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Abstract

We describea methodolgy for detectingusererrors in
spreadsheetsjsingthenotionof unitsasour basicelements
of cheking. We de ne the conceptof a headeranddiscuss
twotypesof relationshipsetweerheades, namelyis-aand
has-arelationships. With these we developa setof rules
to assignunits to cells in the spreadsheet.We ched for
errors by ensuringthat every cell hasa well-formedunit.
Wedescribeanimplementatiorof thesystenthatallowsthe
userto chedk Microsoft Excel spreadsheetsWe haverun
our systenon practical examplesandevenfounderrorsin
publishedspreadsheets.

1. Intr oduction

A spreadsheet a program. That is, not only is the
utility—suchasVisiCalc[4] or Microsoft Excel[10]—that
createshe spreadsheet program but soaretheindividual
spreadsheethatwe usethe utility to implement.Eventhe
humblestspreadsheatserwrites simpleformulasto com-
pute resultsand maintain consisteng betweengroupsof
data.Theseformulaeareuserprograms.

Not only are spreadsheetprograms,they are increas-
ingly one of our most popular programminglanguages.
Millions of usersemploy spreadsheattilities on a regu-
lar basis. The wealthof featuresandtoolsin theseutilities
letsusergperformseveralcomplex operationgangingfrom
“whatif” calculationgo limited formsof databasenanage-
ment. Becauseof their powerful operatorsthey are used
notonly in businessapplicationd16], butin someformsof
mathematicabnd scienti c computing[14], bothto teach
studentg7] andto build applicationgd15].

Thewidespreadiseof spreadsheettilities hasanunfor-
tunateconsequenceMarny usershave relatiely little for-
mal educationin computing. Many of themlearnto use
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spreadsheettilities primarily by trial-and-erroyrby copying

spreadsheetndformulaefrom others,andso on. Conse-
guently they arenottrainedto recognizeeommonprogram-
ming errors,andmay thusfail to spotmistales. Sociologi-
cally, it is alsopossiblehatsomearemoreproneto trustthe
outputof a programbecausét is “from the computer”,not

fully realizingthe waysin which their actionscancorrupt
thatoutput.

Unfortunately spreadsheattilities are often quite poor
atdetectingandreportingerrorsin userspreadsheet3here
aremary possiblereasondor this: the desireto minimize
confusingoutput;the expectationthat spreadsheetsill re-
main modest,not grow into large programs;and the dif-
culty in identifying errorsand reportingthem meaning-
fully. Sadly this lack of checkingmeansa greatnumber
of spreadsheetare actually buggy [11]. As spreadsheet
programsgrow, and businessdecisionsand work o ws in-
creasinglyrely on their output,theseerrorsassumeeritical
importance.

Indeed,the problemswith spreadsheetare alsoa soft-
ware engineeringproblem. Spreadsheetitilities are in-
creasinglyaccessibleo external programsthrough pow-
erful interfaces,such as thosede ned for Microsoft Ex-
celin COM [9]. This, combinedwith the growing desire
to cobbleapplicationsrom fragmentsin differentdomain-
speci ¢ languagesmeangherelianceon spreadsheetsill
only grow. Therefore,the reliability of an overall soft-
waresystemcanincreasinglybe compromisedy a buggy
spreadsheet.

In this paper we tacklethe problemof staticallydetect-
ing errorsin spreadsheet§Ve performanoperatiorsimilar
to type-checkingon the formulaeof spreadsheetdollow-
ing the lead of Erwig and Burnett[2], we call this “unit
checking”. We presenta collectionof rulesthathelpiden-
tify weaknessein spreadsheetbatarelikely to beerrors.

In additionto de ning rules,we have alsoimplemented
a unit checler. Building the checler and executingit on
severalspreadsheetselpedusidentify problemswith prior
approaches.Our unit checler operateson a mainstream
spreadsheetitility, namely Microsoft Excel. By using



COM, our checler interfacesdirectly with Excel without
the needfor humanintervention (suchas askingthe user
to save the contentsof the spreadshedéh someother for-
mat). Excelis wealer thanspreadshedanguagesuchas
Forms/3[1], andprovideslessinformationto build an ef-
fective checler. Neverthelesspecauseve do not have the
powerto changepractice we believe it is importantto con-
tend with the vicissitudesof a mainstrearrutility to make
ourwork mostwidely applicable.

Therestof this paperis organizedasfollows. Section2
motivatesour work througha seriesof examples.Theseex-
ampleday the groundwvork for the formal materialthatfol-
lows. In particular they presenssomeof the subtletiesghat
arisein validatingspreadsheetsiot treatingthesewealens
prior work in this area.Section3 erectsaformal framework
for validatingspreadsheetgresentingudgementulesfor
units. In section4 we brie y discusssomedetailsof our
implementationSections describesheresultsve obtained
by testingsomeoff-the-shelfspreadsheetsThe remaining
sectionspresentrelatedwork, directionsfor future work,
andconcludingremarks.

