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Abstract

Thespreadshegiaradignoffersafastinteractve loop, wheretheeffectsof updatego def-
initions anddataareimmediatelyvisible. This makesthe paradigmattractve for program
developmentwhererede nitions canbeimmediatelytestedandthe resultsdisplayed.We
have designeda simple,compilerindependerspreadsheenterfaceto Haslell, wherecells
hostHaslell de nitions. Spreadsheetarealsousedfor high-level array calculations.In

orderto meetthat demandwe presentan extendedarray library for Haslell, which pro-
videsa numberof typical array-languagéacilities. Together the interfaceandthe array
library provide aninteractve ervironmentthatcanbeusedbothfor developmenbf general
Haslell codeandfor array-orientegpreadsheetalculations.
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Chapter 1

Intr oduction

Thisis thereportfor my Magisterekamert project. Theprojectwassupervisedy professor
Bjorn Lisperwhoalsois theheadof theresearclgroupthatl have hadthepleasuref being
a part of during my masteryearin computersciencé, at the Departmentof Computer
Science(IDtat MalardalenUniversity.

The projecthadno externalfunding but wassupportedvith of ce spacegquipment
andtoolshy IDt.

1.1 De nition

Theprojectwasto designandimplementa spreadsheeénterfaceto thefunctionalprogram-
ming (FP)languageHaslell [PH99]. The projecthadtwo mainpurposes:

1. Provide a ervironmentwith a strongandimmediatefeedbackio Haslell program-
mers.

2. Provide a soundandpotentiallyvery powerful spreadshedanguageo spreadsheet
programmers.

The purposeof this interfacewasto investigataf Haslell in a spreadsheedrvironmentis
a goodidea. In discussionsve madethe following demanddor the software: the soft-
wareshouldbeworking on multiple platforms,andthe softwareshouldbe independenof
Haslell implementations.

1.2 Motivation

Spreadsheetrewidely usedin dayto daybusinessandoftenprovide aef cient wayto do
calculations A spreadsheas a setof cellswhich arereferencedy it' s positionin a row-
columnmatrix. Spreadsheetwere usedbeforethe computererawith extensve manual

1The Swedishequivalentof amasterdegree.
2seehttp://www.idt.mdh.se/magistefor moreinformationon the masteryear
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recalculationsdut hasnow becomeone of the mostusedcomputerapplicationsin both
scienceandadministration.

Thespreadshedtasprovento beavery powerful environmentto visualizecomputed
dataandthe immediatefeedbackmakesthe spreadshegiaradigmattractive for program
development.However, the currentspreadsheemplementationsvailable on the market
hasmary dravbackswhenit comesto computing. We want to provide a powerful visu-
alizationtool for the spreadsheetandHaslell programmer Commonspreadsheetsolve
mary problemsandit’'s well-known that modernspreadsheetare well suitedfor ad-hoc
businessiecisionamakingand nancial modeling.Nevertheleshasthe programmingan-
guagesommunity historically, beenvery cold oppositethe spreadsheehetaphor[Y C94].
This was probablythe resultof the aws in early implementationof spreadsheetppli-
cations. More recentwork hasshaown that the paradigmis becominga interesting eld
of researchandwe wantto shav anotherapproacho how to work with spreadsheetas
avisual aid. Seesection2.2 for our encounteredlisadantagesn commonspreadsheet
applications.

A spreadsheés$ agoodexampleof simplefunctionalprogrammingln aspreadsheet
thefocusis on whatis to be computednot howit shouldbe computed.A cell's valueis
speci ed or computedwithout the needof specifyingfor examplein which orderthe cells
shouldbe updated But why arethe programmindanguagesindervironmentsn common
spreadsheetpplicationssoclumsy?The questiorhasbeenraisedby othersbeforeus. We
have anideathattakingtheadwantage®f alazy, poly morphiclanguagecouldimprove the
spreadshegiaradigm.

1.3 Overview

The projectconsistof threeparts,namelythe java applicationHaxce| the Haslell library
Xarray andaHaslell compiler

1.3.1 Haxcel

Haxcelis the nameof the prototypethatwe have designecandimplementedn this project.
Theinterfacemakesit possibleto createor updateHaslell declarationsandimmediately
view theresult.

1.3.2 Xarray

We presenta extensionto the Array library, Xarray, thathave featuresotherwisefoundin
languagedik e Fortran90. Thelibrary canbe usedindependentlyf the Haxcelinterface.
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1.3.3 Haskell

Haslell [PH99]is agenerapurposepurelyfunctionalprogrammindanguageA function-
all programmindanguageprovidesa simpleprogrammingnodelin thatthereis onevalue
computedtheresult,dependantf othervalues theinputs. We think Haslell canprovide
anpowerful programmindanguageo spreadshegirogrammershatneedsmorefunction-
ality thanwhatis provided by commonspreadsheetoftware. We choseHaslell sincethat
it is a stronglanguagen general,andsinceit is relatively easyto de ne domain-speci ¢
sublanguagewithin it.

1.4 Spreadsheets

Spreadsheetystemsarevery popular They are usedfor small calculations but alsofor
seriousapplicationprogrammingn areadik e scienceandadministrationwhenthereis a
needto perform calculationswherefast and visually comprehensiblédeedbackis more
importantthan computationalspeed. A big reasonfor the popularity is the very tight
de nition-eval-displayloop, wherethe effects of a rede nition of an entity areimmedi-
ately seen. This makes the spreadshegbaradigmattractve, comparedwith traditional
compiledlanguagesvherethe compile-e&val-print loop is considerablymoretediousand
whereresultsareharderto presenin away thata humancangraspquickly.

Spreadsheewsupportanarray-orientestyle of computing.Sectionsof spreadsheets
canbe selectedand collective operationdike summationcan be appliedto these. This
makesit corvenientto expressmary calculations Without doubt,partof the popularityof
spreadsheetsanbeattributedto this. Thespreadshedanguagesirealsotypically without
side-efects. This providesa simpleandintuitive evaluationmodel.

However, the commonspreadsheesystemshave weaknesses.The languagesare
typically very restricted:for instance recursionis invariably not allowed, andonly a few
basicdatatypesareusuallysupported.This andothercommonweaknessearediscussed
in Section2.2.

1.5 Roadmap

This reportis outlinedasfollows: In Chapter2 we give a shortintroductionto the spread-
sheetparadigm.InChapter3 we introducethe FP languageHaslell andgive referenceso
furtherreadingon this subject. Thelibrary Xarrayis presentedn Chapter4. In Chapters
we describethe designand implementationof the project. The chaptershat follows is
(Chapterss, 7, 8) relatedwork, examplesand experimentalresultsThe reportis nished
by a conclusionanda sectionof futurework in Chapter.

This reportis typesetin IATEX usingTeXShop[Alg0]. Graphsanddiagramss cre-
atedin OmniGrafe [Omn03.



Chapter 2

Spreadsheets

A spreadsheas typically a 2-D arrayof cellsusedto visualizea setof interrelatedvalues.
A typical exampleof a spreadsheas illustratedin Figure 2.1. Eachcell is addressedly a
2-D coordinateandits valueis representeeitherby a formulaor a constant.If aformula
is usedit's de ned by referringto othercells or built-in functionsfor gettingvaluesfrom
externalsourcedik e databaseor otherspreadsheetsn Figure2.1 cell E4is markedand
thevalueis visible in theedit eld in thetop. In this casethe valueof thecell is aformula
de ned with referenceso thevaluesin cell D4 andD2.

By doingthesede nitions anddeclarationsn a spreadsheehe userhasconstructed
a smallapplicationalthoughthe commonuserof spreadsheetseldomreferto the spread-
sheetsaasapplications.Thismaybeoneof thefactorsbehindthe succes®f thespreadsheet
paradigmtheuserdon't needtraditionalprogramminggskills to startbuilding applications
in aspreadsheet.

®ee mesa.mesa

Save Inspectors Formulas Reports Charts

’ Sheet 1 !

0|0

3
El

|=(D4- D2)/D4"100

Serie |Start End Growth Decrease

1|0.0070E+ 0.25 089

2|0.0070E+ 0.22 0.86 -3.98
3| 0.0070E+ 0.17. 0.79
4|0.0070E+ | 0.0540E+ 0.51 -75.01
5|0.0070E+ 0.0120E+ 0.13| -5B3.371BE+
6|0.0070E+ | 0.0060E+ | -0.0385E+ | 2419.5167E+
7|0.0070E+  0.0050E+|-0.0841E+ 1162.6585E+

™
L

Figure2.1: An exampleof a spreadsheeatindow,
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The spreadsheadrafor computersdatesbackto May 1979whenDan Bricklin and
Bob Frankstonintroducedthe application\VisiCalc [BF99] for Apple Il andchangedhe
way to do calculationson a desktopcomputer Before spreadsheetpplicationswerein-
troduced,manualspreadsheetsere commonin calculationbut requiredmassve manual
recalculationsvhensomedatawere changed.Todaythe de facto standardn spreadsheet
applicationss Microsoft's Excel, hereaftereferredto asExcel. Excelis of coursemuch
more competentand hasmorefunctionality thanits ancestoNisiCalc, but is basicallyin
the sameparadigmwherethe spreadsheatpresents 2D areawereyou canstoreyour
dataand have calculationsmadebasedon formulas. The paradigmhasa rigid indexing
schemewhererows areindexedwith lettersandcolumnswith numbers SeeSection5.2.2
for adiscussioronindex schemes.

Within this paradigmherehave beenandaremary differentspreadsheetpplications
thattogetherwith Excel de ne a standardunctionality andhow to usespreadsheetslo
supplemeniExcelwe have speci cally looked someotherspreadsheetsrogram they are
Mesafrom P & L Software[P&L01] aspreadshegirogramRagTime Solofrom RagTime
GmbH[ALO1], aprogramthatcombinesvord processingindspreadsheetork.

