidedto use for implementingthe front end of Haxcel. Java was touted
to be a platform independentlanguagebut hasshown to be the different. We therefor
decidedto only useStandardJava 2 components,e.gSwing [Sun02a].Anotherstandard
componentwedecidedto usewasXML [XML02, HM01], andby choosingSunsstandard
XML package[Sun02c]thatnow is a partof Java 2 v.1.4[Sun02b] we have stickedto the
ideaof standardcomponents.

For thebackendof Haxcelweareusinghmake(seefurtherdiscussionin Section3.2)
witch let theuserchooseHaskell compiler. Themajorbene�tsof thisarethecon�gurability
andthat it' s a part of the nhc98[NHC02] distribution of Haskell. This approachis very
�e xible but have a majordrawbacktoo, theuseof a compilermakestheturn-aroundtime,
seeChapter8, ratherlongandmakesHaxcelratheruselessfor interactivity use.Wewanted
to speedupthisandaddedachoicefor anotherback-end.Thedistributionof theinterpreter
Hugs98(seeSection3.3)hasacommandline versionof theinterpretercalledrunhugs. By
usingrunhugswereducethetheturn-aroundtimeallot andgetalmostinstantfeedback,see
Chapter8 for benchmarksfrom ourexperiments.
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Figure5.7: An exampleof thecommonindex scheme.

5.2.2 A more �exible indexing scheme

Commonspreadsheetshave a rigid index schemefor indexing, often a sheet's rows are
enumeratedby integers( !

���%�LK>�H	H	H	 ) andcolumnsby letters( �

�

�

�H	�	H	��

�M�

�

�

�

�H	H	�	 ). This
wayof indexing is effective in relatively smallspreadsheetsbut it doesnotsayanythingof
thecontentsof a cell, for instancethecell denotedA4 cancontainaninteger, a stringor a
sound.An exampleof thecommonindex schemeis shown in Figure5.7,hererepresented
by Microsoft'sExcel(seeSection2.1.1).

RatherthanusingExcelsandother's rigid indexing scheme,whererows areindexed
with lettersand columnswith numbers,any subrangeof an Ix data type can be used
to index any dimension. This givessomeinterestingpossibilities: for instance,onecan
createown enumerateddatatypeswherethe namesof the elementsaredescriptive: this
cansometimeseliminatetheneedto put rowswith text cellsinto thespreadsheet.

Anotheradvantagewith self de�ned Ix datatype is that it makesthe spreadsheets
moretypesafe,for instanceit makesit impossibleto addtwo arraysof differentIx -types.

Cell addressing

In commonspreadsheetstherecanbe ambiguitiesin how a cell is addresseddepending
on if it' s thecells valuethat is addressedor its reference.An exampleof this is given in
Section2.1.2werein Mesathe function ISEMPTY() takestheaddressasargumentand
not its value.

MesaalsoimplementsafunctionSAMEthatalsotakesaaddressasargumentanduses
thatcells formula. If theformulahasreferencesto othercells they arechangedaccording
to thepositionbetweenthetwo originalcells.For example,illustratedin Figure5.8,if cell

�

�

containsthe formula �

�

K��

! andcell 


�

containsthe formula �N���������

�

�O�

the
effectiveformulain 


�

is �




KP�

! . If oneinsteadde�ne theformulain
�

�

as ��Q

�

Q

KP�

!
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thevalueof 


� would bethesameas
�

� . If onenow de�ne R

� as �1�������S�




� � there
will beanerror.

Figure5.8: Cell addressing.

By usingHaskell we avoid pitfalls like this andcombinedwith Xarray andin par-
ticular Ix datatypesonegeta moretypesafespreadsheet.

5.2.3 HAX Format

When we discussedhow to save dataour choicefell on XML as an naturalchoicefor
specifyingtheinternalformatof Haxcel�les. With XML it' spossibleto usestandardJava
classesfor parsingof XML so therewasno needfor implementinga XML parser. The
hax-formatis speci�ed in very simpleXML syntax,andcouldprobablybemoreeffective
by usingtheDTD standard,seeSection5.6for furtherdiscussionon XML. Wedecidedto
keepit simpledueto thatit' snot themaintargetof theproject.

Whenthe hax-�le is parsedit hasto be analyzedandwe de�ned the grammarfor
the hax-formatas describedin Figure 5.9. A simple exampleof a hax-�le is shown in
Listing 5.1.