2. Motivating Examples

In this sectionwe introducethe basicconceptsand de-
sired behavior of our unit checkingsystemby providing
several (intentionally simple) examples. A very simpleta-
bleis shavnin Figurel. Intuitively, theusershouldbeable
to add the numbersin eachrow and column of the table
becausesachrow or column consistsof compatibleunits.
For example,cells B3 andB4 arebothin unitsof TVs, so
we canadd themtogetherto get anothernumberin units
of TVs. We canalsoaddcell B3 to C3, becausehey both
have units of theyear2001. Theresult,D3, will bein units
of 2001, and moreorver, we can abstractover the speci ¢
typeof electronicdevice in eachcell anddeterminghatthe
resultis alsoin units of Electronics.On the otherhand,if
the usertries to addB3 and C4 (perhapshecausef a for-
mula error), this will causea unit-checkingerror, because
thesecells do not have eithera yearor a type of device in
common.
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Figure 1. Electronics Production by Year

Figure2 shavs a slightly morecomplicatedable.Here,
TVs and VCRs are subdvided into three cateyorieseach.
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Figure 2. Electronics Production Minus De-
fective Products

As before,we can perform an operationon cells B4 and
C4 becausehey both have units of 2001 and abstractto
unitsof TVs. We alsowantto be ableto handlecolumnH,
which containsthe sum of defectve TVs andVCRs. We
seethat cells C4 and F4 have the unit 2001 in common.
They are alsoboth Electronicsand Defective, but they do
nothavetheintermediateatayory of eitherTVs or VCRsiIn
common.ldeally, we would like our unit systemto capture
this information by assigningthe resultunits of 2001 and
Defective Electronics.

Figure 3. Electronics Sales and Prots

Finally, considerFigure3. If we follow the patternlaid
out above, D3 will have units of the year2001 and Gross
Salesbecauseve will “abstract”over TVs andVCRsand

nd that B3 and C3 have GrossSalesin common. This
seemslightly odd,sinceGrossSaless notasupercatgory
of TVs and VCRs the sameway Electronicsis. We also
wantto subtractB9 from B3 to obtainB15, but B3 andB9
have only thesubcatgory TVs in commonandnocommon
supercatgoryatall.

In theremaindeof this paperwe describea unit system
that will allow usto performall theseoperationsaswell
aspreventingerrorssuchasaddingB4 to C5 in Figure 2
(seeSectiond for theerrorreportdisplayedin this case)or
subtractingC9 from B3 in Figure 3. This unit systemis



insensitve to the speci ¢ arrangemendf data,sothatif the
userchoosedo presenthedatain Figure3 differently (see
Figure4), theresultsof unit checkingwill bethesame.

Figure 4. Electronics Sales and Prots: Alter-

native Layout

3. The Unit System

We now proceedo discussingur unit systemgiventhe
previous examplesof the desiredbehariour of our checler.
First we describeour model of spreadsheetsle ning key
conceptsuchasheadersandrelationships.We thenintro-
duceunits,thebasicelement®f our systemuponwhich er
ror checkingoccurs.In the heartof this sectionwe present
rulesto govern how units may be built from spreadsheet
cells,startingwith simpleunits, beforeprogressingo more
complex units createdfrom cells containingmathematical
operations.

3.1. Headersand Relationships

We considerspreadsheet® be comprisedof cell loca-
tions, values andexpressions Cell locationsare given by
their addressesyhich we take from the Excel grid system.
Valuesin spreadsheetretypically numbersor strings,but
may include other datatypesaswell. Somecells contain
expressionsand may include operationson the valuesof
othercellsreferencedy their locations. The evaluationof
anexpressioryieldsavalue.

A headeris a conceptthatde nes the commonunit for
a group of cells. Somecells containvaluesthat provide
namedor headersandwe call theseheadercells For ex-
ample,in Figurel, Bl is a headercell containingthe value
Electronics,which is the headerfor TVs, VCRs, and To-
tal (in cell D2). We assumehat eachheadercell de nes
adifferentheaderunlessit containsa referenceto another

headercell. For example,in Figure1, the value Total ap-
pearsin cell A7 asa total over Yearsandin cell D2 asa
total over Electronics. In this case althoughtheseheader
cellscontainthesamevalue,they de ne two differenthead-
ers. On the otherhand,in Figure2, the value Defective in
cell F3 comesfrom a referenceto C3, so thesetwo cells
de ne thesameheader

Note thata single cell may have morethanone header
For example,cell B3 in Figurel hastwo headersTVs and
2001. In addition, theremay be cells whoseheadersare
not de ned explicitly by headercells. Figure 3 illustrates
this situation. Herethe TVs andVCRs cellsareboth elec-
tronic goods,sothey implicitly sharea heademwe will call
Electronicsthoughthereis nocell to indicatethis. Ourcur-
rent solutionto the problemof headerinferenceis to rely
on the userto identify the correctheaderunits. This ap-
proachis discussedurtherin section4. We assumen our
unit-checkingsystemthatall headersareknown.

