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Abstract

We describea methodology for detectingusererrors in
spreadsheets,usingthenotionof unitsasourbasicelements
of checking. We de�ne theconceptof a headeranddiscuss
twotypesof relationshipsbetweenheaders,namelyis-aand
has-arelationships.With these, we developa setof rules
to assignunits to cells in the spreadsheet.We check for
errors by ensuringthat every cell hasa well-formedunit.
Wedescribeanimplementationof thesystemthatallowsthe
user to check MicrosoftExcelspreadsheets.We haverun
our systemonpracticalexamples,andevenfounderrors in
publishedspreadsheets.

1. Intr oduction

A spreadsheetis a program. That is, not only is the
utility—suchasVisiCalc[4] or Microsoft Excel[10]—that
createsthespreadsheeta program,but soaretheindividual
spreadsheetsthatwe usetheutility to implement.Eventhe
humblestspreadsheetuserwrites simpleformulasto com-
pute resultsand maintainconsistency betweengroupsof
data.Theseformulaeareuserprograms.

Not only are spreadsheetsprograms,they are increas-
ingly one of our most popular programminglanguages.
Millions of usersemploy spreadsheetutilities on a regu-
lar basis.Thewealthof featuresandtools in theseutilities
letsusersperformseveralcomplex operationsrangingfrom
“what if ” calculationsto limited formsof databasemanage-
ment. Becauseof their powerful operators,they areused
notonly in businessapplications[16], but in someformsof
mathematicalandscienti�c computing[14], both to teach
students[7] andto build applications[15].

Thewidespreaduseof spreadsheetutilities hasanunfor-
tunateconsequence:Many usershave relatively little for-
mal educationin computing. Many of them learn to use
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spreadsheetutilities primarily by trial-and-error, by copying
spreadsheetsandformulaefrom others,andsoon. Conse-
quently, they arenottrainedto recognizecommonprogram-
ming errors,andmaythusfail to spotmistakes.Sociologi-
cally, it is alsopossiblethatsomearemoreproneto trustthe
outputof a programbecauseit is “from thecomputer”,not
fully realizingthe waysin which their actionscancorrupt
thatoutput.

Unfortunately, spreadsheetutilities areoften quite poor
atdetectingandreportingerrorsin userspreadsheets.There
aremany possiblereasonsfor this: the desireto minimize
confusingoutput;theexpectationthatspreadsheetswill 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 spreadsheetsare actually buggy [11]. As spreadsheet
programsgrow, andbusinessdecisionsandwork�o ws in-
creasinglyrely on their output,theseerrorsassumecritical
importance.

Indeed,the problemswith spreadsheetsarealsoa soft-
ware engineeringproblem. Spreadsheetutilities are in-
creasinglyaccessibleto external programsthrough pow-
erful interfaces,suchas thosede�ned for Microsoft Ex-
cel in COM [9]. This, combinedwith the growing desire
to cobbleapplicationsfrom fragmentsin differentdomain-
speci�c languages,meanstherelianceon spreadsheetswill
only grow. Therefore,the reliability of an overall soft-
waresystemcanincreasinglybe compromisedby a buggy
spreadsheet.

In this paper, we tackletheproblemof staticallydetect-
ing errorsin spreadsheets.We performanoperationsimilar
to type-checkingon the formulaeof spreadsheets;follow-
ing the lead of Erwig and Burnett [2], we call this “unit
checking”. We presenta collectionof rulesthathelp iden-
tify weaknessesin spreadsheetsthatarelikely to beerrors.

In additionto de�ning rules,we have alsoimplemented
a unit checker. Building the checker and executingit on
severalspreadsheetshelpedusidentify problemswith prior
approaches.Our unit checker operateson a mainstream
spreadsheetutility, namely Microsoft Excel. By using
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COM, our checker interfacesdirectly with Excel without
the needfor humanintervention (suchas askingthe user
to save the contentsof the spreadsheetin someother for-
mat). Excel is weaker thanspreadsheetlanguagessuchas
Forms/3[1], andprovideslessinformationto build an ef-
fective checker. Nevertheless,becausewe do not have the
power to changepractice,we believe it is importantto con-
tendwith the vicissitudesof a mainstreamutility to make
ourwork mostwidely applicable.