5.2.4 Program Generation

In generalaHaskell programissemanticallycompleteaccordingto theHaskell Report[PH99]
whenit is compiled,but the reporthasnot de�ned a precisemeaningto individual state-
mentsasWallacementionsin [Wal00]. We facethesameproblemsasWallacein making
our work semanticallycorrect,but we do not needto evaluateindividual expressionsin a
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<?xml v er si on = ' 1 . 0 ' encodi ng=' u t f � 8' ?>
<modul e>

<modid name=" Si mpl eex " />
< dec l ar at i ons>

< dec l ar at i on def t y pe=" i mpor t " >
<wi ndowdata ewrect = " 225,199,98,69"

ew v i si b l e=" 1"
/>

< hask el l haskel l name=" A rray " v al uet y pe=" " >
<! [CDATA[ i mpor t A rray ] ] >

</ hask el l >
</ dec l ar at i on>
< dec l ar at i on def t y pe=" eq" >

<wi ndowdata ewrect = " 119,109,165,94"
ew v i si b l e=" 1"
vwrect= " 0 , 0 , 0 , 0 "
v w v i si bl e=" 1"
/>

< hask el l haskel l name=" n" v al uet y pe=" " >
<! [CDATA[ n = 3] ] >

</ hask el l >
</ dec l ar at i on>
< dec l ar at i on def t y pe=" dat a" >

( . . . et c . . . )
</ dec l ar at i on>

</ dec l ar at i ons>
</ modul e>

Listing 5.1: Haskell sourcecodefor Simpleex.hs
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<!-- enkel grammatik KORREKT????
module : modid definitions

modid : name windowdata

definitions : definition definitions

defintion : deftype haskel

deftype : eq
: class
: instance
: data
: type
: newtype

haskel : haskelname haskelcode

-->

Figure5.9: Grammarof theHAX format.Describedin Section5.2.3

arbitraryorder. Insteadtheorderis boundby which declarationstheusermarksasexpres-
sionsto be evaluatedat execution. This meansthat all bindingsarechecked at compile
timeandthescopeof declarationsmustbecorrect,otherwiseno executionis doneandthe
useris noti�ed throughcompileerrors.

Whengeneratingthe programfrom the declarationsmadewe have taken into con-
siderationtwo differentstandardcases.The �rst is whentheuserhascreatedon module
ModuleM.hs asdescribedin Figure5.10.In thiscaseeachdeclarationthatis markedto
show its calculatedvalueis consideredaexpressionandincludedin thedeclarationof main
in Main.hs . Theotherstandardcaseis whenthede�ned moduleis namedMain.hs as
describedin Figure5.11. If this is the casethe declaredmodulewill be renamedin the
programgenerationphaseto avoid a con�ict with the Main.hs that will be createdby
Haxcel. The different stepsof the programgenerationphaseis describedbelow. First
describedwith hmakeastheback-end.

1. Build haskell �le from module.Thisstepgeneratesahaskell source�le basedonthe
declarationsmadein themainwindow. All declarationsthat theuserhasde�ned in
this moduleareincluded.Themoduleis alwaysrenamedby addinga underscorein
front of thename.This is becausewedon't wantto removeany exportedmodulesin
thecleaningupstep.

2. Build Main module. All declarationsare searchedto seeif the userhasmarked
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module ModuleM where
import �UT

import �WV

...
import �YX

Z

T

Z

V

...
Z [

=HT

=\V

...
=H]

��8:lm9
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module Main where
import ModuleM
main = print =HT

�

=\V

�H	�	H	o�

=H]

Figure5.10:Programconstruction,case1

oneor moredeclarationsto be shown. This declarationsaretreatedasexpressions
to be computedandareincludedin the Main declarationthat is to executedby the
executionsteplateron.

3. Compilewith hmake. SeealsoSection5.3.2.

4. ExecutetheMain �le thatis theresultof thepreviousstep,thisstepandthefollowing
is describedin moredetailsin Section5.2.5.

5. Parsetheoutputfrom previousstep.

6. Cleanup,thatis removeany �le usedor createdin theabovementionedsteps.

Whenrunhugsis chosenthestepsareasfollows.

1. Build Haskell �le from module. This stepgeneratesa Haskell source�le basedon
thedeclarationsmadein themainwindow. All declarationsthattheuserhasde�ned
in this moduleareincluded.Themoduleis alwaysrenamedby addinga underscore
in front of thename.This is becausewedon't wantto removeany exportedmodules
in thecleaningup step.

2. Build Main module. All declarationsare searchedto seeif the userhasmarked
oneor moredeclarationsto be shown. This declarationsaretreatedasexpressions
to be computedandareincludedin the Main declarationthat is to executedby the
executionsteplateron.
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module Main' where
import �UT

import �WV

...
import �YX
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module Main where
import Main'
main = print =tT
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=H]

Figure5.11:Programconstruction,case2

3. Startrunhugswith Main.hsasinput �le. SeealsoSection5.3.2.

4. Parsetheoutputfrom previousstep.

5. Cleanup,thatis removeany �le usedor createdin theabovementionedsteps.

5.2.5 Executionof Main

Theresultof thecompiling is a executable�le namedMain. This �le is executedandthe
outputfrom the�le is parsedby Haxcel.We chooseto rely on theHaskell classShowfor
the outputdata. This meansthatonecanimplementdatastructurethat derivesthis class
andHaxcelwill beableto show them.