Therearetwo kinds of relationshipsthat can exist be-
tweenheadersn our unit system.Theserelationshipscom-
monto mary type systemsaretheis-aandhas-arelation-
ships. We usethe is-a relationshipfor both instancesand
subcatgories,sothatin Figurel, we saythat2001is-a (in-
stanceof) YearandthatTVsis-a(subcatgory of) Electron-
ics. Thehas-arelationshipgenerallydescribegpropertieof
itemsor sets.For example,we cansaythatin Figure3, the
setof TVs has-a(propertycalled)GrossSales.

3.2. Units

Units form the basicelementsuponwhich we perform
error checking. Every cell hasa unit determinedby the
cell'sheaderandtherelationshipshoseheadergparticipate
in. The simplestunit is the Top unit. Any cell thathasno
headerdhasunit Top. Examplesrom Figure3 arecellsA2
(Year)andB1 (GrossSales).Headercellsthatparticipaten
is-arelationshipshave hierarchicais-a units,which we de-
note with squarebraclets. The unit of cell C3 in Figure
2 (Defectwve) is thereforewritten Top[Electronics[TVs]].
Sinceall is-a hierarchiesare ultimately derived from Top,
wewill generallyleave Top outwhendescribingunitsfrom
this pointonward.

Non-headercells have someavhat more complex units.
Theunit of every non-headecell containsexactly onehas-
a relationship,which we denotewith braces. This is be-
causea has-arelationshipuniquely identi es the kind of
datapresentin a valuecell. If therewere morethanone
has-arelationships,we would needto represenimultiple
datavaluesin thatcell, which is impossible.For the same
reasonwe cannothave units madeentirely of is-a relation-
ships,althoughthe has-arelationshipmight be implicit, as
describedelow. In addition,non-headecellsmayhave an
arbitrarynumberof headerseachof which de nesits own



is-a hierarchy We createunits with multiple is-a hierar
chiesusingthe operator For example,cell B3 in Figure
3 hastwo headers2001andTVs. TheTVs headeis related
to the GrossSalesheademy the has-arelationship,sothe
unit for B3 is:

Electronics[TVs] GrossSales  Year[2001]

Notethat, like otherheadersthe headere ning the has-a
portion of a cell's unit may not be explicitly givenin the
spreadsheetThe tablesin Figures1 and 2, for instance,
do not list this headerexplicitly. However, we canseeby
looking at thetablesthatthe propertydescribedy the data
is a Numberor Quantityof electronicdevices. Thatis, each
setof deviceslistedin the table has-aQuantity. The unit
for cell B3 in Figurel is thereforesimilar to the previous
example:

Electronics[TVs] Quantity  Year[2001]

Now thatwe have coveredheadersaandunits, we focus
our attentionon the descriptionof well-formed units. We
obsenethefollowing cornventionsfor notation:

is theis-aheadeffor headed (possibly )

is theunit for headed

is the setof is-a headerdor the cell atlocationa
is theunit for thecell atlocationa

ideniti es a has-arelationshipbetweerheader
d andheademh

is thevalueof thecell atlocationa

is the short-handrepresenta
tion for a hierarchyof is-arelationships

is an extensionof a hier
archy of is-a relationships, , with anotheris-a rela-
tionship,

Thefour categyoriesof elementdor whichwe computeunits
are:

1. HeadersTheunit for aheadeiis determinedy its is-
a relationships.Every headeiitself haseitherzeroor
oneis-a headersin the formercase the headers unit
is Top':

Top

1Thebottompartof ajudgementuleis whatthe unit checler is ableto
infer basedon the preconditiongresenin the top part of the judgement.
SeePierces book[13] for a detailedexplanationof type systems.

Otherwise,its unit is a concatenatiorof its headers
unit andits headers name:

We de ne theunit of aheadercell to betheunit of the
headeit names.

2. Non-headercells containingvalues(i.e. userdata),
suchascell B3 in Figurel. Thesecells alsoobtain
units from their headers. Every cell containinguser
datamust have at leastone is-a header Moreover,
theremustbe exactly oneis-a heademwith a has-are-
lationship. In the casewherea cell hasonly oneis-a
headerthe cell's unit is formed by concatenatingts
headers unit andheaders nameasabove to obtainthe
is-a partof theunit, andaddingthe has-aheadeiatthe
end:

Whena datacell hasmorethanoneis-a headereach
is-a headerde nes its own is-a hierarchy andthe re-
sultsarecombinedusing the & operator:

3. Cells containingreferenceonly, suchas cell E3 in
Figure2. The unit of a cell containinga references
theunit of thecell it refersto.