Therestof this paperis organizedasfollows. Section2
motivatesourwork throughaseriesof examples.Theseex-
ampleslay thegroundwork for theformal materialthatfol-
lows. In particular, they presentsomeof thesubtletiesthat
arisein validatingspreadsheets;not treatingtheseweakens
prior work in thisarea.Section3 erectsaformal framework
for validatingspreadsheets,presentingjudgementrulesfor
units. In section4 we brie�y discusssomedetailsof our
implementation.Section5 describestheresultsweobtained
by testingsomeoff-the-shelfspreadsheets.The remaining
sectionspresentrelatedwork, directionsfor future work,
andconcludingremarks.

2. Moti vating Examples

In this sectionwe introducethe basicconceptsandde-
sired behavior of our unit checkingsystemby providing
several (intentionallysimple)examples.A very simpleta-
ble is shown in Figure1. Intuitively, theusershouldbeable
to add the numbersin eachrow and column of the table
becauseeachrow or columnconsistsof compatibleunits.
For example,cells B3 andB4 areboth in unitsof TVs, so
we canadd themtogetherto get anothernumberin units
of TVs. We canalsoaddcell B3 to C3, becausethey both
haveunitsof theyear2001.Theresult,D3, will bein units
of 2001, and moreover, we can abstractover the speci�c
typeof electronicdevice in eachcell anddeterminethatthe
resultis alsoin unitsof Electronics.On theotherhand,if
theusertries to addB3 andC4 (perhapsbecauseof a for-
mula error), this will causea unit-checkingerror, because
thesecells do not have eithera yearor a type of device in
common.

Figure 1. Electr onics Production by Year

Figure2 showsa slightly morecomplicatedtable.Here,
TVs andVCRs aresubdivided into threecategorieseach.

Figure 2. Electr onics Production Minus De­
fective Products

As before,we can perform an operationon cells B4 and
C4 becausethey both have units of 2001 and abstractto
unitsof TVs. We alsowantto beableto handlecolumnH,
which containsthe sumof defective TVs andVCRs. We
seethat cells C4 and F4 have the unit 2001 in common.
They arealsoboth ElectronicsandDefective, but they do
nothavetheintermediatecategoryof eitherTVs or VCRsin
common.Ideally, we would like our unit systemto capture
this informationby assigningthe resultunits of 2001and
DefectiveElectronics.

Figure 3. Electr onics Sales and Pro�ts

Finally, considerFigure3. If we follow thepatternlaid
out above, D3 will have units of the year2001andGross
Sales,becausewe will “abstract”over TVs andVCRsand
�nd that B3 and C3 have GrossSalesin common. This
seemsslightly odd,sinceGrossSalesis notasupercategory
of TVs and VCRs the sameway Electronicsis. We also
wantto subtractB9 from B3 to obtainB15, but B3 andB9
haveonly thesubcategoryTVs in common,andnocommon
supercategoryat all.

In theremainderof thispaper, wedescribeaunit system
that will allow us to performall theseoperations,aswell
aspreventingerrorssuchasaddingB4 to C5 in Figure2
(seeSection4 for theerrorreportdisplayedin this case)or
subtractingC9 from B3 in Figure 3. This unit systemis
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insensitive to thespeci�c arrangementof data,sothatif the
userchoosesto presentthedatain Figure3 differently(see
Figure4), theresultsof unit checkingwill bethesame.

Figure 4. Electr onics Sales and Pro�ts: Alter ­
native Layout

3. The Unit System

Wenow proceedto discussingourunit system,giventhe
previousexamplesof thedesiredbehaviour of our checker.
First we describeour modelof spreadsheets,de�ning key
conceptssuchasheadersandrelationships.We thenintro-
duceunits,thebasicelementsof oursystemuponwhicher-
ror checkingoccurs.In theheartof this section,we present
rules to govern how units may be built from spreadsheet
cells,startingwith simpleunits,beforeprogressingto more
complex units createdfrom cells containingmathematical
operations.

3.1. Headersand Relationships

We considerspreadsheetsto be comprisedof cell loca-
tions, values, andexpressions. Cell locationsaregivenby
their addresses,which we take from theExcelgrid system.
Valuesin spreadsheetsaretypically numbersor strings,but
may includeotherdatatypesaswell. Somecells contain
expressions,andmay includeoperationson the valuesof
othercells referencedby their locations.Theevaluationof
anexpressionyieldsa value.