Format of output

The output from the executionis readby Haxcel and parsedaccordingto the grammar
in Figure 5.12. The output is createdby a print statementin the main declarationthat
is createdin the programgenerationphase.In discussionswe talkedaboutusinga more
complex format, for instanceusingXML for taggingtheoutputstreambut we decidedto
keepthesyntaxverysimpleandstraightforward.
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%\[
%
%
%
%
%
% FIXA SNYGGAREGRAMMATIK
%
% stream -> OUTPUTdata
%
% data -> : id : result NEWLINE data
% | e
%
% result -> ARRAY dim value
% | NUM
% | other
%
% dim ->( dimstring )
% dimstring ->( x1 , y1 ) , ( x2 , y2 )
% | x , y
% value ->[ celldata , nextcell ]
%
% nextcell -> celldata , nextcell
% | e
% celldata -> ( cell , data )
% other ->< < STRING > >
% STRING -> chardata
%\]

Figure5.12:Grammarfor analyzingtheoutputfrom Main
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5.3 Implementation

5.3.1 Problemsto solve

Besidescommondesignissueswehavede�ned thefollowing mainproblems.

User interface generalwindow thingslikeadding,modifyingandremoving declarations.

Interface betweenJavaapplicationandcompiler, especiallyhow errorsarehandled.

Structured data like list(possiblein�nite), treesandarraysneedsto behandledanddis-
played.

5.3.2 Compiling

The�nal build commandis a concatinationof thethreestringscompilecommand="hmake
", options="-nhc98"andmain=" Main", all speci�ed in the HXPrefs-class. The options
string can be changed,see 5.1.2 above, but the other two is not userchangebleat this
stadge.

5.3.3 Parsing structur ed data

array (1,4) [(1,False),(2,True),(3,False), (4,T rue)]

Figure5.13:Exampleof anarray.

Due to lack of time we had to restrict the prototypeto only handlearrays. The
Haskell classArray derivesthe Show-classandwhenprintedthe resultcanbe described
in a grammar. Thegrammarin Figure5.12is usedto formally describehow we parsethe
datastreamfrom the execution. In Figure5.13we show an exampleof an arraythathas
four cells.Thecellsis enumeratedfrom 1 to 4. Thedimensionstringis eithera tuplewhen
thearrayhasonedimensionor a pair of tupleswhenthearrayhastwo dimension,in other
wordsa matrix or table. We have not implementedhigherdimesionarraysdueto lack of
time(seeSection9.1.6).

5.3.4 Parsing numbers

For interpretationof numbersweuseJava'sconstructorsfor differentnumericaldatatypes.
BasicallyNUM , in Figure5.12 is �rst assumedto be of class�oat , althoughusingthe
NumberFormatExceptionwe catchother formats, for examplenumberin the form of a
rational2. If the NumberFormatExceptionis thrown by the constructorfor Float we treat

2Thehaskell library Ratiogeneratsoutputnumbersin theform of rationales,for example“…” • is shown as
–•—™˜

.
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NUM as a instanceof String class. If the Float constructoris successfulwe compare
the integer valueof NUM andthe �oat value. If the valuesis equalwe insteadusethe
Integer classto hold thenumericalvalueof NUM . Whendisplayinginstancesof thejava
classesFloat andInteger the numbersis displayedaccordingto the settingsof the users
internationalpreferences.

5.3.5 Execution
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Figure5.14:TheFSMfor parsingoutputfrom theexecution

5.4 Implementation details

The software is developedon a Apple Power MacintoshG4 running Mac OS X using
ApplesProjectBuilder[Com01]andBareBonesBBEdit[BBS02] asdevelopmentenviron-
ment. The softwarehasbeentestedsuccessfullyon Linux andSolarisbut doesnot work
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on Microsoft Windows. ThesoftwarerequiresJava, hmake anda Haskell compileror in-
terpreterandshouldbeworking on a lot of differentoperatingsystems.Seetable5.1for a
completetableof requirementsandwereto gettherequiredsoftware.

5.5 Java

The Object-orientedprogramminglanguageJava from Sunwas toutedto be a platform
independentlanguage.This wasappealingto usaswe wantedto provide a platforminde-
pendenttool andJavawaschosenastheimplementationplatform.

5.6 XML

XML is anmarkuplanguagethat is derived from SGML. Theacronym standsfor Exten-
sibleMarkupLanguageandwasdesignedfor large-scaleelectronicpublishing.XML has
becomeadefactostandardin text-dataformats.

We chooseXML on thebasisof that it' s easyto encapsulateotherlanguagesinside
a markuplanguagewhich meantthatwe didn't needto inventour own format for storing
information.TheXML-format is relatively easyto readby humansandeasyto implement
parsersfor.