4. Cellscontainingformulas,suchascell B5in Figurel.
Thesecells containexpressionsnvolving mathemati-
caloperatorsandtheresultingunit for thiskind of cell
dependsuponthe actualoperatorin use. We discuss
therulesneededor our unit systemto supportthefour
basicmathematicabperatorg+, -,*,/) in thefollowing
subsection.

3.3. Units and Mathematical Operators

In this sectionwe motivateanddescribethe behaior of
our systemwith regardto mathematicabperations. The



formal judgementdor theseoperationsarelistedin full in
the Appendix. The sectionintroducesthesejudgementsn
alessformal way, makinguseof the Excelexamples.

We begin with the simplestexample,Figure1. We want
to beableto addthequantityof TVs andVCRs. Intuitively,
we canthink of trying to union the setof TVs andVCRs
to geta combinedset. Theresultingsetwill still represent
guantities(the has-arelation) but we wantthe unionto be
describeddy only the commonpart of TVs andVCRSs. In
our unit notationthis meanghat:

Electronics[TVs] Quantity +
Electronics[VCRs]Quantity

whenunit-checledshouldyield:
Electronics Quantity

Essentiallywe wantto keepthe has-apartunchangeand
performaunionoperation, , ontheis-apartof theunit. In
generalwe have:

Thus,whenwe addtwo units, if they have the samehas-a
part,theresultis theunionof theiris-apart. Thereis anun-

derlying principle herethatis the coreof the additionrule:

in orderto addtwo unitstogetherthey musthave something
in common(in this casethe has-apart). Now considerthe

casewherethe two units have acommonis-a part. Hereis

avariantof the examplein Figure3:

Electronics[TVs] Costs + Electronics[TVs] Pro ts

Clearly, we cannotperforma union operationon Costsand
Pro ts, becausahey are both propertiesof the sameset,
namelyTVs. By addingCostsandPro ts, we obtaina new

propertyof the samesetof TVs. In generalthis new prop-
erty will be someirreducible combinationof the two old

propertiesUsingthe combinatotto indicatethenen com-

poundproperty theresultof thepreviousequatiortherefore
becomes:

Electronics[TVs] Cost Prot

Or, in general:

Thereis only onesituationthatwe haven't coveredyet,
the onewhereboth the is-a part andthe has-apart of the
unit differ:

Electronics[TVs] Cost + Electronics[VCRs]Pro t

Thisequatiorclearlyviolatesour principlestatingthatunits
must have eitherthe is-a or the has-apartin commonin
orderfor the additionto passthe checler. Intuitively, also,
we seethatthisis thekind of operationwe wantto prevent,
asit couldonly resultfrom a mistale madeby theuser
Weturnourattentionnow tothe rule,asit isanimpor-
tantpartof theadditionoperation We quickly glancedover
it in the rst exampleof thesectionwhenwe obtainecElec-
tronicsfrom Electronics[TVs] Electronics[VCRs]. The
rule appliedto theis-a partsof the units, andcombined
themby retainingin theresultonly thecommonpartsof the
two units. Judgingfrom our rst example,it might seem
thatthe resultof the union operatiorwill alwaysbeamore
generalunit thaneitherof the two arguments But suppose
we wantto performa unionoperationon thesetwo units:

Electronics[TVs[Defectie]]
Electronics[VCRs[Defecte]]

In this casewe couldalsosaythattheresultshouldbe Elec-
tronics,but we would loseinformationcommonto the two
original units: thefactthatthey areboth defectie. Instead,
ourdesiredresultis:

Electronics[Defectie]

The operationthereforecombinesthe is-a partsof two
units creatinga new unit from all the commonfeaturesof
thetwo units,notjustthemostgenerabnes.

To summarizetheadditionrule appliesonly to unitsthat
eitherhave identicalhas-aparts,in which casetheresultis
a operationon their is-a parts;or identicalis-a parts,in
which casetheresultisa operationontheir has-aparts.

Now thatwe have seerhow additionworks,we will de-
scribesubtraction As with addition,we wantto allow sub-
tractiononly betweencells that have eitheridenticalhas-a
or is-a parts. We begin with the rst case.In Figure2, the
Okay columnfor TVs requiresusto subtractthe following
two units:

Electronics[TVs[Dtal]] Quantity -
Electronics[TVs[Defectie]] Quantity

We wantour unit checler to identify theresultasrepre-
sentinga quantityof TVs:

Electronics[TVs] Quantity

We cannotbe any morespeci ¢ aboutthe unit of theresult,
sincethereis no way to know in generalwhetherthe set
resultingfrom a subtractionoperationcontainsary items
of the subtractedype. In otherwords, we may not have
subtractedall the defective TVs from the original set. We
only know that, sincebothoriginal setsweretypesof TVs,
we muststill have asetcontainingonly TVs (of sometype).