A headeris a conceptthatde�nes thecommonunit for
a group of cells. Somecells containvaluesthat provide
namesfor headers,andwe call theseheadercells. For ex-
ample,in Figure1, B1 is a headercell containingthevalue
Electronics,which is the headerfor TVs, VCRs, andTo-
tal (in cell D2). We assumethat eachheadercell de�nes
a differentheader, unlessit containsa referenceto another

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

Note thata singlecell may have morethanoneheader.
For example,cell B3 in Figure1 hastwo headers,TVs and
2001. In addition, theremay be cells whoseheadersare
not de�ned explicitly by headercells. Figure3 illustrates
this situation.HeretheTVs andVCRscellsarebothelec-
tronic goods,sothey implicitly sharea headerwe will call
Electronics,thoughthereis nocell to indicatethis. Ourcur-
rent solutionto the problemof headerinferenceis to rely
on the userto identify the correctheaderunits. This ap-
proachis discussedfurther in section4. We assumein our
unit-checkingsystemthatall headersareknown.

Thereare two kinds of relationshipsthat canexist be-
tweenheadersin ourunit system.Theserelationships,com-
monto many typesystems,arethe is-a andhas-arelation-
ships. We usethe is-a relationshipfor both instancesand
subcategories,sothatin Figure1, wesaythat2001is-a (in-
stanceof) YearandthatTVs is-a(subcategoryof) Electron-
ics. Thehas-arelationshipgenerallydescribespropertiesof
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'sheadersandtherelationshipsthoseheadersparticipate
in. The simplestunit is theTop unit. Any cell thathasno
headershasunit Top. Examplesfrom Figure3 arecellsA2
(Year)andB1 (GrossSales).Headercellsthatparticipatein
is-a relationshipshavehierarchicalis-aunits,whichwede-
note with squarebrackets. The unit of cell C3 in Figure
2 (Defective) is thereforewritten Top[Electronics[TVs]].
Sinceall is-a hierarchiesareultimately derived from Top,
wewill generallyleaveTopoutwhendescribingunitsfrom
this pointonward.

Non-headercells have somewhat more complex units.
Theunit of everynon-headercell containsexactlyonehas-
a relationship,which we denotewith braces. This is be-
causea has-arelationshipuniquely identi�es the kind of
datapresentin a valuecell. If thereweremore thanone
has-arelationships,we would needto representmultiple
datavaluesin that cell, which is impossible.For thesame
reasonwe cannothave unitsmadeentirelyof is-a relation-
ships,althoughthehas-arelationshipmight beimplicit, as
describedbelow. In addition,non-headercellsmayhavean
arbitrarynumberof headers,eachof which de�nes its own
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is-a hierarchy. We createunits with multiple is-a hierar-
chiesusingthe � operator. For example,cell B3 in Figure
3 hastwo headers,2001andTVs. TheTVs headeris related
to theGrossSalesheaderby thehas-arelationship,so the
unit for B3 is:

Electronics[TVs]� GrossSales��� Year[2001]

Notethat, like otherheaders,theheaderde�ning thehas-a
portion of a cell's unit may not be explicitly given in the
spreadsheet.The tablesin Figures1 and 2, for instance,
do not list this headerexplicitly. However, we canseeby
lookingat thetablesthatthepropertydescribedby thedata
is aNumberor Quantityof electronicdevices.Thatis, each
setof deviceslisted in the tablehas-aQuantity. The unit
for cell B3 in Figure1 is thereforesimilar to the previous
example:

Electronics[TVs]� Quantity��� Year[2001]

Now that we have coveredheadersandunits,we focus
our attentionon the descriptionof well-formedunits. We
observethefollowing conventionsfor notation:

���	��

� is theis-aheaderfor headerd (possibly � )

������
�� is theunit for headerd

��������� is thesetof is-a headersfor thecell at locationa

��������� is theunit for thecell at locationa

��
���� ideniti�es a has-arelationshipbetweenheader
d andheaderh

� �!����� is thevalueof thecell at locationa

�#" $%�'&($*),+ $!-.+0/1/2/3+ $54
6./1/2/ 6768� is theshort-handrepresenta-
tion for a hierarchyof is-a relationships

�#" $%+ $!906:�;&<$
)

+0/1/2/2+ $
4

+ $59=676./1/2/ 6>� is an extensionof a hier-
archyof is-a relationships, "$ , with anotheris-a rela-
tionship, $

9

Thefour categoriesof elementsfor whichwecomputeunits
are:

1. Headers.Theunit for a headeris determinedby its is-
a relationships.Every headeritself haseitherzeroor
oneis-a headers.In theformercase,theheader'sunit
is Top1:

?

�!��
��@&

�

?

����
��A& Top

1Thebottompartof a judgementrule is whattheunit checker is ableto
infer basedon thepreconditionspresentin the top partof the judgement.
SeePierce's book[13] for adetailedexplanationof typesystems.