2.1 Traditional spreadsheetpplications

The commonknowledgeof spreadsheetsver the yearscanbe tracked aswhat hasbeen
the generic*name” for this paradigm.Startingwith Visicalc, this domainof applications
hasbeencalled“visicalc”, “lotus” afterLotusspreadsheetpplicationLotus1-2-3andnow
“excel” after Microsoft's application.

In an article in the January/Februarg002issueof Scienti c ComputingWorld F.
Grant[Gra02]looksbeyond Excelto testwhatalternatvesthereare. GrantdisseciCorel's
QuattroPro 10 [QUA] andInsightsful's S-Plus6 [SPL] amongothers.We have compared
Excelwith Mesafrom P & L Software [P&L01] a spreadshegtirogram,RagTime Solo
from RagTime GmbH[ALO1], a programthatcombinesvord processingandspreadsheet
work. All thisdifferentsoftwaresharesomecommonsetbacks for instancehey doagood
job asdatacontainers simple organizers,visualizersbut if you wantto do more heavy
analyticsof datathey are not strongenough. Grantwrites in [Gra02] "Excels statistical
functions,for example,work well in their naturalof ce habitatbut arenotthe mostrobust
or reliablewhenpushedo thelimit”.

2.1.1 Excel

Excel is the dragonof the market. Microsoft hasmanagedo make this to a standard
application,and every other applicationon the spreadsheenarket hasto be somevhat
compatiblewith Excel, andis judgedby Excel. Excelwas rst releasedn 1985for Ap-
ple Macintoshandwasoneof the rst spreadsheedpplicationsto offer a graphicaluser
interface.

In Excelyou do your work in spreadsheetsr worksheetsas Microsoft prefersto
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8e0e untitled =

Save Inspectors Formulas Reports  Charts
’ Sheet 1 l

Figure2.2: An exampleof acommonspreadsheeatindow

say organizedin workbooks. Worksheetsonsistsof a table of cells, wherethe rows of
cells is enumeratedrom 1 andthe columnsis indexed by letters, startingwith A. This
style of referencingcells, Al-systemwas rst introducedby Lotus 1-2-3 andis now the
standardvay. Earlier spreadsheewsftenaddressedellsby a R1Ctsystem.As described
above a cell caneitherhold a formula or a constantvalue. In eithercasest's the value
thatis shawvn in thecell. A cellsvaluecanbe displayedin differentwayshbut thereis no
type checking.For exampletheinteger123456is displayas2241-01-04f viewedasdate-
formatand00.00if thecell is formatedto shav time-format.If avalueof acell beginswith

thenExcelregardsthevalueasaformulaandtriesto evaluatetheformula. If theformula
is correctthe evaluatedvalueis shawvn, otherwisea errortext is written in the cell. Excel
distinguishbetweerthefollowing cell contentsnumberstext, logical value,formula,error
valueandmatrix.

A workbookcontainsof a collectionof worksheet@indgraphssavedin thesamele.

Formulasin Excel

Formulasin Excel can solve mathematicakalculations,comparevaluesor concatenate
strings. Formulasconsistsof a text-string wherethereresultis an assignment. A for-
mulabeginswith a assigncharacter , followedby operandghatformsanequation.The
operandsreseparatedby calculationoperandsTherea four differenttypesof calculation
operands,

1. Mathematicabperandsfor instance

2. Logical operands.

3. Text operandihe &-sign concatenatetext.

6



4. Referenceperatoycanbe usedfor referencingecellsor cell ranges.Besideshaving
referenceso cellsin the sameworksheetit' salsopossibleto have referenceso cells
in otherworksheetandto cellsin otherworkbooks.

For instancethe =E6 assignsthe value of cell E6 in the currentworksheetto the
currentcell. Thevalueis calculateceitherimmediatelyor whenarecalculatecommands
executed.Excel providesa large setof prede nedfunctionsthat helpsbuilding formulas
but onecannotde ne own functionsto beincludedin formulas.The prede nedformulas
providesfor examplestatisticalfunctionsandlogical functions.

Macrosin Excel

Excelprovidesa macrolanguagevhereonecande ne functionality to be executedwhen
triggeredby usercontrolledeventsfor examplepressinga keyboardcombination.Thelan-
guagsds Visual Basicfor Applications Macroshelpstheuserto dosequencesf commands
thatarerepeateaftenin amoreeasyway. Themacrosarestoredin VisualBasicmodules.
Macroscannot beincludedin formulas,andshouldbe regardedasproceduresnorethan
functions.

Circular references

A circularreferencas whenonecreatea relationshipbetweertwo cellswith formulasthat
dependntheothercell'svalue.For exampleif cell  hastheformula asvalue
and hasthevalue onehascreatedacircularreferenceExcelcannotevaluate
cellsthathave circular referenceandwarnsthe userby shaving a dialog, seeFigure2.3
andalsohave a”Circular Referencesoolbar” thathelpsoneto remove circularreferences.

( G Microsoft Excel cannot calculate a formula.

L]
l_—— Cell references in the formula refer to the formula's result,
@ o\ creating a circular reference. Try one of the following:

» If you accidentally created the circular reference, click
OK. This will display the Circular Reference toolbar and
help for using it to correct your formula.

« To continue leaving the formula as it is, click Cancel.

( cancel ) oK)

Figure2.3: Circularreferencavarning.Microsoft Excel.

2.1.2 Mesa

P&L Software hasa spreadsheedpplicationcalledMesa[?, P&L01]. Although Mesais
atraditionalspreadshegirogram,availablefor Apple's Mac OS X, it makessomethings
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differentfrom Excel. | particularMesausesa Mac OS X corventioncalledInspectordo
achieve mary results.An Inspectoret you view andchangepropertiedik e size,fontsand
formatsof the currentelementfor exampleacell, achartor areport.

Mesacanwork with spreadsheetsith up to 99999rows (indexesfrom 1 to 99999)
andcolumnslabeledfrom A to XFDAA. Eachcell hasa valueandformattinginformation.
Mesahasthree datatypes: numbers,stringsand error  The value of a cell is eithera
numerical-or a string constant,or a formula. A formula can changesomeformatting
informationon a cell dependingf thevalueof theformula. A formulacanreferto avalue
in acell duringcalculation.Whenwriting formulasMesalet onechosebetweerexcelstyle
or Lotusstyleformula.

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

Codereuse

Mesahasprovidedtwo functionsto enhanceodereuse NEXT() andSAME(). By using
themyou only needto changea formulausedin mary cellsin the original cell insteadof
usingthe "copy+paste”-methodFor exampleif you wantthe sameformulaasin the cell

onewrite B . Theproblemwith codereuses moregenerallydiscussedh
Section2.2.3

Cell Addresses

Mesauseshedefactostandard -systemfor referencingells.
SomeMesafunctionstake a cell addressastheir agument.In mostMesafunctions,
whenoneenterghe addres®f a cell asanargument thefunctionusegshe contentsof that
cell astheagument.In afew functions,however, the functionis looking for information
aboutthe cell itself. This is the casefor functionsthat ask speci cally for a cell address
as an agument. An exampleof a function that takes a cell addressasits agumentis
the function ISEMPTY, which checksto seeif the cell at a givenaddresss empty For
example, returns if cell  hasary contentor otherwise.

Naming ranges

In Mesait's possibleto namea rangeof cells, for instanceif one namesthe cellsin the
rangefrom cell to cell Rangel thenthe two formulas

and would give the sameresult. This givesthe useran option of more
suitablenameson datarangesvhenbuilding formulas. The namingof rangess donewith
theLabellnspector

2.1.3 Ragtime

Ragtime[?, ALO1], from RagTime GmbH,is oddchild of in the spreadshedamily, com-
bining aword processoandspreadsheetsyou could saythatthis applicationfocuseson

8



A B C D E F G
| 1] Salary Other $
2 |Alan 17000 9 speed strength
3 |Bob 44000 99 THX99 47 95
4 |Dave 23000 999 AGP 512 173
5 MPH 70 0
A B C D E F G
| 1] Salary Other $
2 |Alan 17000 9 speed strength
3 |Bob 44000 99 THX99 47 95
4 |Charlie 19000 9999
5 |Dave 23000 999 AGP 512 173
6 MPH 70 0

Figure2.4: Interferencédetweertableswheninsertingarow for “Charlie” in the rst table.

the printedresult. The functionality of the spreadshegpartis of the commontype, but
thereis functionalitywe wish to mentionasgoodexamples.

Unions aresinglelarge cellscreatedrom rangesof cells. It' s usefulwhencreatinglarger
containerdor examplepictures.

3D planes In Ragtimea spreadshees$ de ned asa planewith rows andcolumns,sowhat
they have doneis enabledmultiple planesin a spreadsheett' s possibleto do selec-
tionsin a 3D rangeof stacledspreadsheets.

2.2 Problemswith commonspreadsheetpplications?

In our work with spreadsheetse have encountereghroblemswith commonspreadsheets
programthatmakesthemmoreor lessclumsyasapplicationdevelopingervironments.We
herepresenencounteregroblems.