Thisresultis satisfying,sinceit exactly mirrorsthebehaior
of addition,wherewe apply operatorto theis-aparts.

Now considersubtractingwo unitswith acommonis-a
part,asin Figure3, wherethe datain the Pro t columnis
givenby:

Electronics[TVs] GrossSales -
Electronics[TVs] Costs

As with addition, the resultis the combinationof the is-
a part, Electronics[TVs],anda new propertyderived from
GrossSalesandCosts:

Electronics[TVs] GrossSales Costs

Having seenhow additionandsubtractionwork, we can
concludehatary binaryoperatomustcorrectlyhandletwo
cases:identicalis-a partsandidenticalhas-aparts. In the
caseof identicalis-a parts,the resultof the operationis al-
waysa compoundbf thetwo differenthas-aparts. For ex-
ample,in the computatiorfor theareaof arectangle:

Shape[RectanglelLength
Shape[RectangleWidth

It is obvious we wantto remembethatthe resultis given
by the combinationof LengthandWidth:

Shape[Rectanglelength Width

We concludethereforethatwhendealingwith identicalis-
a parts,ary binary operatorreturnsa combinationof the
has-apartsalongwith theis-apartastheresult.

Is the caseof identicalhas-apartsalso uniform across
all binary operators Ve have seenthat both additionand
subtractiorrequiretheuseof the operatoionthedifferent
is-a parts.But supposeve have thefollowing equation:

Shape[Rectanglelength  Shape[Square]l.ength

Clearly it doesnot make senseto have ShapelLength as
theresult. In fact, thereis no satisfictory combinationof
the two is-a partsthat will accuratelydescribethe result.
However, we donotwantto ag thisasanerror, sincethere
mightbealegitimatereasorfor theuserto performthis op-
eration. Therefore whendealingwith ary binary operator
otherthan+ or -, theresultof combiningtwo unitswith dif-
ferentis-a partsandthe samehas-apartis always Top
(where isthecommonhas-apart).

To obtainmeaningfulresultsfrom constructsuchas:

Shape[Squarelength  Shape[Square].ength

theidenticalis-acombination, , takesprecedenceverthe
identicalhas-acombination, or Top.

Finally, we will describeheand(&) operation As noted
in section2, theunit of cell B3 from Figurelis:

Electronics[TVs] Quantity & Year[2001]

The unit of a value cell that hasmore than one headeris
givenby the & constructoron the unitsinferredfrom each
individual header Therearerestrictionson the typesof the
unitsonwhich we canperform&.

Eachheadercorveys a distinct propertyfor the datain
thecell, which meanghata well-formed& unit consistof
different, headerinferred, units containingonly is-a parts,
with only oneof thempotentiallyhaving ahas-apart. Since
thereis only onehas-apartatmost,thedifferenceappliesto
theis-a partsof theunits. Two is-a partsaredifferentif and
only if their top labelsare differentbecauseonly thendo
the two is-a partsrepresentisjoint dataproperties.The &
operationis idempotento handlethe specialcasenvhentwo
is-a partsareidentical. For example,Electronicsand Year
areclearly differentsoit is correctto join themthrough&.
Ontheotherhand,

Electronics[TVs]& Electronics[VCRs]GrossSales

doesnot representa valid & unit operationbecauseboth
headergepresenElectronicsand that contradictsour re-
guirementhatthe headergliffer.

The & operationis distributive with respecto ary other
binary operationbetweenunits. For example,in Figurel,
cell B5 hasunit:

Electronics[TVs] Quantity & Year[2001}+
Electronics[TVs] Quantity & Year[2002]

whichreducesgo:

Electronics[TVs] Quantity &
(Year[2001}+ Year[2002])

We wantthe unit checler to performthe additionon the
two is-aunitsasif therewereanemptyhas-apart,yielding
thefollowing result:

Electronics[TVs] Quantity & Year

We thus handle the reduction of Year[2001] +
Year[2002Jusingthespecialcaseof theidenticalhas-arule
for binaryoperationsthe onewith emptyhas-aparts.

4. Implementation

Our unit checler is implementedn the DrSchemepro-
grammingervironment[6]. It hasthree components:a
GUI, an I/O layer that mediatesthe communicationwith
Excel,andthe unit checleritself.