Otherwise,its unit is a concatenationof its header's
unit andits header'sname:

?

�	��

�@&B
.9
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We de�ne theunit of aheadercell to betheunit of the
headerit names.

2. Non-headercells containingvalues(i.e. userdata),
suchascell B3 in Figure1. Thesecells also obtain
units from their headers.Every cell containinguser
datamust have at leastone is-a header. Moreover,
theremustbeexactly oneis-a headerwith a has-are-
lationship. In the casewherea cell hasonly oneis-a
header, the cell's unit is formedby concatenatingits
header'sunit andheader'snameasaboveto obtainthe
is-apartof theunit, andaddingthehas-aheaderat the
end:

?

�������@&

�




�

?

����
��@&<" $

?
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?

�������O&<" $D+ 
N6

�

�

�

Whena datacell hasmorethanoneis-a header, each
is-a headerde�nes its own is-a hierarchy, andthe re-
sultsarecombinedusing`the& operator:

?

�������O&
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3. Cells containingreferencesonly, suchas cell E3 in
Figure2. The unit of a cell containinga referenceis
theunit of thecell it refersto.

?

�5�����@&^��9

?

�������@&������

9

�

4. Cellscontainingformulas,suchascell B5 in Figure1.
Thesecells containexpressionsinvolving mathemati-
caloperators,andtheresultingunit for thiskind of cell
dependsuponthe actualoperatorin use. We discuss
therulesneededfor ourunit systemto supportthefour
basicmathematicaloperators(+, -,*,/) in thefollowing
subsection.

3.3. Units and Mathematical Operators

In this sectionwe motivateanddescribethebehavior of
our systemwith regard to mathematicaloperations. The
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formal judgementsfor theseoperationsarelisted in full in
theAppendix. Thesectionintroducesthesejudgementsin
a lessformalway, makinguseof theExcelexamples.

We begin with thesimplestexample,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
quantities(the has-arelation)but we want theunion to be
describedby only thecommonpart of TVs andVCRs. In
ourunit notationthis meansthat:

Electronics[TVs]� Quantity� +
Electronics[VCRs]� Quantity�

whenunit-checkedshouldyield:

Electronics� Quantity�

Essentially, we want to keepthehas-apartunchangedand
performaunionoperation,� , on theis-apartof theunit. In
general,we have:

?

"$
)

�

�

�

?

"$
-

�

�

�

?

"$ )

�

�

���

"$5-

�

�

�

� "$*)

�

"$5-

�

�

�

Thus,whenwe addtwo units, if they have thesamehas-a
part,theresultis theunionof their is-apart.Thereis anun-
derlyingprincipleherethat is thecoreof theadditionrule:
in orderto addtwo unitstogether, they musthavesomething
in common(in this casethehas-apart). Now considerthe
casewherethetwo unitshave a commonis-a part. Hereis
avariantof theexamplein Figure3:

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

Clearly, we cannotperforma unionoperationon Costsand
Pro�ts, becausethey are both propertiesof the sameset,
namelyTVs. By addingCostsandPro�ts, we obtaina new
propertyof thesamesetof TVs. In general,this new prop-
erty will be someirreduciblecombinationof the two old
properties.Usingthe � combinatorto indicatethenew com-
poundproperty, theresultof thepreviousequationtherefore
becomes:

Electronics[TVs]� Cost � Pro�t �

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 �

Thisequationclearlyviolatesourprinciplestatingthatunits
must have either the is-a or the has-apart in commonin
orderfor theadditionto passthechecker. Intuitively, also,
weseethatthis is thekind of operationwewantto prevent,
asit couldonly resultfrom amistakemadeby theuser.

Weturnourattentionnow to the � rule,asit is animpor-
tantpartof theadditionoperation.Wequickly glancedover
it in the�rst exampleof thesection,whenweobtainedElec-
tronicsfrom Electronics[TVs] � Electronics[VCRs].The

� rule appliedto the is-a partsof the units,andcombined
themby retainingin theresultonly thecommonpartsof the
two units. Judgingfrom our �rst example,it might seem
thattheresultof theunionoperationwill alwaysbea more
generalunit thaneitherof thetwo arguments.But suppose
wewantto performa unionoperationon thesetwo units:

Electronics[TVs[Defective]] �

Electronics[VCRs[Defective]]

In thiscasewecouldalsosaythattheresultshouldbeElec-
tronics,but we would loseinformationcommonto thetwo
originalunits: thefactthatthey arebothdefective. Instead,
ourdesiredresultis:

Electronics[Defective]

The � operationthereforecombinesthe is-a partsof two
units creatinga new unit from all the commonfeaturesof
thetwo units,not just themostgeneralones.