2.2.1 Rangeupdate problem.

A problemis that the “tabular” and “de nitional” usesof coordinatessometimesclash.
“Takular” useof spreadsheetsan,for instance requirethat rows or columnareinserted
in orderto updatea tablethatis embeddedomevherein the spreadsheetrea. This will

offset a numberof de nitions, so they now are associatedvith newv coordinates.Even
though most spreadsheetsan updatereferencedo coordinatesn de nitions automati-
cally, to compensatéor this, it providesa burdenfor the programmeto keeptrack of the
changinghamef de ned entities.Someentitieslik e rangesaretypically notupdatedand
operationon arangewill be performedover wrong rangeatfter the update. Worsestill is
thatinsertionor deletionof rows or columns,in orderto updateoneembeddedable,can
interferewith othertablesor de nitions thatjusthapperto sharethesamerows or columns,
seeFig. 2.4.In suchasituation,a tediousre-editingof the spreadsheeatanbe necessary
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2.2.2 Hard to do simple data manipulations.

It' shardto implementmanipulation®versequencesr datarangesFormulasfor suchma-
nipulationsoftenrequireformulaswhichinvolverelatve addressingpr writing spreadsheet
macros.

2.2.3 Codereuseand function de nitions.

Formulascan seldombe reusedbesidesby copying the formulainto differentcells. It
reducesintegrity becausat's dif cult to tell whena formula hasbeenoverwritten with
a value. Anotherproblemis that copingformulasinto cells hindersthe developmentof
spreadsheetpplicationdecausdt is dif cult to extendexisting applications.

Another relatedproblem,obsenedalsoin [CB97, dHRVE9Y, occurswhenspread-
sheetde nitions arecopiedbetweercells. Very often,the copying is doneto implementa
similar computatioron, say a differentrow of atablethanthe original one. A corvenient
treatmentof coordinatesn the de nition is thento let them “move”, so they have the
samepositionsrelative to the new coordinateof the copiedde nition. Therefore spread-
sheetgendto have this behaior asdefault. But sometime®newould lik e to keepcoordi-
nates‘absolute”,sothey don't move but referto the sameentity beforeandaftercopying.
Spreadsheeatystemdik e Excel provide a syntaxthatletsthe programmeroverridethe de-
fault behaior, but the ambiguityof “copying semantics'is still a sourceof mary bugsin
spreadshegirogramming.

A solutionto the problemsmentionedabove is to createa clearseparatiorbetween
the useof spreadsheet® de ne entitiesand promptly visualizethe results,andthe use
of spreadsheef®r takular calculations.Cells canbe givengenerainamegatherthanjust
coordinatesandone canhave a separateell for eachnamebinding. Arrays canbe used
for takular data. A changeo theindex rangefor onearray for instanceto addor deletea
row or column,will thennotaffectotherarrays.If theformulalanguagas sufciently rich
in arraycomputingprimitives,for instanceo specifya similar computatiorbeingrepeated
over arangeof array sectionsthentherewill belessneedto copy andpastede nitions.
Haxcelwasdesignedo provide a solutionof this kind.

2.2.4 No local variables

Thelack of local variablesn formulascanleadto unwieldy constructsin normalspread-
sheetwork the work-aroundfor this is to put temporaryvaluesin the global cell space
andapply "not-visible" or hide formatsto this cell. This leadsto spreadsheetwith bad
layoutandunsafebehaior. Onecould arguethatthis could leadto uncontrolledmemory
usebut spreadshedtasstaticformulaswith a staticnumberof variablessothis is nottrue.

Ontheotherhandalanguageavithoutlocal variablescanbevery limiting whenconstruct-
ing morecomplex algorithmsandspreadshedanguagesvith local variablescouldleadto

saferspreadsheets.
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2.2.5 Limited number of data types

Commonspreadsheetgmsaverylimited setof datatypes.For instanceRagTime, presented
in Section2.1.3,hassevendifferentdatatypes: empty number text, multi-line text, date,
time-spanand error code. This basicdatatypesrestrainsthe ability to implementmore
comple structures.By usinga languagewith possibilitiesof a more complex datatype
one could usespreadsheetfor visualizationof for instancetreesor lists. Spreadsheets
couldalsobene t from a moretype safelanguage.

2.2.6 Norecursionin languages

A languagevhereit' simpossibleto createanalgorithmwitch includesary loop-construct,
for instancerecursions classi ed asnot Turing-completeThisis arestraintthatexcludes
mary algorithms.For instanceafter collectingvaluesfrom anexperimentit couldbe con-

venientto useiterative algorithmfor estimatingresults.
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Chapter 3
Haskell

Haslell is a polymorphictyped,lazy, purelyfunctionalprogramminganguage .Thework
on Haslell startedin the late 80sandthe currentversionis describedn the Haslell Re-
port [PH99] commonlyknown asHaslell 98. The languageis namedafter Haslell B.
Currywhowasoneof thepioneersof  -calculus.

3.1 The functional programming languageHaskell

In a functional programminglanguagethe programmerconcentrateon the relationships
betweenvaluesand functionsare the centralcomponenfor accomplishvalues. Values
are groupedtogetherin types,suchas numbers. The basetypesin Haslell is Int and
Float for numbersBool for booleansandcharactersChar . Fromthis baseof types,
typescanbe built astuple-, list- andfunctiontypes. Haslell also providesthe ability to
de ne new typesusingalgebraic andabstracttypemechanismtypeclassesandtypeclass
instances.Haslell is a polymorphictypedlanguage.Polymorphismmeansmary forms
andcombinedwith Haslell asa stronglytypedlanguagehis enhanceshe re-usabilityof
functions. A typeis polymorphicif it containstype variables. Oneimportantfeaturein
Haslell is higherorder functions This meanghatfunctionscanbe a parameteto another
function, returnedby functionsor storedin datastructures.Haslell evaluatesexpressions
with lazy evaluation which imply thatonly partsof structureswvhich are neededwill be
examined.A functionalprogramascript, is madeup of aseriesof de nitions of functions.
A Haslell de nition is a nameassociatedvith a value of a given type. De nitions is
groupednto modules

3.1.1 Compilers and interpreters

Therearefour differentHaslell compilers/interpretergghc, nhc, hbc and Hugs) that all

arefruits of researchof their creatorsandthey all have avorsthatis suitedfor different
things. We didn't wantto restrictour softwareto just oneof all these a vors but wanted
to provide atool thatcanbe usedwith differentcompilers.This is a trade-of to whatwe

12



module Max2 where

max2 returns the largest of two integers
max2 :: Int > Int > Int
max2 X y
=if x >=vy then x else vy

Listing 3.1: Exampleof asimpleHaslell module.

couldhave doneif we hadbeenworking tightly to only oneexisting compileror doingour
own compiler
As mentionedabove therearefour differentHaslell compilers:

ghc Thiscompiler Glasgav Haslell Compiler writtenin Haslell is afull implementation
of Haslell 98. Thereis aninteractve ervironmentcalled GHCi andalsoa number
of experimentalanguagegxtensiondor exampleconcurreng andexceptions.The
teambehindGHC hastwo maintargetsfor GHC, rstly applicationswriterswhere
GHC provides an platform for software development. Secondlyimplementorsof
Haslell relatedtoolswhereGHC canprovide anervironmentfor differentcomputer
sciencaesearclprojects.GHC is developedat the University of Glasgav.

nhc or nhc98aimsto producesmallexecutablesnhc98providessomedehuggingabilities
thatis notprovidedby ary otherHaslell compiler Thenhc98compileris distributed
by York FunctionalProgrammingGroupandthey have alsoimplementechi anin-
teractve developmenternvironmentfor Haslell andhmale a batchcompilationtool.
Thistoolsaredescribedn depthin section3.2.

hbc andhbiis basedona LML compiler This compilerandinterpretersupportsHaslell
98, but the systemseemdo languishandit's web pageshasnot beenupdatedfor
sometime. Thehbc/hbisystemis developedat ChalmersTechnicalUniversity.

Hugs is a Haslell interpretemwrittenin C. It hasfastcompilationandcombinedwith the
cornvenientinterpreterprovidesa gooddevelopmentsystem.Hugs98is availablefor
all Unix platformsandWindows. Hugsis describednorein section3.3.

3.1.2 Ordinary script and literate script

In Haslell onede ne scriptswith declarationsin modules A simplemoduleMax2
with onedeclaratiorof afunctionmax2 is shavnin Listing 3.1.

In Haslell its possibleto write two differentstylesof scripts. The rst typeis the
"ordinary” type,which Listing 7 is sampleof 3.2. Theotherkind is calledliterate script
In a ordinary scripteverythingin the le is interpretedas programtext, exceptwhereit
is explicitly indicatedthat somethings a comment.In a literate scriptit's the otherway
around everythingin the le is commentaryext if notspeci edexplicitly asprogramtext.

13



This is an example of a literate script.
> module Max2 where

max2 returns the largest of two integers

> max2 . Int > Int > Int
> max2 x y
> =if x >=y then x else vy

Listing 3.2: Exampleof a Literatescript.

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

We have chosemotimplementedunctionalityfor literatescriptsin Haxcel,the mo-
tivationis thatwe wantedto focuson the main functionality of spreadsheetd/e discuss
literatescriptsfurtherin thefuturework sectionon page48.

3.2 hmakeand hi

One of the mostusedapplicationsin Unix programdevelopmentis the utility program
malke, wereonede nesfor examplescompiledependenciesf sourceles andmalke takes
careof recompilingwhennecessaryhmale providesthis functionalityto the Haslell pro-
grammer hmale givesus control of differentmodules,compiledor not. By specifyinga
import-declarationhmale makessurethatit' s the latestversionis beingused,andthis is
the choicemadein transforminga moduleto working programsee 5.2.4.

The implementatiorof hi — hmale interactiveasdescribedn [Wal00] by Wallace
hasbeena sourcefor thoughton making a interactve ervironmentto a non-interactre
compiler

3.3 Hugsand runhugs

Theabovelistedenvironmentss compilers Hugsis insteada interpreter Hugsis probably
themostusedHaslell ervironment,andis availablefor almostevery computeiplatform. It
hasaveryfastcompilerandhasfeaturedik e incrementatompilation. Thetradeoff made
is thatHugsrun-timeperformanceant competewith realcompilersiike GHC andHBC.