5.7 Working envir onment

Thetable 5.1showsthesoftwareusedandneededto makeHaxcelwork. As faraswenow,
Haxcelworkswith currentversionsof thelistedsoftware.
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Table5.1: Versiontableof usedsoftware

Product Provider Description
hmake Version:3.05(2002-06-13)
ghc Glasgow Haskell Compiler, Version

5.00.2,for Haskell 98,compiledby
GHCversion5.00

nhc98 v1.14(2002-06-13)
hugs& runhugs December2001
ProjectBuilder Apple Version1.1.1(December2001De-

veloperTools)
Java Sun& Apple java version "1.3.1", Java(TM) 2

Runtime Environment, Standard
Edition (build 1.3.1-root-020219-
20:07), Java HotSpot(TM) Client
VM (build 1.3.1,mixedmode)

JavaXML Sun JavaXML PackSpring02dev Bun-
dle
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Chapter 6

Relatedworks

Whenstudyingrelatedworks to our projectsthey canbe divided into two major groups,
Haskell relatedandspreadsheetrelated.

6.1 Haskell related

6.1.1 Haskell editors

VITAL

Relatedwork,dubörkolla in "VITAL" av KeithHanna(http://www.cs.ukc.ac.uk/people/staff/fkh/Vital/index.html).
Dettaärverkligen"related"i högstagrad!

hIDE

hIDE [Sve02] is a GUI-basedHaskell IDE written usinggtk+hswritten by JonasSvens-
son. It doesnot includean editorbut insteadinterfaceswith NEdit, vim or GNU emacs.
Svensonlist someof its features;Module tree,BasicCVS support,Extractionof TODO
stylecommentsfrom code,Creationof callgraphs(if graphvizis installed),Find wherea
functionis used,Find functionsandmodulesby nameandtype.

Our projecthasasmaintarget theresultof theexecutedprogramandhow thecom-
puteddatais presentedwhile hIDEsmainfocusis theprogramthatis to becomputed.

6.1.2 Haskell compilersan interpreters

Onemaydiscussif Haxcelis somewhata interpreterandnotonly a visualizationtool and
editor. Althoughweusetherunhugsor hmakeasback-endinterpreter/compilerHaxcelhas
to behave likeaninterpreterto somedegree.

hi - hmake interactive- Compileror Interpreterby MalcomWallace[Wal00]. This
articledescribesthedesignof hi, a interactive front-endto hmake. hi is written in Haskell.
Thereporthasa gooddiscussionon differencesbetweencompilersaninterpreters.hmake
wasour �rst chosefor back-endwhenwestartedto designHaxcel.
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hugsis perhapsthemostusedinterpreterfor Haskell, andwehavechosenrunhugsto
beoneof ourback-endsto Haxcel.

TheInteractiveLazyML by LennartAugustsson[Aug93]. This articledescribesthe
designandimplementationof interactiveLML, whichhasaHaskell front-end.It' salsothe
foundationfor hbi theinteractivesystemto hbc.

6.2 Spreadsheets

In the pasttherehave beensomeprojectslike oursthat tries to improve the spreadsheet
paradigmwith a morepowerful language.In Section6.3.2we presentedsomeof them.
AmongothersFunSheetpresentedin [dHRvE95]hastakenslightly differentapproachthan
we but have thesameideaof a lazy, purelyfunctionalprogramminglanguagewitch is not
aspecialdedicatedspreadsheetlanguage.

Another approachin this domainis the work presentedin [CB97]. Although we
have not found any newer work in this project,Clack andBrainework hasconvincedus
thatwe areon theright trackin our approach.They proposespreadsheetsthat incorporate
functionalprogrammingfeatureslikehigher-orderfunctions,astrongtypesystem,curried
partialapplications,referentialtransparency andlazyevaluation.

A third proposalin the spreadsheetparadigmis the Mini-SP-languagepresented
in [YC94]. YoderandCohnherepresenta dedicatedspreadsheetlanguage,andhereby
differsfrom usandtheabove presentedwork. YoderandCohnsummarizestheir research
in [YC97] with thede�nition of aGeneraliseSpreadsheetModel.

6.3 Other approachesto spreadsheets

Therehavebeenmany approachestowardthespreadsheetprogrammingparadigm.Spread-
sheetshasbeenbasedon logic, constrains,functionalandobject-orientedthinking.

6.3.1 Logic and constrain basedspreadsheets

W. Du andW. Wagswritesin [DW90] abouttheirapproachto havea3D spreadsheetbased
on Intensionallogic1. Thebene�tsof thisapproach,accordingto thewriters,shouldbe:

. . . thatit considersthewholespreadsheetto beasingleentitythatvariesin
threedimensions— two spatialandonetemporal.Thespreadsheetis denoted
by asinglevariable,thatyoucanusein expressionsjust likeany othervariable.