To summarize,theadditionruleappliesonly to unitsthat
eitherhave identicalhas-aparts,in which casetheresultis
a � operationon their is-a parts;or identicalis-a parts,in
whichcasetheresultis a � operationon their has-aparts.

Now thatwe have seenhow additionworks,we will de-
scribesubtraction.As with addition,we wantto allow sub-
tractiononly betweencells thathave eitheridenticalhas-a
or is-a parts.We begin with the �rst case.In Figure2, the
Okaycolumnfor TVs requiresusto subtractthefollowing
two units:

Electronics[TVs[Total]] � Quantity� -
Electronics[TVs[Defective]] � Quantity�

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

Electronics[TVs]� Quantity�

We cannotbeany morespeci�c abouttheunit of theresult,
sincethereis no way to know in generalwhetherthe set
resultingfrom a subtractionoperationcontainsany items
of the subtractedtype. In other words, we may not have
subtractedall the defective TVs from the original set. We
only know that,sincebothoriginal setsweretypesof TVs,
wemuststill haveasetcontainingonly TVs (of sometype).
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Thisresultis satisfying,sinceit exactlymirrorsthebehavior
of addition,whereweapply � operatorto theis-aparts.

Now considersubtractingtwo unitswith a commonis-a
part,asin Figure3, wherethedatain thePro�t columnis
givenby:

Electronics[TVs]� GrossSales� -
Electronics[TVs]� Costs�

As with addition, the result is the combinationof the is-
a part,Electronics[TVs],anda new propertyderivedfrom
GrossSalesandCosts:

Electronics[TVs]� GrossSales� Costs�

Having seenhow additionandsubtractionwork, we can
concludethatany binaryoperatormustcorrectlyhandletwo
cases:identical is-a partsandidenticalhas-aparts. In the
caseof identicalis-a parts,theresultof theoperationis al-
waysa compoundof thetwo differenthas-aparts.For ex-
ample,in thecomputationfor theareaof a rectangle:

Shape[Rectangle]� Length���

Shape[Rectangle]� Width �

It is obvious we want to rememberthat the result is given
by thecombinationof LengthandWidth:

Shape[Rectangle]� Length � Width �

Weconclude,therefore,thatwhendealingwith identicalis-
a parts,any binaryoperatorreturnsa � combinationof the
has-apartsalongwith theis-apartastheresult.

Is the caseof identicalhas-apartsalsouniform across
all binary operators?We have seenthat both additionand
subtractionrequiretheuseof the � operatoronthedifferent
is-aparts.But supposewehave thefollowing equation:

Shape[Rectangle]� Length��� Shape[Square]� Length�

Clearly it doesnot make senseto have Shape� Length� as
the result. In fact, thereis no satisfactorycombinationof
the two is-a partsthat will accuratelydescribethe result.
However, wedonotwantto �ag thisasanerror, sincethere
mightbea legitimatereasonfor theuserto performthisop-
eration. Therefore,whendealingwith any binaryoperator
otherthan+ or -, theresultof combiningtwo unitswith dif-
ferentis-a partsandthesamehas-apart is alwaysTop�

�

�

(where� is thecommonhas-apart).
To obtainmeaningfulresultsfrom constructssuchas:

Shape[Square]� Length��� Shape[Square]� Length�

theidenticalis-a combination,� , takesprecedenceover the
identicalhas-acombination,� or Top.

Finally, wewill describetheand(&) operation.As noted
in section2, theunit of cell B3 from Figure1 is:

Electronics[TVs]� Quantity� & Year[2001]

The unit of a valuecell that hasmore thanoneheaderis
givenby the& constructoron theunits inferredfrom each
individualheader. Therearerestrictionson thetypesof the
unitsonwhichwecanperform&.

Eachheaderconveys a distinct propertyfor the datain
thecell, whichmeansthata well-formed& unit consistsof
different,headerinferred,units containingonly is-a parts,
with only oneof thempotentiallyhaving ahas-apart.Since
thereis only onehas-apartatmost,thedifferenceappliesto
theis-apartsof theunits.Two is-apartsaredifferentif and
only if their top labelsaredifferentbecauseonly thendo
thetwo is-a partsrepresentdisjoint dataproperties.The&
operationis idempotentto handlethespecialcasewhentwo
is-a partsareidentical. For example,ElectronicsandYear
areclearlydifferentsoit is correctto join themthrough&.
On theotherhand,

Electronics[TVs]& Electronics[VCRs]� GrossSales�

doesnot representa valid & unit operationbecauseboth
headersrepresentElectronicsand that contradictsour re-
quirementthattheheadersdiffer.