3.3.1 runhugs

The commandrunhugsprovides the possibility to make standalone programsthat uses
Hugs. It is therefor possibleto write Unix-scriptsthe will beinterpretedby runhugs.For
instancea "Hello World" programcould look like in Listing 3.3. runhugshasshavn to
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#!/usr/local /bin/runhugs +|I

> module Main where
> main = putStr "Hello,_ World\n"

Listing 3.3: Exampleof ashellscriptusingrunhugs.

have very shortturn-around-timethe time spentfrom runningthe commandto shaving
theresult.
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Chapter 4

XArray

THIS TEXT IS NOT FINAL

Lisperdescribesn [LM02] anextensionto the Array library.

Xarray is anarraylibrary for Haslell 98 thatcanbe usedindependentlfrom Hax-
cel. It providessomearrayoperationgnormallyfoundin arraylanguagedik e Fortran90.
Besidesheingbackwardscompatiblewith Haslell's standardarrays,a numberof features
are supported:"elementwisantrinsics" overloadingfor arithmeticoperationsautomatic
promotionof numericalconstantsnto arraysof appropriatesize,anumberof arrayprojec-
tion operationsandfolds, andsomefunctionfor composingmatricesout of lists of vectors
andvice versa.

The extendedarraysprovided by the Xarray library is are essentiallya simpli ed
versionof the data elds [Lis98] of DataField Haslell. In Listing 28 we list the major
new operationsandtype declarations.

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

Basicfeaturesof Xarray:

OrdinaryHaslell arrayor in nite array An in nte arrayis anfunctiontogethemith
aparticularboundUniverse

Computingboundsof arrayswith functionsjoin and meet, illustratedin Fig-
ure4.l.

meet join

Figure4.1l: meet andjoin onarray(matrix) bounds.
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Scalablearraysis providedthroughthetype of the extendedarray

Operationver sparsearraysis solvedby de ning Maybe a asaninstancaf Num
andFractional whenais aninstanceof thecorrespondinglass.

ElementwiseconditionalifA FORLKLARA MER

Restrictionoperationsat andwhen

projectionoperations
Dimensionperationsmakesmatricesout of vectorsandsplitsmatricesnto vectors

fold opratiosover arrays
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data (Ix a) => Array a b = Arr (A.Array a b) | Inf (a >Db)
deriving 0
data Bounds a = B (a,a) | Universe deriving Eq

meet :: Pord a => Bounds a > Bounds a > Bounds a

join :: Pord a => Bounds a > Bounds a > Bounds a
inBounds :: Ix a => Bounds a > a > Bool

mkarray :: Ix a => Bounds a > (a >Db) > Array a b
finarray :: Ix a=> (a,a) > (a >b) > Array a b
infarray :: Ix a=> (a >Db) > Array a b

at :: (Ix a, Pord a) => Array a b > (a,a) > Array a b
when :: Ix a=> (a >Bool) > Array ab >b > Array a b
proj_xx :: (Ix a, Ix b) => Array (b,a) ¢ >b >a >c

proj_1x :: (Ix a, Ix b) => Array (b,a) ¢ >a > Array b ¢

proj_21 :: (Ix a, Ix b) => Array (b,a) ¢ > Array (a,b) c

...(etc)...

ifA :: (Ix a, Pord a) => (a >Bool) > Array a b > Array alb
>b > Array a b

cols2matrix :: Ix a => [Array a b] > Array (a,Int ) b
rows2matrix :: Ix a => [Array a b] > Array (Int ,a) b
matrix2rows :: (Ix a, Ix b) => Array (b,a) ¢ > [Array a c]
matrix2cols :: (Ix a, Ix b) => Array (b,a) ¢ > [Array b c]
foldlA :: Ix a=> (b >c >b) >b >Array ac >0b

foldiIM :: Ix a=> (b >c¢c >b) >b > Array a (Maybe ¢c) >|b
...(etc)...

Listing 4.1: Selecteddeclarationsand de ned functions of the extendedarray library.
(Haslell's usualArray moduleis importedquali ed asA. Pord is a partial orderclass
with operationg)lb , lub , andlt usedbyjoin andmeet.)
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Chapter 5

Haxcel

This chapteris structuredasfollows. First we make a walk throughthe softwareshaving
featuresandintroducingsomethoughts. Next we presentthe designof the software and
nally writesabouttheimplementation.

5.1 The application Haxcel

We madethe choiceto useto geta platformindependenapplication.We have focusedon
to make the software a effective prototypefor investigatingif Haslell could be usedin a
spreadsheeatrvironmentandit shouldbe easyto use. The softwareis distributedasa -jar
le, which make the softwareeasyto install. We do not provide a Haslell back-endsee
Chapter3 for references.

ece Haxcel

File  Edit Module Declarations

Declarations in module:

© Eval £ Value  Edit

Console output:

Figure5.1: Themainwindow of Haxcel.
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5.1.1 Userinterface and editing

Haxcelhasa main window that represent Haslell module,seeFigure5.1. The main
window containsa menubartwo elds andthreebuttons. The upper eld containsa list
of the declarationsn the currentmodule. This list is of courseempty from start. The
lower eld is a consoleareawere error messagess displayed. For instanceif thereis
a compile error the softwarewill notify the userby a dialog andthe userwill nd more
informationon the error on the console. The threebuttonsare Eval, Value andEdit. The
Eval-button startsthe eval-loopdescribedelon. Whenthe evaluationis doneonecanuse
the Value-luttonto shav thevalueof thedeclaration All editingof declarationss donein
the Edit-window, displayedvhenoneclick the Edit-button. The Edit- andthe Value-tutton
requiresa selecteddeclaratiorto be highlighted,andthe Eval-buttonrequiresthatthereis
anactive module.

The menus

Themenubahasfour menus:File, Edit, ModuleandDeclarations File andEditis defacto
standardo have in a graphicaluserinterfaceandonecanhere nd the usualmenuitems
like New, Open,Closeetc. We have not implementedany menudriven cut and pastebut
relieson the keyboardequialentsthatis suppliedwith Swing. They shortcutss platform
dependentior instancecopy is CommandC onMacOSX andctrl -conotherplatforms,
soausercantake comfortin previousknowledge.

Thechoicesof onthe Nen-menuis asfollows:

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

Open Bringsupopen- le dialogfor theuserto locateandopenapreviously savedmodule.
Menushortcutis ctrl  -O.

Close Closeghecurrentmodule.Active only if thereis anopenednodule.Menushortcut
isctrl  -W.

Save Usedfor saving the currentmodulein HAX-format. Menushortcutis ctrl ~ -S.

Save As... Whenone wantsto save the currentfor the rst time or wantto save it as
anothemodule.

Export For exportingthecurrentmoduleasanHaslell- le. SeeSection5.1.2below.
(Import) NotimplementedSeefuturework in Section9.1.5.

Quit For acontrolledterminationof the software.Menushortcutis ctrl  -Q.

IMac OS X usersusesthe Commandkey instead,but from hereon we, to simplify reading,only write
ctrl
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Usuallyonein the Edit-menu nd itemslike itemsUndo, Copy, Cut andPaste.We
have chosento not includethemin this prototype,seethe future work section(Section
9.1). Thechoicesof onthe Edit-menuis asfollows:

Selectcompiler Hereonechoseto usehmale or runhugsasHaslell back-end.

Compiler ags... Bringsup dialog whereon specify optionsto the compiler SeeSec-
tion 5.1.2below.

The choicesof on the Modulemenuis Compile andEval. Eval is the equivalentof
the button Eval, and Compile canbe usedfor syntaxcheckingwhenhmale is chosenas
back-end.

Thechoicesof onthe Declarationsmenuis asfollows:

New declaration The submenucontainsall the type of declarationghat canbe created
in Haxcel. Whenone of themis selecteda dialog for namethe new declarationis
displayed After thenamehasbeenspeci edtheedit-windav for thenew declaration
opens.

Rename To renamehedeclaratiorcurrentlyselectedn thedeclaratiorlist.

Delete DeletegheselectedleclarationseeSection5.1.2.

5.1.2 Description of sometasks

In this sectionwe give a morein depthexplanationof somespecialfeaturesn Haxcel

Changing preferences

Haxcelmalesits easyfor the userto changeheHaslell compileror compiling optionsto
beused.In theEdit menuthereis achoicefor preferenceandtheonly customizatioravail-
ableis changinghecompilecommand.The syntaxfor the optionsis the syntaxfor hmale
(seeSection3.2). The default optionis -nhc98which speci esthatthe nhc98compileris
used.

The speci ed optionsis sared in the preferencele for Haxcel. This le is saved
in two differentway accordingto which operatingsystembeing used. If the software
is runningon Mac OS X the le "Haxcel Prefs" is saved in the userspreferenceolder
( /Library/PreferencesOnary otherUnix systenthe le ".haxcelpefs"is saved
in the usershomedirectory The le is a plain text le with the speci ed options. It's
possibleto editthe le in atext editor An exampleof a preferencele is in Figure5.2
shav how to specifythe nhc98-compileandthatmoduledependencieshouldbe printed.
If the optionsaddedto the compilecommandgeneratesutputit's written in the console
areain the main window of the software. SeeSection5.3.2for further information on
compiling.

Furtherpreferencesvould demanda morecomple le format.
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|-nhc98  -M |

Figureb.2: Exampleof speci ed optionssavedin the preferencele

Deleteand renameof a declaration

It's possibleremove a declarationandit's also possibleto renamea declaration. When
renamingadeclarationt' simportantto renamehedeclaratiorin theHaslell code.Thisis
a bit awkwardbut we have a solutionfor this in the futurework section seepage48.