Figure 5 presentghe GUI interface. The usercanstart
aninstanceof a desiredspreadsheetith the Load File
button. Analyze will checkthe loadedspreadsheatnce
it is annotatedwith the right units. In earlier sectionswe



assumedhe existenceof a headerinferencealgorithmto
correctly annotatecells with units basedon headerabels.
Headelinferenceis adif cult arti cial intelligenceandnat-
ural languageprocessingproblem. Our currentimplemen-
tation doesnot have suchan algorithm. Instead the value
cells are annotatedwith the right units throughthe GUI.
A rangeof cells is selectedeitherwith the mousein Ex-
cel, or textually enteredn the Cell(s) Range(s) eld
in the GUI, andtheir correspondinginit in the Cell(s)
Units eld. TheAssign Units buttonupdatesin Ex-
cel,thecommenteld of every cell from therangewith the
assignedinit. In the future we planto provide a moreau-
tomatedprocesdor headelinference.To thatend,we may
do semanticanalysison headergo determinerelationships
with the aid of WordNet[5].

Figure 5. Unit Checker GUI

We use the MysterX [18] ComponentObject Model
(COM) extensionto DrSchemeto communicatewith Ex-
cel. Although Excelhasa complex COM model(over 400
COM interfaces)we only needa few of thosefor our tool.
Examplesof theinterfaceswe needare: _Application
_Worksheet , _Irange . Eachof thesehasmethodsand
propertiesthrough which the applicationcan mimic ary
userinteractionwith Excel. Our I/O layerimplementsthe
functionality neededby the tool (such as coloring cells,
addingcommentgo cells, etc.) by usingMysterX methods.

Unit errorsarereportedbackto the userby coloringthe
offendingcells. Figure6 is similar to Figure 2 exceptwe
have deliberatelyintroducedan errorin cell D5. For each
errorcell, theusercandisplaytheinput cellsto theformula
in that cell by right clicking the mouse. In Figure 6 the
inputcellsfor D5 areB4 andC5. Therearetwo kindsof er-
rorsreportedback. Theunit errorsarethosewherethe unit
checleridenti ed a problemin the formulafor the cell, as
is the casewith cell D5. Therearealsopropagatiorerrors.
Thoseare cellsthat usea referenceo anothercell agged
by the unit checlerascontaininganerror.

Our judgementgdo not dictatean order on checkinga
spreadsheetn our currentimplementatiorwe assignunits
to value cells through the GUI. All the other cells will

Figure 6. Unit Error

containformulasandthereforetheir units will be inferred.
FromExcelweextractalist of all theformulasandthenunit
checkeachonein a recursve mannerby computingunits
for subformulasrst andthencombiningthemby usingour
inferencerules. SinceExcel providescycle detection,we
do not concernourseheswith circularity and furthermore
this approachs guaranteedb terminate.

Excel hasover 300 pre-de nedfunctions. Thesefunc-
tions canbe groupedtogetherbasedon their domains.For
example there are nancial functions, matrix operators,
trigonometricfunctions, etc. We choserepresentaties of
eachof thesegroupsandimplementednferencerules for
thembasedn our baseinferencerules.In orderto befully
functional, our checler would needto implementjudge-
mentrulesfor all the functions; this is an importantstep
for transformingour checler from a prototypeto a product.

5. Experimental Validation

Designinga type systemis not hard; the dif culty is in
designingonethat(a) actuallycatchesrrrors,while (b) not
rejectingtoo mary meaningfulprogramsall while (c) run-
ning in reasonabldime. The bestvalidation of our unit
checlerwouldbeto runit againsoff-the-shelfspreadsheets
andcheckfor all threecriteria. To this end,we usedthe ex-
amplesin abookby Filby [14] on spreadsheef®r science
and engineering. (None of the spreadsheetisad ary unit
annotationsWe usedour tool to annotateghevaluecellsin
thosespreadsheetsith thecorrectunits.) At the outsetwe
did not expectto nd errors;we were primarily interested
in whetherthe checler would rejectarny (correct)spread-
sheetsandsecondarilyin how quickly it would run.

Thetablein Figure7 describeshe spreadsheetse used
to testour unit checler, andthe checler's performanceon