Anotherlogic paradigmapproachwasdoneby M. Spenke andC. Beilken in PER-
PLEX. They show in [SB89] thepossibilitiesin combininglogic programmingwith spread-
sheets,using programming-by-examplesto de�ne userde�ned predicates.Formulasin

1Intensionallogic is concernedwith assertionsandotherexpressionswheremeaningdependson implicit
context.
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PERPLEXarenot on form of functionalsbut aregiven asconstraints.The emphasisin
PERPLEXwasto build ageneralprogrammingtool anddiffersin thatway, amongothers,
to anotherconstraintbasedapproachgivenby M. Stadelmannin [Sta93]weretheemphasis
is on a powerful calculationtool. Oneof themain bene�ts of usingconstrainsinsteadof
formulasis that a constrainactslike a true equationthat canbe solved for any unknown
cell.

6.3.2 Functional Spreadsheets

The functionalprogrammingapproachto spreadsheetshasbeena usedbeforeus,among
othersis is FunSheetdescribedin [dHRvE95] andthepaper[CB97] whereC. Clackand
L. Braindedescribesthe designof a object-orientedfunctionalspreadsheet.The latter is
written within the CLOVER project see[BC96] for details. The functional part of the
presenteddesignincludeshigh-orderfunctionsandlazy evaluation. Although they have
a object-orientedapproachthe FP part is essentialand they presentthe grammarfor a
functionalspreadsheetverydetailed.

deHoondescribesthedesignandimplementationof FunSheet, a functionalspread-
sheet,in thearticle [dHRvE95]. FunSheetusesa purely functionalhigherorderlanguage
to allow the userto describespreadsheetscomputations.The languageis a Clean-like,
untypedfunctionallanguage.In FunSheetevery columnis treatedasfunctions,witch is a
gooddesignmodel,but we think thatthisgivescolumnsahigherimportancethancolumns
andwe want to useHaskell's way of de�ne datatypesasindexes,both for columnsand
rows.

YoderandCohnpresentin [YC94] a spreadsheetlanguagecalledMini-SP. They de-
�ne this functionalprogramminglanguageto bestructured,concurrentandscalable.The
languageis to bearesponseto thebadlanguagesin commonspreadsheetsandis a interac-
tive anddeclarative approachthat thespreadsheetsbring to thearrayprogrammingarena.
TheMini-SP languageusesideasfrom More's arraytheoryandAPL. In commonspread-
sheetsit' s possibleto have absoluteand relative addressingto cell references.Mini-SP
preserves relative addressingbut absoluteis default, relative addressingis donethrough
pre�xing with a “+” or “-”. Cellscanbegroupedinto rectangularblocksandthenrepre-
sentingaarraywitch of coursecanbeat leasttwo-dimensional.
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Chapter 7

Examples

We will in this chaptergive threeexamplesof how Haskell canbeusedandwe will also
presentsomebenchmarkresults.We think that thesethreeexamplesshows thebene�t of
usingHaskell asaspreadsheetprogramminglanguage.

The�rst exampleis a realsimpleexampledescribingtheHaskell syntaxof arrayand
how Haxcelvisualizeaarray.

The secondexampleis an examplethat shows how it' s possibleto write a function
with localvariablesandrecursionfor estimatingacurvedata.Theexampleis fromenviron-
mentalsciencebut it shouldbeobviousthatcomputationswith Haskell anda spreadsheet
visualizationof testresultsandcalculatedvaluescanbeusedin any disciplinewith need
for aadvancedmathematics.

Thethird andlastexamplemakeuseof XArray andis asmallbudget-application.

7.1 An simpleexample

Firstaverysimpleexamplewhichassignsvaluesto arrayof lengthspeci�edby thevariable
9 . Whenthe index of the arrayis odd the valueassignedis Foo if the index is even the
valueis Fum. Thesourcecodeis listedin 8.

In Figure7.1all windowsassociatedwith Simpleex is displayedandparticularlythe
view of Array 8 is showedin spreadsheetform.

module Si mpl eex where
import A rray

�@�

st andar d H ask el l ar r ay l i b r ar y
n = 3
data Fee = Foo | Fum deriving Show
f x | odd x = Foo

| even x = Fum
a = ar r ay ( 1 , n ) [ ( i , f i ) | i < � [ 1 . . n ] ]

Listing 7.1: Haskell sourcecodefor Simpleex.hs
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Figure7.1: Thewindowsassociatedwith the�rst exampleSimpleex.

7.2 An application for envir onmentalscience:Toxicity Rat-
ings

INTE FÄRDIGT TABBELLEN ÄR BARA EN DUMMY GRAFÄR EN DUMMY
This is an examplefrom environmentalsciencewerespreadsheetsoften is usedto

handlemeasuredvaluesfrom differenttests.After thetestis doneseveralvaluesarecalcu-
latedfrom thegiventestresults,usingnumericalmethods.We herepresentanexampleof
calculating}


›š

T usingXXX. Theexamplehasbeensupervisedby AnnaKejler, Environ-
mentalEngineer.