Export of amodule

It' spossibleo exportacompletemodulefrom Haxcelto acommonHaslell le thatcanbe
usedindependentlfrom Haxcel. The useris freeto choosenamefor theexported le and
whereto save the le. It'snotpossibleto importaHaslell moduleto Haxcel,althoughthis
would be a nice thing, insteadwe have keptthe syntaxof a Haxcel le fairly simpleand
it' spossibleto corvertaHaslell le to thehaxformatby hand.For furtherinformationon
thehaxformatseeSection5.2.3.

5.1.3 The Edit window

eco f

(2] show result.

fx | oddx = Foo
| even x = Fum

Figure5.3: Theeditwindow.

Theeditwindow consistsimplyof atext eld for theHaslell sourceandacheckbox.
The checkboxhasthe importantfunction of telling Haxcelwhetherto show the valuefor
this declarationor not. An exampleis in Figure5.3. The positionanddimensionof the
window is savedbetweersessiongn themodule le.

5.1.4 The Value window

The gures 5.4and5.5shavsthetwo differentwaysof shaving acomputedralueof adec-
larationwhentheresultis of aarraydatatype. Onecanchangehedisplaytypeby choosing
in thesettingsview of thevaluewindow, asdisplayedn Figure5.6. Thedimmedradiokut-
tonsfor changingbetweenhorizontalor vertical view of a arrayis notimplementedsee
futurework in Section9.1.3. Thecontentsn acell is formatedautomaticallyby the users
operatingsystensettings.This couldbe someavhatconfusingto experienceHaslell users
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eoco a

Figure5.4: Thisis anexampleof the Array view of a Array type.

(606 a

(1,3) [(1,Fo0),(2,Fum),(3,Foo)]

Figure5.5: Thisis anexampleof thenormalview of a Array type.

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

Whenacomputedralueis notaarraythevaluewindow is slightly different,shaving
justthevalueandthereis no settingsview for this kind of data.

Whensaring a modulethe speci cationsof thevaluewindowsis savedto.

5.2 Design

Thetaskof the projecthada very soft descriptionandasmentionedn the De nition on
pagel the maintaskcouldbe summarizedo investigatevhetherHaslell in a spreadsheet
environmentis a goodidea. Sowhenwe startedto discussthe designof the projectwe
formedsomedesigngoalsfor the software. This is discussedurtherin Section5.2.1.

6oce a

Figureb.6: Thesettingsview of avaluewindow.
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5.2.1 Designgoals

Whendiscussinghe designof Haxcelwe formedthreemaingoals.

Multi-windo w spreadsheetsOnespreadsheethouldnotbea single2-D areaasin Excel
but rathera collectionof windows, one perde ned entity in the module. Thisis as
farwe know a new way to look at spreadsheet$Ve shouldalso nd adifferentway
toindex andaddressellsin a spreadsheet.

Componenti cation by makingHaxcelindependentrom existing Haslell compilers.We
didn't wantto betightly boundto a singleHaslell environment,insteadwe wanted
to provide atool thatcouldbea partof ary Haslell programmergnvironment.

Platform independencethroughandotherstandarccomponentsvailableon mary plat-
forms.

Besidethis threemain goals,Haxcelshouldprovide functionality to createHaslell
modulesanddeclaration.Althoug it's possibleto work with multiple modules,Haxcelis
restriktedto have only oneactive module. Eachdeclaratiorshouldhave it's own window
and we decidedto give the userthe reposnibilty of decidingwethera declationsvalue
shouldbe shavn or not. The useris therefor responsibleof not shawving a in nte data
structureasHaxel doesnothandeln te reulsts.OntheotherhandHaxceldoesnotrestrict
theuseof in nite structures.

Platform independence

Thethird goalwasto provide platformindependencwith maintargetat SolarisandMac

OS X. We decidedto usefor implementingthe front end of Haxcel. Jasa was touted
to be a platform independentanguagebut hasshavn to be the different. We therefor
decidedto only useStandardlava 2 componentse.g Swing [Sun02a]. Another standard
componentve decidedo usewasXML [XML02, HMO01], andby choosingSunsstandard
XML packaggdSunO2c]thatnow is a partof Java 2 v.1.4[Sun02f we have stickedto the

ideaof standarccomponents.

For thebackendof Haxcelwe areusinghmale (seefurtherdiscussionn Section3.2)
witch lettheuserchooseHaslell compiler Themajorbene tsof thisarethecon gurability
andthatit's a part of the nhc98[NHCO02] distribution of Haslell. This approachs very

e xible but have a majordrawvbacktoo, the useof a compilermakestheturn-aroundime,
seeChaptesB, ratherlongandmakesHaxcelratheruselesgor interactvity use.We wanted
to speedup thisandaddedachoicefor anotheback-end Thedistribution of theinterpreter
Hugs98(see&Section3.3) hasacommandine versionof theinterpretercalledrunhugs By
usingrunhugswve reducethetheturn-aroundime allot andgetalmostinstantfeedbacksee
ChapterB for benchmark$rom our experiments.
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Figure5.7: An exampleof the commonindex scheme.

5.2.2 A more exible indexing scheme

Commonspreadsheetsave a rigid index schemefor indexing, often a sheets rows are
enumeratedby integers( ) andcolumnsby letters( ). This
way of indexing is effectivein relatively smallspreadsheetaut it doesnot sayarything of
the contentsof a cell, for instancethe cell denotedA4 cancontainaninteger, a stringor a
sound.An exampleof the commonindex schemas shown in Figure5.7, hererepresented
by Microsoft's Excel(seeSection2.1.1).

RatherthanusingExcelsandothersrigid indexing schemewhererows areindexed
with lettersand columnswith numbers,ary subrangeof an Ix datatype canbe used
to index ary dimension. This gives someinterestingpossibilities: for instance,one can
createown enumeratediatatypeswherethe namesof the elementsare descriptve: this
cansometime®liminatethe needto put rows with text cellsinto thespreadsheet.

Anotheradwantagewith self de ned Ix datatypeis thatit makesthe spreadsheets
moretypesafe,for instanceat makesit impossibleto addtwo arraysof differentix -types.

Cell addressing

In commonspreadsheetthere can be ambiguitiesin how a cell is addressediepending
onif it'sthe cellsvaluethatis addressear its reference.An exampleof this is givenin
Section2.1.2werein Mesathe functionISEMPTY() takesthe addressasamgumentand
notits value.
MesaalsoimplementsafunctionSAMEBhatalsotakesaaddresssamgumentanduses
thatcellsformula. If theformulahasreferenceso othercellsthey arechangedccording
to the positionbetweerthetwo original cells. For example,illustratedin Figure5.8,if cell
containsthe formula andcell  containsthe formula the
effectiveformulain  is . If oneinsteadde ne theformulain  as
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thevalueof would bethesameas . If onenow de ne as there
will beanerror.

Sheet 1 |
=1B853+1
1
4 L]

Figure5.8: Cell addressing.

By usingHaslell we avoid pitfalls lik e this andcombinedwith Xarray andin par
ticularIx datatypesonegeta moretypesafespreadsheet.

5.2.3 HAX Format

Whenwe discussechow to save dataour choicefell on XML as an naturalchoice for
specifyingtheinternalformatof Haxcel les. With XML it's possibleto usestandardava
classedor parsingof XML so therewasno needfor implementinga XML parser The
hax-formatis speci edin very simple XML syntax,andcould probablybe moreeffective
by usingthe DTD standardseeSection5.6 for furtherdiscussioron XML. We decidedo
keepit simpledueto thatit's notthe maintargetof the project.

Whenthe hax- le is parsedit hasto be analyzedandwe de ned the grammarfor
the hax-formatas describedn Figure5.9. A simple exampleof a hax- le is shavn in
Listing 5.1.

5.2.4 Program Generation

In generabhHaslell programis semanticallycompleteaccordingo theHaslell Reporf PH99]
whenit is compiled,but the reporthasnot de ned a precisemeaningto individual state-
mentsasWallacementionsin [Wal00]. We facethe sameproblemsasWallacein making
our work semanticallycorrect,but we do not needto evaluateindividual expressionsn a
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<?xml version="1.0" encoding="'utf 8 ?>
<modul e>
<modid name="Simpleex" />
<declarations>
<declaration deftype="import">
<windowdata ewrect="225,199,98,69"
ewvisible="1"
/>
<haskell haskellname="Array" valuetype="">
<![CDATA[ import Array]]>
</ haskell>
</declaration>
<declaration deftype="eq">
<windowdata ewrect="119,109,165,94"
ewvisible="1"
vwrect="0,0,0,0"
vwvisible="1"
/>
<haskell haskellname="n" valuetype="">
<I[CDATA[n = 3]]>
</ haskell>
</declaration>
<declaration deftype="data">
(... etc ...)
</declaration>
</declarations>
</ module>

Listing 5.1: Haslell sourcecodefor Simplee.hs
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<l-- 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 the HAX format. Describedn Section5.2.3

arbitraryorder Insteadthe orderis boundby which declarationghe usermarksasexpres-
sionsto be evaluatedat execution. This meansthat all bindingsare checled at compile
time andthe scopeof declarationsgnustbe correct,otherwiseno executionis doneandthe
useris noti ed throughcompileerrors.