The& operationis distributivewith respectto any other
binary operationbetweenunits. For example,in Figure1,
cell B5 hasunit:

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

which reducesto:

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

We wanttheunit checker to performtheadditionon the
two is-aunitsasif therewereanemptyhas-apart,yielding
thefollowing result:

Electronics[TVs]� Quantity� & Year

We thus handle the reduction of Year[2001] +
Year[2002]usingthespecialcaseof theidenticalhas-arule
for binaryoperations,theonewith emptyhas-aparts.

4. Implementation

Our unit checker is implementedin the DrSchemepro-
grammingenvironment [6]. It has three components:a
GUI, an I/O layer that mediatesthe communicationwith
Excel,andtheunit checker itself.

Figure5 presentsthe GUI interface. The usercanstart
an instanceof a desiredspreadsheetwith theLoad File
button. Analyze will checkthe loadedspreadsheetonce
it is annotatedwith the right units. In earliersectionswe
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assumedthe existenceof a headerinferencealgorithm to
correctlyannotatecells with units basedon headerlabels.
Headerinferenceis 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 selectedeither with the mousein Ex-
cel,or textually enteredin theCell(s) Range(s) �eld
in the GUI, andtheir correspondingunit in the Cell(s)
Units �eld. TheAssign Units buttonupdates,in Ex-
cel, thecomment�eld of everycell from therangewith the
assignedunit. In the futurewe plan to provide a moreau-
tomatedprocessfor headerinference.To thatend,we may
do semanticanalysison headersto determinerelationships
with theaidof WordNet[5].

Figure 5. Unit Checker GUI

We use the MysterX [18] ComponentObject Model
(COM) extensionto DrSchemeto communicatewith Ex-
cel. AlthoughExcelhasa complex COM model(over 400
COM interfaces),we only needa few of thosefor our tool.
Examplesof the interfaceswe needare: Application ,
Worksheet , Irange . Eachof thesehasmethodsand

propertiesthrough which the applicationcan mimic any
userinteractionwith Excel. Our I/O layer implementsthe
functionality neededby the tool (such as coloring cells,
addingcommentsto cells,etc.)by usingMysterXmethods.

Unit errorsarereportedbackto theuserby coloringthe
offendingcells. Figure6 is similar to Figure2 exceptwe
have deliberatelyintroducedan error in cell D5. For each
errorcell, theusercandisplaytheinputcellsto theformula
in that cell by right clicking the mouse. In Figure 6 the
inputcellsfor D5 areB4 andC5. Therearetwo kindsof er-
rorsreportedback.Theunit errorsarethosewheretheunit
checker identi�ed a problemin the formula for thecell, as
is thecasewith cell D5. Therearealsopropagationerrors.
Thosearecells thatusea referenceto anothercell �agged
by theunit checkerascontaininganerror.

Our judgementsdo not dictatean order on checkinga
spreadsheet.In our currentimplementationwe assignunits
to value cells through the GUI. All the other cells will

Figure 6. Unit Error

containformulasandthereforetheir unitswill be inferred.
FromExcelweextractalist of all theformulasandthenunit
checkeachonein a recursive mannerby computingunits
for subformulas�rst andthencombiningthemby usingour
inferencerules. SinceExcel providescycle detection,we
do not concernourselveswith circularity andfurthermore
this approachis guaranteedto terminate.

Excel hasover 300 pre-de�nedfunctions. Thesefunc-
tionscanbegroupedtogetherbasedon their domains.For
example there are �nancial functions, matrix operators,
trigonometricfunctions,etc. We choserepresentativesof
eachof thesegroupsand implementedinferencerules for
thembasedonour baseinferencerules.In orderto befully
functional, our checker would needto implementjudge-
ment rules for all the functions; this is an importantstep
for transformingourchecker from a prototypeto aproduct.

5. Experimental Validation

Designinga type systemis not hard; thedif�culty is in
designingonethat(a)actuallycatcheserrrors,while (b) not
rejectingtoo many meaningfulprograms,all while (c) run-
ning in reasonabletime. The bestvalidation of our unit
checkerwouldbeto runit againstoff-the-shelfspreadsheets
andcheckfor all threecriteria.To thisend,weusedtheex-
amplesin a bookby Filby [14] on spreadsheetsfor science
andengineering. (None of the spreadsheetshad any unit
annotations.We usedour tool to annotatethevaluecells in
thosespreadsheetswith thecorrectunits.)At theoutset,we
did not expectto �nd errors;we wereprimarily interested
in whetherthe checker would rejectany (correct)spread-
sheets,andsecondarilyin how quickly it would run.