Onecommonway to measuringtoxicity is to make a dose/responsecurve out of a
testpopulationwhichareexposedfor achemical.A convenientwayof describetoxicity of
a chemicalis to determinethedoseto which 50 percentof thetestpopulationis sensitive.
Therearea numberof termsin regularusein thestudyof toxic effectsfor examplelethal
concentration (LC) meaninga concentrationof a poisoncausingdeath,or suf�cient to
causeit, by directaction. Thesensitivity of a organismvary with bodymass,metabolism
etc.

Theresultof a testis oftena S-shapedcurved(seeFigure7.2)andto geta valuefor
comparisononecalculatefor example}


œš

T , were50 is thepercentageof animalskilled at
aparticularconcentration.

7.3 Budget for a small research department

TheHaskell sourceis listedin 32
As asimpleexampleof spreadsheetprogrammingin Haskell with theextendedarray

library, we givea little costbudgetfor a �ctitious researchgroup.Thecostsarethesalary
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module Budget_ where
import X ar ray
import I x
data Empl oyees = John | Sarah | A l ber t deriving ( Eq , Ord , I x , Show)
sal ar i es = l i st A r r ay ( John , A l ber t ) [ 18000. 0 ,18300. 0, 24900.0 ]

l kp : : Fractional a => a
l kp = 0 . 5

dept_OH : : Fractional a => a
dept_OH = 0. 1
univ_OH : : Fractional a => a
univ_OH = 0. 15

of f i ce_OH : : Fractional a => a
of f i ce_OH = 0. 19
v at : : Fractional a => a
v at = 0. 08
t ab l e = let l = [ sal ar i es ,

l kp
�

sal ar i es ,
dept_OH

�

sal ar i es ,
univ_OH

�

sal ar i es ,
of f i ce_OH

�

sal ar i es ]
in col s2mat r i x ( l + + [ ( sum l ) � v at ] )

per son_cost s = sum ( mat r i x 2col s t ab l e )
cat egor y _cost s = sum ( mat r i x2rows t ab l e )
t o t c ost s = sumA per son_cost s
instance Pord Empl oyees
ni sse = " Hel l o Worki ng c l ass "

Listing 7.2: Haskell sourcecodefor Budget.hs
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Table7.1: Testresult

Day Absorbing
1 -

	

! !

3 -

	

! !

4 -

	

! !

5 -

	

! !

0,0

0,1

0,2

0,3

0,4

0,5

Figure7.2: Thereadingillustratedin agraf. ThecalculatedLD50 is marked.

costsplusanumberof overheads,mostof whicharecalculatedascertainpercentagesof the
salarycost,theVAT howeverasa fractionof thetotal cost(includingtheotheroverheads).
We want to be ableto maintainthe budgetassmoothlyaspossible:the membersin the
groupmight change,new costsmaybechargedthegroup,or theexisting overheadratios
maychange.We wantto calculatethetotal cost,andthecostperperson,but alsothecost
brokendown in differentcategories(departmentoverheadsetc.).

Oursolutionis to putall costsin amatrix,whose�rst dimensionis indexedby atype
with oneconstructorpermember. Thematrix is assembledfrom a numberof vectors,one
percostcategory. To keepoverheadratioseasyto modify they aremadesymbolicthrough
simplede�nitions, which aresimpleto changeif theneedarises.Thede�nitions aregiven
in Listing 32, anda snapshotof the Haxcelscreenis shown in Fig. 7.3. (This snapshot
shows a hypotheticalsituationwherewe wantto play aroundwith theoverheadfactorsin
orderto seetheeffectson thevariouspartsof thebudget. Thus,theeditingwindows for
theoverheadfactorsareopen,aswell asthevaluewindowsfor thecostsin thebudget.)

Note the explicit typing Fractional a => a on the “scalar” numericalvalues
lkp etc. They areusedto scalearrays. Without this typing they would not be lifted to
in�nite arrays,andthescalingwouldn't work. This problemis dueto themonomorphism
restrictionin Haskell's typesystem.
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Figure7.3: Snapshotof theHaxcelscreenfor thebudgetspreadsheet.
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Oursimpleexampledemonstratessomefeaturesthatmightbeusefulwhenprogram-
mingspreadsheetapplications.Ordinaryspreadsheetscanbeheterogenous,andstringsare
oftenput into cells to tell whatnumerical�elds, rows, or columnsmean.In Haskell, one
caninsteadusesimplealgebraicdatatypeslike Employees to createdescriptive index
setsfor arrays.An advantage,besidesthetype-safety, is thatseveralarraysnow canhave
their index setsgivenby the samedatatype. This is a win sinceoneoftenusesdifferent
arraysto describedifferentpropertiesof thesamesetof items(like theemployeesof the
researchgroupin our example). If this setchanges(if, say, we hire morepeople),then,
if thearraysarede�ned in theright way, it will bevery easyto updatethespreadsheetby
simply changingthe datatype declarationandadding/removing input datain the proper
arrays.In theusualspreadsheetmodel,this kind of updatecanbeveryerror-prone.