Whengeneratinghe programfrom the declarationgnadewe have taken into con-
siderationtwo differentstandardcases.The rst is whenthe userhascreatedon module
ModuleM.hs  asdescribedn Figure5.10.In this casesachdeclaratiorthatis markedto
shaow its calculatedvalueis considered expressiorandincludedin thedeclaratiorof main
in Main.hs . Theotherstandarccaseis whenthe de ned moduleis namedMain.hs as
describedn Figure5.11. If thisis the casethe declaredmodulewill be renamedn the
programgeneratiorphaseto avoid a con ict with the Main.hs thatwill be createdby
Haxcel. The differentstepsof the programgenerationphaseis describedbelow. First
describedvith hmale astheback-end.

1. Build haslell le from module.This stepgenerates haslell sourcele basednthe
declarationsnadein the mainwindow. All declarationghatthe userhasde nedin
this moduleareincluded. The moduleis alwaysrenamedy addinga underscorén
front of thename.Thisis becauseve don't wantto remove ary exportedmodulesn
the cleaningup step.

2. Build Main module. All declarationsare searchedo seeif the userhasmarked
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module ModuleM where

ModuleM !mport
) import
Import _
import :

: import
import

module Main where
import  ModuleM
main = print

Figure5.10: Programconstructioncasel

oneor moredeclarationgo be shavn. This declarationsaretreatedas expressions
to be computedandareincludedin the Main declarationthatis to executedby the
executionsteplateron.

3. Compilewith hmale. SeealsoSection5.3.2.

4. ExecutetheMain le thatis theresultof the previousstep this stepandthefollowing
is describedn moredetailsin Section5.2.5.

5. Parsethe outputfrom previousstep.
6. Cleanupthatisremoveary le usedor createdn theabove mentionedsteps.
Whenrunhugsis choserthe stepsareasfollows.

1. Build Haslell le from module. This stepgenerates Haslell source le basedon
thedeclarationsnadein themainwindow. All declarationghatthe userhasde ned
in this moduleareincluded. The moduleis alwaysrenamedy addinga underscore
in front of thename.Thisis becauseve don't wantto remove ary exportedmodules
in thecleaningup step.

2. Build Main module. All declarationsare searchedo seeif the userhasmarked
oneor moredeclarationgo be shovn. This declarationsaretreatedasexpressions
to be computedandareincludedin the Main declaratiornthatis to executedby the
executionsteplateron.
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module Main' where

ot
import _ P
import :

) import
import

module Main where
import  Main'
main = print

Figure5.11: Programconstructioncase?

3. Startrunhugswith Main.hsasinput le. SeealsoSection5.3.2.
4. Parsethe outputfrom previousstep.

5. Cleanupthatisremove ary le usedor createdn theabove mentionedsteps.

5.2.5 Executionof Main

Theresultof the compilingis a executablele namedMain. This le is executedandthe
outputfrom the le is parsedoy Haxcel. We chooseto rely on the Haslell classShowfor

the outputdata. This meansthat one canimplementdatastructurethat derivesthis class
andHaxcelvill beableto shav them.

Format of output

The outputfrom the executionis readby Haxceland parsedaccordingto the grammar
in Figure5.12. The outputis createdby a print statemenin the main declarationthat
is createdn the programgeneratiorphase.In discussionsve talked aboutusinga more
comple format, for instanceusing XML for taggingthe outputstreambut we decidedto

keepthe syntaxvery simpleandstraightforward.
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%\[

%

%

%

%

%

% FIXA SNYGGAREGRAMMATIK
%

% stream -> OUTPUTdata
%

% data -> : id : result NEWLINE data
% | e

%

% result -> ARRAYdim value

% | NUM

% | other

%

% dim ->( dimstring )

% dimstring > x1, y1 ), ( x2, y2)
% | x , vy

% value ->[ celldata , hextcell ]
%

% nextcell -> celldata , hextcell

% | e

% celldata -> ( cell , data )

% other ->< < STRING > >

% STRING -> chardata

%)\] 31

Figure5.12: Grammarfor analyzingthe outputfrom Main



5.3 Implementation

5.3.1 Problemsto solve

Besidesscommondesignissuesve have de ned thefollowing mainproblems.
Userinterface generawindow thingslike adding,modifyingandremoving declarations.
Interface betweenJavaapplicationandcompiler especiallyhow errorsarehandled.

Structured data like list(possiblein nite), treesandarraysneedso be handledanddis-
played.

5.3.2 Compiling

The nal build commands a concatinatiorof the threestringscompilecommand="hmak
", options="-nhc98"and main=" Main", all speci edin the HXPrefsclass. The options
string can be changed,see 5.1.2 above, but the othertwo is not userchangeblat 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 hadto restrictthe prototypeto only handlearrays. The
Haslell classArray dervesthe Showclassand when printedthe resultcanbe described
in agrammar Thegrammairin Figure5.12is usedto formally describehow we parsethe
datastreamfrom the execution. In Figure5.13we shov an exampleof an arraythathas
four cells. Thecellsis enumeratedrom 1 to 4. Thedimensiorstringis eitheratuplewhen
thearrayhasonedimensionor a pair of tupleswhenthe arrayhastwo dimensionjn other
wordsa matrix or table. We have notimplementechigherdimesionarraysdueto lack of
time(seeSection9.1.6).

5.3.4 Parsing numbers

For interpretatiorof numbersve useJava's constructorgor differentnumericaldatatypes.
BasicallyNUM , in Figure5.12is rst assumedo be of class oat, althoughusingthe
NumberBrmatExceptionwe catchother formats, for example numberin the form of a
rationaf. If the Number®rmatExceptioris thrown by the constructorfor Float we treat

2Thehaslell library Ratiogenerat®utputnumbersn theform of rationalesfor example  is shavn as
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NUM asa instanceof String class. If the Float constructoris successfulwe compare
the integer value of NUM andthe oat value. If the valuesis equalwe insteadusethe
Integer classto hold the numericalvalueof NUM . Whendisplayinginstance®f the java
classed-loat and Integer the numbersis displayedaccordingto the settingsof the users
internationalpreferences.

5.3.5 Execution

Figure5.14: The FSM for parsingoutputfrom the execution

5.4 Implementation details
The software is developedon a Apple Paver MacintoshG4 running Mac OS X using

ApplesProjectBuilder[Com0O1l]andBareBonesBBEdit[BBS0J asdevelopmenterviron-
ment. The software hasbeentestedsuccessfullyon Linux and Solarisbut doesnot work
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on Microsoft Windows. The softwarerequiresJava, hmale anda Haslell compileror in-
terpreterandshouldbe working on alot of differentoperatingsystems Seetable5.1for a
completetableof requirementandwereto gettherequiredsoftware.

5.5 Java

The Object-orientedprogramminglanguageJava from Sunwastoutedto be a platform
independentanguage This wasappealingo usaswe wantedto provide a platforminde-
pendentool andJavawaschoserastheimplementatiorplatform.

5.6 XML

XML is an markuplanguagehatis derived from SGML. The acrorym standsfor Exten-
sible Markup Languageandwasdesignedor large-scaleelectronicpublishing. XML has
becomea defactostandardn text-dataformats.

We chooseXML on the basisof thatit's easyto encapsulatetherlanguagesnside
a markuplanguagewhich meantthatwe didn't needto inventour own formatfor storing
information. The XML-format is relatively easyto readby humansandeasyto implement
parserdor.

5.7 Working ernvironment

Thetable 5.1showvsthesoftwareusedandneededo make Haxcelwork. As faraswe now,
Haxcelworkswith currentversionsof thelisted software.
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Table5.1: Versiontableof usedsoftware

Product Provider Description

hmale Version:3.05(2002-06-13)

ghc Glasgav Haslell Compiler Version
5.00.2,for Haslell 98, compiledby
GHC version5.00

nhc98 v1.14(2002-06-13)

hugs& runhugs Decembef001

ProjectBuilder | Apple Versionl.1.1(Decembe2001De-
veloperTools)

Java Suné& 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)

Java XML Sun JavaXML PackSpring02dev Bun-

dle
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Chapter 6

Relatedworks

When studyingrelatedworks to our projectsthey canbe divided into two major groups,
Haslell relatedandspreadsheetlated.

6.1 Haskell related

6.1.1 Haskell editors
VITAL

Relatedvork, dubdrkollain "VITAL" av KeithHanna(http://www.cs.ukc.ac.uk/people/stdkh/Vital/inde
Dettaar verkligen"related"i hbgstagrad!

hIDE

hIDE [Sve02]is a GUI-basedHaslell IDE written using gtk+hswritten by JonasSvens-
son. It doesnot include an editor but insteadinterfaceswith NEdit, vim or GNU emacs.
Swensonlist someof its features;Module tree,Basic CVS support,Extractionof TODO
style commentdrom code,Creationof callgraphd(if graphvizis installed),Find wherea
functionis used,Find functionsandmodulesby nameandtype.

Our projecthasasmaintargetthe resultof the executedprogramandhow the com-
puteddatais presentedavhile hIDEsmainfocusis the programthatis to be computed.

6.1.2 Haskell compilersan interpreters

Onemaydiscussf Haxcelis somewhatainterpreterandnot only a visualizationtool and
editor. Althoughwe usetherunhugsor hmale asback-endnterpreter/compileHaxcelhas
to behaelike aninterpreterto somedegree.

hi - hmale interactive- Compileror Interpreterby Malcom Wallace[Wal00]. This
articledescribeghe designof hi, ainteractve front-endto hmale. hi is written in Haslell.
Thereporthasa gooddiscussioron differencedetweerncompilersaninterpretershmale
wasour rst chosefor back-endvhenwe startedto designHaxcel
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hugsis perhapshemostusedinterpreterfor Haslell, andwe have choserrunhuggo
be oneof our back-end$o Haxcel

ThelnteractiveLazyML by LennartAugustssorfAug93]. This article describeshe
designandimplementatiorof interactiveLML, which hasa Haslell front-end.It' s alsothe
foundationfor hbi theinteractve systemto hbc

6.2 Spreadsheets

In the pasttherehave beensomeprojectslik e oursthat tries to improve the spreadsheet
paradigmwith a more powerful language.In Section6.3.2we presentedsomeof them.
AmongothersFunSheepresenteih [dHRVE95]hastakenslightly differentapproachhan
we but have the sameideaof alazy, purelyfunctionalprogrammindanguagewitch is not
aspecialdedicatedspreadshedanguage.

