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Abstract

There are many commonspreadsheetrrors that
traditional spreadsheesystemslo not help usersfind.
This paper presentsa statically-typed spreadsheet
languagethat adds additional information about the
objects that the spradsheetvalues represent. By
annotating values with both units and labels, users
denoteboth the systemof measuementin which the
valuesare expessedas well as the propertiesof the
objectsto which the valuesrefer This informationis
used during computation to detect some invalid
computationsand allow usersto identify propertiesof
theresultingvalues.

1. Intr oduction

In this paper we introduce a new spreadsheet
systemcalled SLATE (OASpreadsheetanguagefor
AccentuatingType ErrorsO)Thefull SLATE systemis
describedn [1]. By separatinghe unit from the object
of measurementand defining new semanticsfor
spreadsheetso that both the unit and the object of
measuremerdretakeninto considerationSLATE can
help usersfind somekinds of errorsin spreadsheets,
which is important because 20% to 40% of
spreadsheetontainerrors[2].

By redefining the semantics of traditional
spreadsheet operations, such as addition and
multiplication, the system can generate additional
information aboutresultsthat revealsformula errors.
For example a usermight mistakenlymultiply pounds
of apples by the price per pound of oranges.A
traditional spreadsheeshowing only values, as in
Figure 1, would hide this error by displayingonly the
result in dollars. SLATE reveals the problem by
showingthat the result has propertiesof both apples
andorangesasshownin Figure2.

Like SLATE, othersystemshavehadthe goal of
improving on the spreadsheeparadigm.Apples and
Oranges[3] is the most closely related work. In it,

Erwig and Burnett developeda unit systemwhereby
the systeminferred units for cells usinga headercell

inferencealgorithm [5]. The systemflags cells if its

inferencealgorithm suggestsan error Ahmad et al.

developeda type systemthat usesa notion of header
cells (similar to [3]) to define types, using is-a and
has-arelationships,and requiresusersto specify the
headercells [4]. However it exposescomplex unit

information to users, and unlike SLATE, the
information availableto its unit systemis limited to

headersn spreadsheets.

Apples (per 1b.) Oranges (per lb.)
$0.45 $0.50
Fruit Fruit Sold (Ibs.) Revenue
Apples 312 $140.40
Oranges 399 $179.55

Figure 1. An incorrect calculation in
a spreadsheet.
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Figure 2. The spreadsheet from Figure 1,
using SLA TE. The revenue for oranges is
incorrect. SLA TE computed the contents of
the Revenue cells, including the labels.



3.An Example: Orchard Records

In Figurel, auserattemptedo calculaterevenues
for two typesof fruit: applesand orangeslnsteadof
multiplying eachweight of fruit by the corresponding
cost, the useraccidentallymultiplied eachweight by
the cost per pound of apples. Conventional
spreadsheetsnly displaythe resultof the calculation,
so the sourceof the erroris not visible. Spreadsheets
that consideronly units would not reveal this error
either sinceboth valuesunderconsideratiorhavethe
sameunits: $ / Ib. The mistakehasbeenhidden,only
to befoundby a carefulinspectionof theformulas.

SLATE reveals errors by displaying additional
information in the cells: in addition to displaying a
unit, it displaysa label, which is a list of attributes
pertainingto the value in the cell. When displaying
labels, SLATE enclosesthem in parenthesesto
visually separatéghemfrom the unit.

In Figure2, the samecalculationfrom Figure 1 is
performedin SLATE. In the ORevenue@blumn, the
amountsare treatedas measurementsf fruit. Cell B5
measureshe costof applesCell B6, howevey appears
to measurethe cost of fruit that is simultaneously
applesandorangesThis is obviouslywrong; the user
expectedhecell to haveonly theattributesof oranges,
sincethe calculationhasnothingto do with apples By
computing and displaying theselabels basedon the
labelsthe userenteredor the original information,the
systemcanhelpusersdetectotherwisehiddenerrors.

4. Language

In SLATE, everycell valuehastwo corresponding
attributes:a unit and a label. Units, suchas metersor
kilograms, capture information about the scale at
which the measuremenwastakenandthe dimensions
of themeasuremenSLATE addslabels which define
characteristicof the objectsof measurementA cell
referring to 25 poundsof applesmight read O25Ibs.
(apples)Qin this example the labelis (apples)A cell
referringto applespickedin Septembemight havethe
label O(applesSeptember)®ecausehe value in the
cell hascharacteristicef bothapplesandSeptember

SLATE mustbe customizablgo work with many
differentkinds of objects.For examplea construction
companyexpectsa spreadshedb understanglywood
andconcretea farm expectst to understandruit and
vegetables.Thus, each spreadsheetefers to a unit
contextand a label context. The unit contextdefines
the base units: the primitive units that, when
multiplied, form otherunits.