Thetablein Figure7 describesthespreadsheetsweused
to testour unit checker, andthe checker's performanceon
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Author Description Size Time COM Checker Error?

S.Leharne Acid BaseTitration 109 0:24 0:23 0:01
W.J.Orvis OscillationsFrequency 43 0:19 0:18 0:01

OscillationsEulerMethod 345 1:52 1:51 0:01
A.A. Gorni Cubic Crystalline SystemsX-Ray

Diffraction
83 0:40 0:39 0:01

W.J.Orvis ElectronDrift Velocity in GaAs 44 0:16 0:15 0:01
J.P. LeRoux CleavageStrikeDirection 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 FeigenbaumDiagram 1000 2:58 2:57 0:01
E. Neuwirth SimpleModel 54 0:07 0:06 0:01

ParametricModel 55 0:10 0:09 0:01
Complex Model 56 0:13 0:12 0:01
Complex Model with Table 75 0:19 0:18 0:01
Complex Model with 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 Viscometricmolecularweight 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 takenby thechecker.2

This time is largely anartifactof our useof theCOM Au-
tomationinterfaceto interactwith Excel; COM Automa-
tion is known to be slow, and its overheadcan be elimi-
natedby usingCOM Direct Interfacesor .NET. The next
two columnsindicatethedivisionof timebetweentheCOM
interfaceandtheactualchecker, whichclearlydemonstrates
thatmostof thetime is spentinteractingwith Excel,not in
thecoreof thecheckingprocedure.

Thelastcolumn,“Error?”, indicateswhetherourchecker
claimedto �nd an error in the correspondingspreadsheet.
The tableshows that it did reportonepurportederror. To
oursurprise,this is a genuineerrorin thepublishedspread-
sheet! The authorof that spreadsheetusesan Excel oper-
ator, FREQUENCY, that takestwo rangesof cells asargu-
ments. The secondrangeis incorrect: oneof the cells it
refersto containsnodata.

To run our checker, we mustannotatevaluecells with
units.This tookvery little time andeffort, becauseweused
the headerannotationson the tables. In particular, we did
not needto understandtheproblemdomainsto make these
annotations.Ourexperiencethereforesuggeststhattheunit
checker offers greatpromiseto be a useful tool for real-
world usersof spreadsheets.

2All timesarein minutes:seconds.

6. Relatedwork

Themostcloselyrelatedwork is theunit checker of Er-
wig and Burnett [2]. While basedon similar principles,
oursystemsaresigni�cantly different.Theirwork doesnot
distinguishbetweentheis-a andhas-arelationships,which
makestheirtypesystemmuchweakerandmuchmorelikely
to incorrectlyreporterrors. They ignoreoperatorssuchas
subtraction,whichareof obviousimportance.Furthermore,
they donotprovideanimplementationor experimentalval-
idation,whichwebelievewouldhaveeasilyidenti�ed these
weaknesses.(They discussaprototypeimplementationin a
subsequentpaper[3], but it is not graphical,doesnot inte-
gratecleanlywith a utility like Excel,andsuffers from the
weaknessesof their typing rules.)

To highlight the differencesin the coreof the unit sys-
tem, we presentthe following example of a reasonable
spreadsheetthatsuccessfullypassesour checker but would
fail in that of Erwig andBurnett [2]. In Figure4, we re-
arrangethe tablesin Figure3, andassumethat the header
inferenceis ableto infer thatTVs andVCRsarebothtypes
of electronicgoods. Considerthe operationin cell B15.
First we discusshow Erwig and Burnett's checker would
operatein this situation. In their system,cells B3 and
B9 have units All Electronics[TVs[Gross]]and All Elec-
tronics[VCRs[Gross]]respectively. The subsequentaddi-
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tion operationin cell B15 fails, becausethe hierarchiesof
the two units differ in their secondcomponents(TVs vs.
VCRs),despitethecommonthird componentof Gross.The
headerinferencecould conceivably reversethe hierarchy
of the units. Cells B3 andB9 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
subtractedfrom Gross[TVs]).Oursystemhandlesthiscase
in exactly the samemannerasdescribedabove. Cell B15
turnsout to beanadditionof:

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

All Electronics� Gross�

Cell D3 is:

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

All Electronics[TVs]� Gross� Cost�

This demonstratesthatdespiteany rearrangementof the
tables,providing the headerinferenceis ableto determine
therelationshipsin themannerabove,ourrulesmaybecon-
sistentlyapplied. Erwig andBurnett's systemis unableto
handleanintuitivewayof tabulatingdata,andnorearrange-
mentof headersis ableto accountfor thedifferencesin the
is-aandhas-arelationships.