It is not hardto imaginean interactive mechanismfor de�ning arrays,whereindex
setscanbecreatedandcopiedbetweenarrays,andthecorrespondingdatatypedeclarations
areautomaticallygenerated.
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Chapter 8

Experimental results

Togetagripontheturnaroundtimefor evaluatingspreadsheets,wedidsomesimplebench-
marking. We ran the two examplespresentedhere,Simpleex(Section??) andbudget
(Section7). We measured:thetime to assembletheHaskell �les for compilation,thetime
for hmake/nhc98to compile,the time for thegeneratedprogramto execute,andthe time
to parseanddisplay the results. We ran the exampleson two machines:a Power Mac
G4 with a 400 MHz Power PC G4 processor, 192 MByte RAM, and1 MB cache,under
Mac OSX 10.1.5with thenhc98v. 1.12compiler, anda SunUltra Enterprise4000/5000
with six 167 MHz Sparcprocessors(whereofwe usedone),256 MB RAM and0.5 MB
cacheperprocessor, underSolaris2.6with thenhc98v. 1.14compiler. On thePowerMac
we alsoranbothexampleswith runhugs.Eachexamplewasrun 5 timesfor eachcon�gu-
ration. Theresults(meanvalues)arepresentedin Table8.1. Notethat thedifferenttimes
weremeasuredwith differentresolution,dueto thekind of timing toolswe hadavailable:
the java-speci�cparts(assemble,parse& display)weremeasuredwith resolution ! s, and
thecompilationandexecutionwerebothmeasuredwith resolution-

	

-

! s on theMac and
-

	

! sontheSun,respectively. Thevariationin measuredtimebetweenrunswaslow, except
for themeasurementsof thejava-speci�cpartswherethelow resolutionsometimescaused
jumpsin theobservedtimes.

Not surprisingly, the main time for Haxcelwith hmake/nhc98is spentcompiling.
This yieldsa turnaroundtime of theorder10son our systems.This is not readilyaccept-
ablefor an interactive environment.On theotherhand,bettercompilationtimesmight be
obtainedon otherplatforms: for instance,Wallace[Wal00] claim compilationtimes for
nhc98in theorder1-2 secondsfor medium-sizedmodules,on a PCwith Linux anda 500
MHz pentiumprocessor.

For Haxcelwith runhugsonthePowerMac,weobtainmuchfasterturnaroundtimes,
of theorder1sfor bothexamples.Althoughnot instantaneous,this is amuchmoreaccept-
ableresponsetime.

Most of thedisplaytime for Budget canbeattributedto the�rst run for eachexperi-
ment,whereextra time is spentopeningthevaluewindows. Subsequentrunsmostlyhave
lowerdisplaytimes.
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Simpleex
Assemble Compile Execute Display Total

Mac/runhugs 0.0 N/A 0.60 0.0 0.60
Mac/hmake 0.0 5.44 0.06 0.0 5.50
Sun 0.2 7.4 0.0 0.0 8.2

Budget
Assemble Compile Execute Display Total

Mac/runhugs 0.0 N/A 0.79 0.4 1.19
Mac/hmake 0.0 7.37 0.29 0.4 8.06
Sun 0.2 10.3 0.7 0.4 11.6

Table8.1: Measurementsfor Simpleex andBudget , in seconds.
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Chapter 9

Conclusions

We have designedHaxcel, a compiler-independentspreadsheetinterfacefor Haskell pro-
gramming,andpresentedthe accompanying extendedarray library Xarray . Together,
they demonstratewhatahigh-level programmingenvironmentcanlook like,which canbe
usedbothfor conventionalHaskell programmingandfor spreadsheetcalculations.Wealso
think Haxcelovercomessomeof the problemswith the conventionalspreadsheetmodel,
andit extendscurrentspreadsheetlanguagesto thefull powerof Haskell.

Do wethink thatHaskell is agoodlanguagefor spreadsheetcalculations?Yes,prob-
ably for someonewhohasagoodgraspof modernfunctionalprogramming.But wedonot
think Haskell in its currentform is theperfectspreadsheetlanguage.Spreadsheetcalcula-
tionsarebestexpressedin anarraymodel,andwhile quitea few arraylanguageprimitives
canbe reasonablywell embeddedin Haskell we have alsofound someannoying limita-
tions. For instance,the ability to overloadnumericalliterals as in�nite constantarrays,
but having to provide explicit typeannotationsfor variablesde�ned to have thevaluesof
theseliterals, is a safebet for tripping spreadsheetprogrammersnot well acquaintedwith
Haskell's type system. Furthermore,Haskell was designedwith lists ratherthan arrays
in mind: thus,all the “good” operatorsandfunctionnamesarealreadytaken for list op-
erations.This makesthe languagelessintuitive for array-orientedexpressions.Someof
theseproblemscouldpossiblybealleviatedby providing a “simple spreadsheetmode” to
Haxcel,whereassumptionsaboutdatatypesaremadeandexplicit type declarationsare
automaticallygenerated,but this featureremainsto beaddedandevaluated.

9.1 Futur ework

We now hasa prototypethatwe have usedfor conductingsometestandhave foundsome
topics that needsto be improved and further developed. Clearly, many featurescan be
addedto Haxcel.

Thecurrentturnaroundtimesfor smallexamplesareannoying for hmake/nhc98but
acceptablewhenusingrunhugs.If still fasterturnaroundtimesareneeded,thenonecould
adda modewherehugsrunsin a parallelthreadratherthanbeinginvokedin batchmode.
If this is still not enough,thenonecould make a moreelaboratedependency analysisto
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recalculateandupdateonly thosevaluesthat have changedsincethe last evaluation. We
believeall thesefeatureswouldbefairly straightforwardto implement.

9.1.1 Better error handling

Thecurrentlackof errorhandlingin Haxcelis notsatisfactory. Also, thelackof knowledge
abouttypesis a limitation. As mentionedearlier, a possiblesolutionis to addmodesto
Haxcelwhereit interfacesmorecloselyto certaincompilers.However, this complication
could be avoidedif therewerestandardprotocolsfor Haskell compilersto communicate
type informationand error messages.Suchprotocolscould then also be usedby other
Haskell tools.Also, if parsersin Haskell compilerscouldbeusedascomponentstoproduce
parsedcodein somestandardformat,thentoolslikeHaxcelcouldtakeadvantageof them.
TheproposedHaskell ExecutionPlatform[SMG• 99] hasaddressedsomeof theseissues,
but wedon't know to whichextentit hasmaterialized.

9.1.2 Editing in the spreadsheet-view

Bettermeansto de�ne arraysinteractively would be nice for spreadsheetprogrammers:
currently, they canbede�ned only throughtextualHaskell expressions.

9.1.3 Mor eGUI-functionality

The Edit-menulack of someitem usually found here. It could be a good idea to make
Haxcelmore”user friendly” andimplementmenudrivencopy, cut andpastecommands.
Anothermissingcommandin theEdit-menuis Undo/Redo.

Bettergraphicalsupportto displaydatastructureslike lists is desirable,aswell asthe
possibilityto link cellsto externalviewersor players,andanability to importdatafrom the
outsideandconvert into suitableHaskell values.Thesimpletextual input of declarations
couldbeenhancedinto amorevisualprogrammingenvironment.

It maybeagoodideato excludethenameof theHaskell declarationfrom theeditable
�eld of adeclaration.A bene�t from thiswouldbethatrenamingwouldbemoreconsistent.

We hadthoughtsaboutimplementingfunctionality for showing a onedimensional
arrayin horizontalor verticalview. We still thinksthat this couldbea goodideabut have
not implementedthefunctionalitythoughwehave implementedthecontrolsfor this in the
settingsview for avaluewindow.

9.1.4 Literate scripts

It would not be dif�cult to implementsupportfor literatescripts(seeSection??). One
thoughtaboutliterate�les wehavediscussedis makingthehax-�le to literatescript,mak-
ing it easierto convertHaskell modulesto Haxcel.
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9.1.5 Import of a existingHaskell module

Haxceltodaysupportexport of Haskell-modules,in otherwordscreatinga regular .hs -
�le for useindependentlyfrom Haxcel. It would be nice to be ableto go the otherway,
importinganexistingHaskell-moduleto Haxcel,thishasnotbeenimplementeddueto lack
of time.

9.1.6 Higher dimensionsarrays and other structur ed data types

We discussedin the designof Haxceldifferentwaysto display3-D arraysan otherdata
structureslike treesandlist. Due to lack of time we decidedto only implementarraysof
oneandtwo dimensions.
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Appendix A

De�ntions

A.1 Words

To relsolveany ambiguitiesthissectiondealswith de�nitions of words.

SpreadsheetA spreadsheetcontainscellswhichisordedin rowsandcolumns. In aspread-
sheetit' spossibleto edit �gures andtablesandperformcomplex calculations.

Cell A cell possessesthreeelements;value, formatandformula.

Row and column

Value

Format

Formula

Worksheet sameasspreadsheet

Workbook acollectionof spreadsheets.
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