The label contextforms the core of our research.
The structure of the label context reflects the
observatiorthatmanyreal-worldconceptsandobjects

are hierarchical.Operationsare defined on the labels
so that generalizationsup the hierarchy take place
where appropriate. Therefore,the label contextis a
tree,whereeachnodeis a particularconcept.Thereis
an edgefrom noden: to noden: if objectsof type nz
have all of the propertiesof objectsof type ni. For
examplejn thesmalllabelcontextin Figure3, thereis
anedgefrom OApples@® OReddeliciousthecauseed
deliciousare a kind of apple.The Something node
representshe mostgeneraltype of object;it is named
as suchto warn the user of a potentially dangerous
generalization.

Expressiongother than thosethat have errorsin
evaluation)may be addedor subtractedf andonly if
they have equivalentunits This restriction maintains
the standardinterpretation of units. Becauseunits
expressthe measurementsystem, permitting these
operationdor valuesof differentunits would resultin
nonsenseTo determinethe label of the result of an
addition or subtractionoperation,SLATE derivesthe
leastgenerallabel thatincludesall of the propertiesin
bothof theoperands.

Forexampleusingthe contextin Figure3:

5 1lbs. (apples) + 2 1lbs. (oranges) = 7 lbs. (fruit)

because apples and oranges are both fruit.
Similarly, in a context where Septemberhas been
defined:

5 1lbs. (apples, September) + 2 1lbs. (oranges,
September) = 7 lbs (fruit, September).

Notice how applesandorangesare combinedinto
fruit, but becauseSeptembelis in both labels, it is
copiedinto thefinal label.

The goal of this choice of definition of addition
and subtractionis for the labelsto succinctlyexpress
the propertiesof the resultingobject. Addition canbe
thoughtof asa union of setsof objects.The label of
the resultexpresseshe propertiesthat are guaranteed
of an arbitrary element of the result. The only
propertiesthat can be guaranteedare thosethat are
sharecamongall the objectsin the set.

When two non-error values are multiplied or
divided, the result® unit is the product or quotient,
respectively of the units of the operands.Errors

Something
a
/Apples/ \(;ranges
Red Delicious Granny Smith

Figure 3. A small label context.



propagateif anoperandchasan errorin evaluation,so
doesthe result. Multiplication and division of labels
are definedso that the resultlabel includesall of the
propertiesof the operands@bels.The resultinglabel
is the union of the operands@bels,with ancestorsf
ancestodescenderpairsremoved For example:

2 gty. (apples) * $0.50 / gty. (apples) =
$1.00 (apples)

2 gty. (apples) * $0.50 / gty. (oranges) =
$1.00 (apples, oranges)

The goal of the choice to include all the
propertiesof the operandsvasto revealerrors,rather
thanhiding them.Errorsarehighlightedbecausdabels
unexpectedly contain irrelevant properties. An
alternativeis to includeonly the propertiescommonto
both operands,similar to addition and subtraction,
above. This representsa tradeof betweenrecording
the history of the compu:tationNperhapsresulting in
large, unreadablelabelsNor erasingit, and hiding
potential errors. However spreadsheetsare not
frequently usedto computeproductsof large setsof
items,and chainsof computationtendto be relatively
short,sothelarge,unreadableases notcommon.

Note that we chose different definitions for
multiplication and division of labelsthanfor addition
and subtraction.lt is commonin spreadsheet® add
values with disparateobjects of measurementand
showingall the labelsfor all thesecasesvould be too
hardto read.However this meanshat somereference
errors in  summationswill not be highlighted by
SLATE.

5. Userlinterface Issues

One central factor that determines SLATE®
effectivenesds the easewith which usersmay enter
labels.If userschoosenot to enterlabels,the system
doesnot provide benefits.Currently usersmusttype
units and labels as text. This has the advantageof
permittingusersto enterdatawith only a keyboard A
disadvantagehowever is thatusersmustremembeto
type them correctly andlearnthe syntaxof units and
labels.

It would be advantageouto havea GUI tool for
enteringunitsandlabels.Units could be enteredwith a
sequenceof pop-up menus,with one per baseunit,
with text boxesfor exponentsSincethe label context
is a hierarchy it would belogical to choosenodesin a
manneranalogoudo other hierarchicalsystemssuch
asfile systems.

Creatingthe unit and label contextsis somewhat
more complex. Fortunately not all usersneedto do
this; it suffices for one expertuserto createcontexts
for a large group of userswith similar needs.Users

could usea hierarchicaleditor, for example,to create
labelcontexts.

Header inference techniquesfrom Apples and
Orangeg[3] could be adoptedin SLATE: the system
could infer somelabel information from the headers.
Also, it is importantto evaluate SLATE with user
studies;this is vital both for demonstratindSLATE®
ability to help usersdetecterrors. The systemmust
alsobetestedwith large contextsanddatasetsto show
its effectivenesswvith large amountsof data.

6. Conclusions

SLATE represents new approachto spreadsheet
formula error detection. By considering objects of
measuremerit additionto units of measurementt is
possibleto detecterrorsthatwould be hiddenin other
systemsAlthough usertestsarerequiredto determine
whetherit will be effectivein practice, SLATE hasthe
potentialto uncoveranewclassof errors.
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