Therehasbeenotherwork tacklingthespeci�c problem
of detectingerrorsin spreadsheets.Rothermelet al. [17]
apply an adaptationof testingmechanismsfor imperative
programsto spreadsheets.This aimsat detectingthemost
commonof spreadsheeterrors,cell referenceerrorsin cell
expressions[12], throughtheuseof data�o w adequacy cri-
teria.Theauthorsde�ne thedata�o w testadequacy criteria
employed, in termsof de�nition-use(du) associationsthat
areinvolved in visible cell outputs.Relying on userinter-
actionto validatethevaluesin cells, thesystemmarksdu-
associationsashaving beenexercised,andvisually re�ects
thepercentageof all du-associationsexercisedpercell with
shadesof colors. Rothermelet al. apply this kind of test-
ing to the Forms/3spreadsheetlanguage[1], whereasour
systempertainsto Excel spreadsheets.Speci�cally, Excel
spreadsheetsareableto detecttheuseof blankcells in cell
expressions.Thusthe typesof errorswe areableto detect
areof a differentnature,andthis belief is reinforcedif we
considerthe following example. In Figure1, supposethe
cell B5 containedthe cell expressionB3 + C4. Our unit
systemwould �ag anerrordueto theaddition:

Electronics[TVs]� Quantity�D� Year[2001]+
Electronics[VCRs]� Quantity�A� Year[2002]

However thesystemin [17] wouldnotbeableto detectthis
problemin Figure1.

Kennedy[8] describesan extensionof strongly-typed
programminglanguagesto includepolymorphicdimension
typesfor valueswithin thelanguage,stemmingfrom asimi-
larity betweenwell-typednessof programsanddimensional
consistency of mathematicalexpressions.Theauthorintro-
ducestheconceptsof basedimensionssuchaslength,mass,
time, etc. Thecounterto thesearederiveddimensions,for
exampleaccelerationwhich canbethoughtof aslengthdi-
videdby timesquared.Unitsarealsodiscussed.Theseunits
arenot to beconfusedwith theunitswecheck,but areunits
of measurement,suchasmeters,or kilograms. Baseunits
areusedto measurethebasedimensions.Alternative units
of measurementarejust a scalingof baseunits.

7. Conclusionand Future Work

In this paperwe have presenteda methodologyfor de-
tectingerrorsof asemanticnaturein spreadsheets.Wehave
introducedthe conceptof the is-a and the has-arelation-
ships,whoseessenceis found in a large numberof type
systems,into thedomainof spreadsheets.In theprocess,we
have enhancedthecompletenessof our systemin compari-
sonto existing work, by broadeningtherangeof units that
may passunit checking. This is importantbecauseusers
will disableachecker if it reportserrorsonvalid inputs.

Our implementationprovidesa simple interfaceto unit
check an Excel spreadsheet.While we have not delved
deeply into the problem of headerinferencefor a wide
rangeof spreadsheets,our unit checker is ableto detecter-
rorsin many caseswithout any additionalinformationthan
that presentin the spreadsheet,assumingheaderinference
whichwecurrentlydo throughmanualannotation.

Therearemany directionsfor futurework. To make this
systemtruly practical,we mustcompletethreetasks. The
�rst is to supportthe entiresuiteof Excel's built-in oper-
ators,so that we canhandleall spreadsheets.The second
is to performa detailedstudywith typical usersto assess
thestrengthsandweaknessesof our interface. Finally, we
have to make theoverall runningtime of thechecker much
smallerso that userscanintegratethis tool in their devel-
opmentcycle. Thereareat leasttwo major remainingre-
searchproblems.Oneis building anon-trivial headerinfer-
enceengine,preferablyonethat(a)makessigni�cant useof
naturallanguageprocessingtechniquesto maximizetheac-
curacy of its inferences,and(b) queriesusersto validateits
inferencesandusestheir feedbackto adaptively improveits
output. The other is to integrateKennedy's [8] dimension
checkinginto our system.
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A. Appendix: Unit inferencerules
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- All otherrelationsarede�ned in section3.2
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