| Author | Description | Size| Time | COM | Checler | Error? ]
S.Leharne Acid BaseTitration 109 | 0:24| 0:23 0:01
W.J.Orvis OscillationsFrequeng 43 | 0:19| 0:18 0:01
OscillationsEuler Method 345 | 1:52| 151 0:01
A.A. Gorni Cubic Crystalline SystemsX-Ray 83| 0:40| 0:39 0:01
Diffraction
W.J.Orvis ElectronDrift Velocityin GaAs 44 | 0:16 | 0:15 0:01
J.PLeRoux | CleavageStrike Direction 236 | 1:16 | 1:13 0:03 X
Palaeocurrent 284 | 1:40| 1:38 0:02
Untilt 53| 0:22| 0:21 0:01
Chi-square 41 | 0:16 | 0:15 0:01
A.A. Gorni Grainsizeof microstructure 40 | 0:23 | 0:22 0:01
E.Neuwirth | Feigenbaunbiagram 1000 | 2:58 | 2:57 0:01
E.Neuwirth | SimpleModel 54 | 0:07| 0:06 0:01
ParametridViodel 55| 0:10| 0:09 0:01
Comple Model 56 | 0:13| 0:12 0:01
Complex Modelwith Table 75| 0:19| 0:18 0:01
Complex Modelwith Stepwidth 57 | 0:08| 0:07 0:01
Volterra-LotkaModel 8004 | 14:59 | 14:38 0:21
Planets 4001 | 12:34 | 12:18 0:16
PlanetsHalfstep 4001 | 10:24 | 10:10 0:14
W.J.Orvis Blackbodyspectralemission 507 | 0:53 | 0:52 0:01
A.A. Gorni Viscometricmoleculamweight 41 | 0:47 | 0:46 0:01
A.A. Gorni Pointcountmethod 26 | 0:18 | 0:17 0:01

Figure 7. Experimental Results

them. Thesizegivenis thenumberof non-emptycells. The
“Time” columnshows thetotal time taken by the checler.?
This time is largely an artifact of our useof the COM Au-
tomationinterfaceto interactwith Excel; COM Automa-
tion is known to be slow, andits overheadcan be elimi-
natedby using COM Direct Interfacesor .NET. The next
two columnsindicatethedivision of time betweerthe COM
interfaceandtheactualchecler, which clearlydemonstrates
thatmostof thetime is spentinteractingwith Excel,notin
the coreof the checkingprocedure.

Thelastcolumn,“Error?”, indicateswhetherourchecler
claimedto nd anerrorin the correspondingpreadsheet.
The table shaws thatit did reportone purportederror. To
our surprisethisis agenuineerrorin the publishedspread-
sheet! The authorof that spreadsheatsesan Excel oper
ator, FREQUENCthat takestwo rangesof cells asargu-
ments. The secondrangeis incorrect: one of the cells it
refersto containsno data.

To run our checler, we mustannotatevalue cells with
units. Thistook very little time andeffort, becauseve used
the headerannotationon the tables. In particulay we did
not needto understandhe problemdomainsto make these
annotationsOur experiencehereforesuggestshattheunit
checler offers greatpromiseto be a usefultool for real-
world usersof spreadsheets.

2All timesarein minutes:seconds.

6. Relatedwork

The mostcloselyrelatedwork is the unit checler of Er-
wig and Burnett[2]. While basedon similar principles,
our systemaresigni cantly different. Theirwork doesnot
distinguishbetweertheis-a andhas-arelationshipsyhich
malestheirtypesystemmuchwealerandmuchmorelik ely
to incorrectlyreporterrors. They ignoreoperatorssuchas
subtractionwhichareof obviousimportance Furthermore,
they do not provide animplementatioror experimentalal-
idation,whichwe believe would have easilyidenti ed these
weaknessegThey discussa prototypeimplementatiorin a
subsequenpaper[3], but it is not graphical,doesnot inte-
gratecleanlywith a utility like Excel,andsuffersfrom the
weaknessesf theirtypingrules.)

To highlight the differencesn the core of the unit sys-
tem, we presentthe following example of a reasonable
spreadshedhat successfullypassesur checler but would
fail in that of Erwig and Burnett[2]. In Figure4, we re-
arrangethe tablesin Figure 3, andassumehatthe header
inferenceis ableto infer thatTVs andVCRsarebothtypes
of electronicgoods. Considerthe operationin cell B15.
First we discusshow Erwig and Burnett's checler would
operatein this situation. In their system,cells B3 and
B9 have units All Electronics[TVs[Gross]and All Elec-
tronics[VCRs[Gross]fespectiely. The subsequenaddi-



tion operationin cell B15 fails, becausehe hierarchiesof

the two units differ in their secondcomponent{TVs vs.

VCRs),despitethe commonthird componenbf Gross.The
headerinferencecould concevably reversethe hierarchy
of the units. Cells B3 and B9 could be assignedunits of

Gross[TVs]and Gross[VCRs],enablingcell B15 to pass
the unit checking. However the computationof pro ts, in

cell D3 for example,would now fail (Cost[TVs]cannotbe
subtractedrom Gross[TVs]).Our systemhandleghis case
in exactly the samemannerasdescribedabore. Cell B15

turnsoutto beanadditionof:

All Electronics[TVs] Gross +
All Electronics[VCRs]Gross =
All Electronics Gross

Cell D3is:

All Electronics[TVs] Gross -
All Electronics[TVs] Cost =
All Electronics[TVs] Gross Cost

This demonstratethatdespiteary rearrangemerdf the
tables,providing the headeiinferenceis ableto determine
therelationshipsn themannembove, ourrulesmaybecon-
sistentlyapplied. Erwig and Burnett's systemis unableto
handleanintuitive way of takulatingdata,andnorearrange-
mentof headerss ableto accountfor the differencesn the
is-aandhas-arelationships.