Another approachin this domainis the work presentedn [CB97]. Although we
have not found any newer work in this project, Clack and Brainework hascorvincedus
thatwe areontheright trackin our approachThey proposespreadsheethatincorporate
functionalprogrammindgeaturedik e higherorderfunctions,a strongtype systemcurried
partialapplicationsreferentiatransparencandlazy evaluation.

A third proposalin the spreadsheeparadigmis the Mini-SP-languagepresented
in [YC94]. YoderandCohnherepresenta dedicatedspreadshedanguageandhereby
differsfrom usandthe above presentedvork. YoderandCohnsummarizesheir research
in [YC97] with thede nition of a Generalisé&Spreadshedilodel.

6.3 Other approacheso spreadsheets

Therehave beenmary approachewwardthespreadshegirogrammingparadigm.Spread-
sheetdhasbeenbasedn logic, constrainsfunctionalandobject-orientedhinking.

6.3.1 Logic and constrain basedspreadsheets

W. Du andW. Wagswritesin [DW90] abouttheirapproachio have a 3D spreadshedtased
on Intensionallogict. Thebene tsof this approachaccordingo thewriters, shouldbe:

... thatit considergshewholespreadshedt beasingleentitythatvariesin
threedimensions— two spatialandonetemporal. The spreadshees denoted
by asinglevariable thatyou canusein expressiongustlik e ary othervariable.

Anotherlogic paradigmapproachwasdoneby M. Spenke andC. Beilkenin PER-
PLEX They shav in [SB8Y thepossibilitiesn combininglogic programmingvith spread-
sheets,using programming-by-gamplesto de ne userde ned predicates. Formulasin

lintensionalogic is concernedvith assertionsndotherexpressionsvheremeaningdepend®n implicit
context.

37



PERPLEXare not on form of functionalsbut are given as constraints. The emphasisn
PERPLEXwasto build ageneraprogrammingool anddiffersin thatway, amongothers,
to anotherconstrainbasedapproactyivenby M. Stadelmanin [Sta93]weretheemphasis
is on a powerful calculationtool. One of the main bene ts of usingconstraingnsteadof
formulasis thata constrainactslik e a true equationthat canbe solved for any unknown
cell.

6.3.2 Functional Spreadsheets

The functionalprogrammingapproacho spreadsheetsasbeena usedbeforeus,among
othersis is FunSheetlescribedn [dHRVE9] andthe paper[CB97] whereC. Clack and
L. Braindedescribeghe designof a object-orientedunctionalspreadsheetThe latter is
written within the CLOVER project see[BC96] for details. The functional part of the
presentedlesignincludeshigh-orderfunctionsandlazy evaluation. Although they have
a object-orientedapproachthe FP part is essentialand they presentthe grammarfor a
functionalspreadsheatery detailed.

de Hoondescribeghe designandimplementatiorof FunSheeta functionalspread-
sheet,n the article[dHRVE95]. FunSheetisesa purely functionalhigherorderlanguage
to allow the userto describespreadsheetsomputations. The languageis a Clean-like,
untypedfunctionallanguageIn FunSheegevery columnis treatedasfunctions,witch is a
gooddesignmodel,but we think thatthis givescolumnsa higherimportancehancolumns
andwe wantto useHaslell's way of de ne datatypesasindexes,bothfor columnsand
rows.

YoderandCohnpresenin [YC94] a spreadshedanguagecalledMini-SP. They de-
ne this functionalprogramminganguageo be structuredconcurrentandscalable.The
languagas to bearesponséo thebadlanguages commonspreadsheetndis ainterac-
tive anddeclaratve approachthatthe spreadsheetsring to the array programmingarena.
The Mini-SP languagausesideasfrom More's arraytheoryand APL. In commonspread-
sheetst's possibleto have absoluteand relatve addressingo cell references.Mini-SP
preseresrelative addressingout absoluteis default, relatve addressings donethrough
pre xing with a“+” or “-”. Cellscanbe groupedinto rectangulablocksandthenrepre-
sentinga arraywitch of coursecanbeatleasttwo-dimensional.
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Chapter 7

Examples

We will in this chaptergive threeexamplesof how Haslell canbe usedandwe will also
presensomebenchmarkesults. We think thatthesethreeexamplesshavs the bene t of
usingHaslell asa spreadshegirogramminganguage.

The rst exampleis arealsimpleexampledescribinghe Haslell syntaxof arrayand
how Haxcelvisualizea array

The secondexampleis an examplethat shavs how it's possibleto write a function
with localvariablesandrecursiorfor estimatingacurve data. Theexampleis from erviron-
mentalsciencebut it shouldbe obviousthatcomputationsvith Haslell anda spreadsheet
visualizationof testresultsandcalculatedvaluescanbe usedin ary disciplinewith need
for aadvancedmathematics.

Thethird andlastexamplemake useof XArray andis a smallbudget-application.

7.1 An simple example

Firstaverysimpleexamplewhichassignyaluesto arrayof lengthspeci edby thevariable
. Whentheindex of the arrayis odd the valueassigneds Foo if theindex is eventhe
valueis Fum Thesourcecodeis listedin 8.
In Figure7.1all windows associateavith Simplee is displayedandparticularlythe
view of Array is shavedin spreadshedorm.

module Simpleex where

import  Array standard Haskell array library
n =3

data Fee = Foo | Fum deriving Show

f x | odd x = Foo

| even x = Fum
a = array (1,n) [(i,f i)] i < [1..n]]

Listing 7.1: Haslell sourcecodefor Simplee.hs
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Figure7.1: Thewindows associatedavith the rst exampleSimplee.

7.2 An application for ervironmentalscience:Toxicity Rat-
Ings

INTE FARDIGT TABBELLEN AR BARA EN DUMMY GRAFAR EN DUMMY

This is an examplefrom ervironmentalsciencewere spreadsheetsften is usedto
handlemeasuredaluesfrom differenttests.After thetestis doneseveralvaluesarecalcu-
latedfrom the giventestresults,usingnumericalmethods We herepresentain exampleof
calculating usingXXX. The examplehasbeensupervisedy AnnaKejler, Environ-
mentalEngineer

Onecommonway to measuringoxicity is to make a dose/responseurve out of a
testpopulationwhich areexposedor achemical.A corvenientway of describeoxicity of
achemicalis to determinethe doseto which 50 percentof the testpopulationis sensitve.
Therearea numberof termsin regularusein the studyof toxic effectsfor examplelethal
concentration (LC) meaninga concentratiorof a poisoncausingdeath,or sufcient to
causeit, by directaction. The sensitvity of a organismvary with bodymassmetabolism
etc.

Theresultof atestis oftena S-shapedurved (seeFigure7.2) andto geta valuefor
comparisoronecalculatefor example , were50is thepercentagef animalskilled at
aparticularconcentration.

7.3 Budgetfor asmall reseach department
TheHaslell sources listedin 32
As asimpleexampleof spreadshegirogrammingn Haslell with theextendedarray

library, we give a little costbudgetfor a ctitious researchgroup. The costsarethe salary
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module Budget_ where
import  Xarray

import  IX

data Employees = John | Sarah | Albert deriving (Eq,Ord, Ix,Show)
salaries = listArray (John,Albert) [18000.0,18300.0,24900.0]

lkp :: Fractional a=>a

lkp = 0.5

dept OH :: Fractional a=>a

dept OH = 0.1

univ_OH :: Fractional a=>a

univ_.OH = 0.15

office_ OH :: Fractional a=> a
office. OH = 0.19

vat :: Fractional a=>a

vat = 0.08

table = let | = [salaries,

Ilkp salaries,
dept OH salaries,
univ_OH salaries,
office. OH salaries]
in cols2matrix (I ++ [(sum |) vat])
person_costs = sum ( matrix2cols table)
category_costs = sum (matrix2rows table)
totcosts = sumA person_costs
instance Pord Employees
nisse = "Hello_Working_class"

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

Day | Absorbing

a s~ wek

0,5

0,4

0,3

0,2

0,1

O’O 1 1 1 J

Figure7.2: Thereadingillustratedin a graf. Thecalculated_D50 is marked.

costgplusanumberof overheadsmostof whicharecalculatedascertainpercentagesf the
salarycost,the VAT howeverasa fractionof thetotal cost(includingthe otheroverheads).
We wantto be ableto maintainthe budgetas smoothlyas possible:the membersn the
groupmight changenew costsmay be chagedthe group,or the existing overheadatios
may change .We wantto calculatethe total cost,andthe costperperson but alsothe cost
brokendown in differentcategories(departmenbverhead®tc.).

Our solutionis to putall costsin amatrix,whose rst dimensionis indexedby atype
with oneconstructopermember The matrix is assembledrom a numberof vectors,one
percostcateyory. To keepoverheadatioseasyto modify they aremadesymbolicthrough
simplede nitions, which aresimpleto changef theneedarises.Thede nitions aregiven
in Listing 32, anda shapshobf the Haxcelscreenis shovn in Fig. 7.3. (This snapshot
shaws a hypotheticakituationwherewe wantto play aroundwith the overheadactorsin
orderto seethe effectson the variouspartsof the budget. Thus,the editing windows for
theoverheadactorsareopen,aswell asthevaluewindows for the costsin thebudget.)

Note the explicit typing Fractional a => a onthe*“scalar’ numericalvalues
Ikp etc. They areusedto scalearrays. Without this typing they would not be lifted to
in nite arrays,andthe scalingwouldn't work. This problemis dueto the monomorphism
restrictionin Haslell'stypesystem.
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Figure7.3: Snapshobf the Haxcelscreerfor the budgetspreadsheet.
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Our simpleexampledemonstratesomefeatureghatmightbeusefulwhenprogram-
ming spreadsheetpplications Ordinaryspreadsheetsanbeheterogenousndstringsare
oftenputinto cellsto tell whatnumerical elds, rows, or columnsmean.In Haslell, one
caninsteadusesimplealgebraicdatatypeslike Employees to createdescriptve index
setsfor arrays.An advantage pesideghe type-safetyis thatseveralarraysnow canhave
theirindex setsgiven by the samedatatype. This is a win sinceone often usesdifferent
arraysto describedifferentpropertiesof the samesetof items(like the employeesof the
researchgroupin our example). If this setchangeqif, say we hire more people),then,
if thearraysarede ned in theright way; it will bevery easyto updatethe spreadshediy
simply changingthe datatype declarationand adding/remaing input datain the proper
arrays.In theusualspreadsheehodel,this kind of updatecanbevery errorprone.

It is not hardto imagineaninteractve mechanisnfor de ning arrays,whereindex
setscanbecreatecandcopiedbetweerarrays andthecorrespondinglatatypedeclarations
areautomaticallygenerated.

44



Chapter 8

Experimental results

To getagrip ontheturnaroundime for evaluatingspreadsheetsje did somesimplebench-
marking. We ran the two examplespresentechere, Simple&(Section??) and budget
(Section7). We measuredthetime to assemblehe Haslell les for compilation,thetime
for hmale/nhc98to compile,thetime for the generategprogramto execute,andthe time
to parseanddisplay the results. We ran the exampleson two machines:a Paver Mac
G4 with a 400 MHz Power PC G4 processqrl92 MByte RAM, and1 MB cache,under
Mac OS X 10.1.5with thenhc98v. 1.12compiler anda SunUltra Enterprise4000/5000
with six 167 MHz Sparcprocessorgwhereofwe usedone),256 MB RAM and0.5 MB
cacheperprocessqrunderSolaris2.6 with thenhc98v. 1.14compiler Onthe Pover Mac
we alsoranbothexampleswith runhugs.Eachexamplewasrun 5 timesfor eachcon gu-
ration. Theresults(meanvalues)are presentedn Table8.1. Note thatthe differenttimes
weremeasuredavith differentresolution,dueto the kind of timing toolswe hadavailable:
thejava-speci c parts(assembleparse& display)weremeasureavith resolution s, and
the compilationand executionwere both measuredvith resolution s onthe Mac and

sontheSun,respectiely. Thevariationin measuredime betweerrunswaslow, except
for themeasurementsf thejava-speci c partswherethelow resolutionsometimegaused
jumpsin theobseredtimes.

Not surprisingly the main time for Haxcelwith hmake/nhc98is spentcompiling.
Thisyieldsaturnaroundime of the order10son our systems.This is not readily accept-
ablefor aninteractve ervironment. On the otherhand,bettercompilationtimesmight be
obtainedon other platforms: for instance Wallace[Wal0( claim compilationtimes for
nhc98in the order1-2 secondgor medium-sizednodules,on a PCwith Linux anda 500
MHz pentiumprocessar

For Haxcelwith runhugsonthe Ponver Mac, we obtainmuchfasterturnaroundimes,
of theorderlsfor bothexamples Althoughnotinstantaneoushisis amuchmoreaccept
ableresponsdime.

Most of the displaytime for Budget canbe attributedto the rst runfor eachexperi-
ment,whereextratime is spentopeningthe valuewindows. Subsequentunsmostly have
lower displaytimes.
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Simpleex

Assemble| Compile | Execute | Display | Total
Mackunhugs | 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/iunhugs | 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: Measurementr Simpleex andBudget , in seconds.
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Chapter 9

Conclusions

We have designedHaxce| a compilerindependenspreadsheenterfacefor Haslell pro-
gramming,and presentedhe accompaying extendedarray library Xarray . Together
they demonstratevhata high-level programmingenvironmentcanlook lik e, which canbe
usedbothfor corventionalHaslell programmingandfor spreadsheetalculations We also
think Haxcelovercomessomeof the problemswith the corventionalspreadsheenodel,
andit extendscurrentspreadshedanguageso thefull power of Haslell.

Do we think thatHaslell is agoodlanguagdor spreadsheeatalculations?/es,prob-
ably for someonevho hasagoodgraspof modernfunctionalprogramming But we do not
think Haslell in its currentform is the perfectspreadshednguage Spreadsheetalcula-
tionsarebestexpressedn anarraymodel,andwhile quiteafew arraylanguageprimitives
canbe reasonablywell embeddedn Haslell we have alsofound someannging limita-
tions. For instance the ability to overloadnumericalliterals asin nite constantarrays,
but having to provide explicit type annotationdor variablesde ned to have the valuesof
theseliterals, is a safebetfor tripping spreadshegirogrammersot well acquaintedvith
Haslell's type system. Furthermore Haslell was designedwith lists ratherthan arrays
in mind: thus,all the “good” operatorsand function namesare alreadytaken for list op-
erations. This makesthe languagdessintuitive for array-orientedexpressions.Someof
theseproblemscould possiblybe alleviatedby providing a “simple spreadsheehode”to
Haxcel, whereassumptiongboutdatatypesare madeand explicit type declarationsare
automaticallygeneratedput this featureremainsto be addedandevaluated.

9.1 Futurework

We now hasa prototypethatwe have usedfor conductingsometestandhave found some
topics that needsto be improved and further developed. Clearly, mary featurescanbe
addedo Haxcel.

The currentturnaroundimesfor smallexamplesareannging for hmake/nhc98but
acceptablevhenusingrunhugs.If still fasterturnaroundimesareneededthenonecould
adda modewherehugsrunsin a parallelthreadratherthanbeinginvokedin batchmode.
If thisis still not enough,thenone could make a more elaboratedependeng analysisto
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recalculateand updateonly thosevaluesthat have changedsincethe last evaluation. We
believe all thesefeaturesnvould befairly straightforvardto implement.

9.1.1 Better error handling

Thecurrentlack of errorhandlingin Haxcelis notsatistctory Also, thelack of knowledge
abouttypesis a limitation. As mentionedearlier a possiblesolutionis to add modesto
Haxcelwhereit interfacesmorecloselyto certaincompilers. However, this complication
could be avoidedif therewere standardprotocolsfor Haslell compilersto communicate
type information and error messages.Suchprotocolscould then also be usedby other
Haslell tools. Also, if parsersn Haslell compilerscouldbeusedascomponentso produce
parsedcodein somestandardormat,thentoolslik e Haxcelcouldtake advantageof them.
The proposeHaslell ExecutionPlatform[SMG 99] hasaddressedomeof theseissues,
but we don't know to which extentit hasmaterialized.

9.1.2 Editing in the spreadsheet-view

Bettermeansto de ne arraysinteractvely would be nice for spreadshegtrogrammers:
currently they canbede ned only throughtextual Haslell expressions.

9.1.3 Mor e GUI-functionality

The Edit-menulack of someitem usually found here. It could be a goodideato make
Haxcelmore”userfriendly” andimplementmenudriven copy, cut and pastecommands.
Anothermissingcommandn the Edit-menuis Undo/Redo.

Bettergraphicalsupporto displaydatastructuredik e listsis desirableaswell asthe
possibilityto link cellsto externalviewersor playersandanability to importdatafrom the
outsideandcorvertinto suitableHaslell values. The simpletextual input of declarations
couldbeenhancednto a morevisual programmingervironment.

It maybeagoodideato excludethenameof theHaslell declaratiorfrom theeditable

eld of adeclarationA bene t from thiswould bethatrenamingvouldbemoreconsistent.

We had thoughtsaboutimplementingfunctionality for shaving a one dimensional
arrayin horizontalor vertical view. We still thinksthatthis could be a goodideabut have
notimplementedhe functionalitythoughwe have implementedhe controlsfor thisin the
settingsview for avaluewindow.

9.1.4 Literate scripts

It would not be dif cult to implementsupportfor literate scripts(seeSection??). One
thoughtaboutliterate les we have discusseds makingthe hax- le to literatescript, mak-
ing it easierto corvert Haslell modulesto Haxcel
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9.1.5 Import of a existing Haskell module

Haxceltoday supportexport of Haslell-modules,in otherwordscreatinga regular .hs -
le for useindependentlffrom Haxcel. It would be nice to be ableto go the otherway,

importinganexisting Haslell-moduleto Haxcel,this hasnotbeenmplementediueto lack
of time.

9.1.6 Higher dimensionsarrays and other structur ed data types

We discussedn the designof Haxcelifferentwaysto display 3-D arraysan other data
structuredik e treesandlist. Due to lack of time we decidedto only implementarraysof
oneandtwo dimensions.
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Appendix A

De ntions

A.1 Words

To relsolve ary ambiguitiesthis sectiondealswith de nitions of words.

SpreadsheetA spreadsheebntainscellswhichis ordedin rowsandcolumns In aspread-
sheefit' spossibleto edit gures andtablesandperformcomple calculations.

Cell A cell possessethreeelementsyalug formatandformula
Row and column

Value

Format

Formula

Worksheet sameasspreadsheet

Workbook acollectionof spreadsheets.
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