Therehasbeenotherwork tacklingthe speci ¢ problem
of detectingerrorsin spreadsheetsRothermelet al. [17]
apply an adaptationof testingmechanismgor imperatve
programsto spreadsheetsThis aimsat detectingthe most
commonof spreadsheedrrors,cell referencesrrorsin cell
expression$12], throughtheuseof data o w adequag cri-
teria. Theauthorsde ne thedata o w testadequayg criteria
employed, in termsof de nition-use (du) associationshat
areinvolvedin visible cell outputs. Relying on userinter
actionto validatethe valuesin cells, the systemmarksdu-
associationgshaving beenexercised andvisually re ects
thepercentagef all du-associationexercisedoercell with
shadesf colors. Rothermelet al. apply this kind of test-
ing to the Forms/3spreadshedanguagdl], whereasour
systempertainsto Excel spreadsheetsSpeci cally, Excel
spreadsheetreableto detectthe useof blankcellsin cell
expressions.Thusthe typesof errorswe areableto detect
areof a differentnature,andthis belief is reinforcedif we
considerthe following example. In Figure 1, supposehe
cell B5 containedthe cell expressionB3 + C4. Our unit
systemwould ag anerrordueto theaddition:

Electronics[TVs] Quantity
Electronics[VCRs]Quantity

Year[2001}+
Year[2002]

Howeverthesystemin [17] would notbe ableto detecthis
problemin Figurel.

Kennedy[8] describesan extensionof strongly-typed
programminganguageso includepolymorphicdimension
typesfor valueswithin thelanguagestemmingrom asimi-
larity betweerwell-typednessf programsanddimensional
consisteng of mathematicaéxpressionsThe authorintro-
ducegheconcept®f basedimensionsuchaslength,mass,
time, etc. The counterto thesearederived dimensionsfor
exampleacceleratiowhich canbe thoughtof aslengthdi-
videdby time squaredUnitsarealsodiscussedTheseunits
arenotto be confusedwith theunitswe check,but areunits
of measuremensuchasmeters,or kilograms. Baseunits
areusedto measurghe basedimensions Alternative units
of measuremerdrejust a scalingof baseunits.

7. Conclusionand Future Work

In this paperwe have presentedh methodologyfor de-
tectingerrorsof asemanticaturein spreadsheet$Ve have
introducedthe conceptof the is-a and the has-arelation-
ships,whoseessencas found in a large numberof type
systemsinto thedomainof spreadsheetsn theprocessywe
have enhancedhe completenessf our systemin compari-
sonto existing work, by broadeninghe rangeof unitsthat
may passunit checking. This is importantbecauseausers
will disableacheclerif it reportserrorson valid inputs.

Our implementatiorprovidesa simpleinterfaceto unit
checkan Excel spreadsheet.While we have not delved
deeply into the problem of headerinferencefor a wide
rangeof spreadsheetsur unit checleris ableto detecter-
rorsin mary caseswithoutany additionalinformationthan
that presentn the spreadsheegssumingheaderinference
whichwe currentlydo throughmanualannotation.

Therearemary directionsfor futurework. To make this
systemtruly practical,we mustcompletethreetasks. The

rst is to supportthe entire suite of Excel's built-in oper
ators,so that we canhandleall spreadsheetsThe second
is to performa detailedstudywith typical usersto assess
the strengthsandweaknessesf our interface. Finally, we
have to make the overall runningtime of the checler much
smallerso that userscanintegratethis tool in their devel-
opmentcycle. Thereareat leasttwo major remainingre-
searctproblems.Oneis building a non-trivial headeiinfer-
enceengine preferablyonethat(a) makessigni cant useof
naturallanguagerocessingechniqueso maximizetheac-
curag of its inferencesand(b) queriesuserdo validateits
inferencesaindusegheirfeedbacko adaptvely improveits
output. The otheris to integrateKennedys [8] dimension
checkinginto our system.
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A. Appendix: Unit inferencerules

- ary binaryoperator
- ary binary operatorexceptfor +/-
- All otherrelationsarede nedin section3.2

Unit construction rules:
Headers:

Top

Values:

References:

-rule :

&-rule :

Simpli cation rules:

Identical is-arule:

Identical has-arule, has-acanbeempty:




