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1 Intr oduction

In moststates,salestax is chargedwhenpurchasingitemsat storesandsometimesfor catalogor Internetsales.
Currently, thereareover seven thousanddifferenttax jurisdiction,eachwith its own tax rateandregulations.The
growth of Internet-basedshoppingandecommercepromisesto complicatetheconvolutedcodes.

Recently, theNationalGovernors’Associationproposeda simplifiedsalestax system[?]. Eachmerchandising
company would contractwith anindependentthird-partyorganizationto calculateandcollectsalestaxes,remitting
thefundsto theappropriatestategovernments.

1.1 Proposal

We proposeto constructan Internet-basedsalestax systemcapableof calculatingthe appropriatesalestax on a
groupof taxableandtax-exemptitemsfor any particulartax jurisdiction. Whensentanaddressanda list of items,
theserver programwill computethecorrectamountof salestax for theappropriatetax jurisdiction. To do so, the
programmustdeterminethe jurisdiction, its setof rulesfor which productsaretaxable,matchthis list againstthe
submitteditems,andthencomputethesalestax rate.

Thedesignandimplementationof theprogramwill revealwhichaspectsof proposedsalestax“schemes”canbe
automated.We will alsodevelopandjustify recommendationshow to simplify aspectsof currentsalestax systems
thatcannoteasilybeautomated.If successfulandour recommendationsareimplementedby statelegislatures,we
hopeto reducethecostof complyingwith salestax regulationsby anorderof magnitude.We mayalsobeableto
spin-off ourwork to form acompany specializingin salestax computationandcollection.

2 A Survey of the Curr ent SalesTax System

Thecurrentsalestax systemis characterizedby

� numeroustaxjurisdictions,someconsistingof verysmalltowns,eachhaving its own taxrateandmany having
their own salestax rules,

� collectioncostsborneby retailersbothwhenpurchasingitemsfrom suppliersandwhensellingto thepublic,
and

� no mandatorytax collectionwhensellingacrossstatelines.
�

c
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2.1 NumerousTax Rates

Salestax ratescanapplyto entirestates,individual cities, individual counties,andevenspecialtax districts. Cline
andNeubig[?] estimatetherearecurrentlyabout7500differenttax ratesin theUnitedStates.All but four states
imposea statewide salestax. Most statespermit local governments,e.g.,cities, counties,andtransitdistricts, to
imposetheir own taxes. (Seehttp://www.salestax.com/usmap.htm for a mapshowing which stateschargesalestax
and their different tax rates.) For example,considerCalifornia’s salestax structure. A statewide rateof 6.00%
is supplementedby a 1.25%countyandcity tax rate. Other tax districtscanfurther increaseandcomplicatethe
tax rate. For example,all of NevadaCounty, California,participatesin the0.125%NevadaCountyPublicLibrary
District while only Truckeeis in theTown of TruckeeRoadMaintenanceDistrict. Thus,thetax ratein thecounty
is either7.375%or 7.875%,dependingonone’s address.WashingtonState’ssimilar tax systemyields331different
tax rates[?] with twelve different tax rates. Texas’s five-level systemof a basestatewide tax, city taxes,county
taxes,transitdistricts,andspecialdistrict taxes(cappedat a maximum8.25%)is even morecomplicatedbecause
thedistrictsneednotobey countyor city boundaries.For example,

The De LeonHospitalDistrict is in ComancheCounty, which hasa countysalesandusetax, but the
district doesnot includeall of ComancheCounty. Thecity of De Leon is totally within the De Leon
HospitalDistrict. Theunincorporatedareasknown asComyn,Downing,andRuckerarelocatedwithin
the De Leon Hospital District. The unincorporatedareasof ComancheCounty in ZIP code76444
is totally within the De Leon Hospital District. The unincorporatedareasof ComancheCounty in
ZIP codes76442,76445,and76454arepartially within the De Leon HospitalDistrict. Contactthe
ComancheCountyTaxOfficeat254/893-2193for additionalboundaryinformation[?].

2.2 Collection Costs

Unlike many othertaxes,salestaxescollectioncostsaremainlyborneby retailers,not governmentagencies.When
selling to the public, companiescalculateandcollect salestaxes. The U.S. SupremeCourt decisionsof National
Bellas Hessv. Departmentof Revenueof the Stateof Illinois (386 U.S. 753, 1967) and Quill v. North Dakota
(504U.S.298,1992)[?] limit companies’responsibilitiesto collecta state’s salestax to thosehaving a significant
physicalpresencein that state. Thus,catalogandInternet-basedcompaniesneednot collect salestaxesfor most
states.Companieshaving a physicalpresencein only onestatefacesignificantcostsdealingwith salestaxes. A
WashingtonStateDepartmentof Revenuestudyshowedthetotal costof collectingandremittingsalestax for small
retailersis 6.47%of collectedtaxes,for mediumretailers3.35%,andfor largeretailers0.97%[?]. ClineandNeubig
estimatethe costof compliancefor a large sellerhaving a physicalpresencein fifteen statesis 8.3%of collected
taxesbecauseof thecomplexity of thenumeroustax regulations[?]. In additionto their obligationsto collectsales
taxesfrom their customers,many large businesstaxpayerspurchaseitemswithout payingsalestaxesbut mustfile
tax returnsdirectly for thesetaxablepurchases.Thus,stateshave legislatedthatbusinessesmustbeartheburdenof
thesalestaxsystem.To compensatebusinessesfor thesecosts,twenty-sixstatespermitbusinessesto keepaportion
of salestax collections[?, Chapter8]. ClineandNeubignotethesediscountsfrequentlycover lessthanfivepercent
of compliancecosts.

3 Many Proposalsfor Simplifying the SalesTax System

The increasingprevalenceof ecommercehasraisedawarenessof the complexity of the salestax system. The
taxationof electronicgoods,electronicdelivery of goods,andanonymoustransactionsfurthercomplicatesalestax
computations.Statesarealsoafraidof losingsalestax revenueto a quickly growing Internet-basedretail industry.
TheInternetTax FreedomLaw (Title XI of PublicLaw 105-277)forbid new taxeson Internetaccess,forbid taxes
thatwould multiply tax electroniccommerce,andestablishedtheAdvisory Committeeon ElectronicCommerceto
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investigatetheelectroniccommercetaxationissues.Theseelectroniccommercetax investigationshighlightedthe
currentcomplexity of thesalestax system.

The Advisory Committeesolicitedproposals,including proposalsregardingthe taxationof transactionscon-
ductedthroughtheInternet,askingto whatextenttheexistingsalesandusetaxadministrationshouldbesimplified.
Numerousproposalshave beensubmitted.Many of theserecommendedthecreationof third-partysoftwareto cal-
culate,compute,andcollect salestaxes. We illustratemany of the issuesby reviewing the relevant policy of the
NationalGovernors’Association.

Theassociationrecentlyadoptedapolicy callingfor “a streamlinedsalestaxwith simplifiedcompliancerequire-
ments[that] will ensurethatstatesarepreparedto supporttheglobalelectronicmarketplaceof thenext century”[?].
Amongtheprovisionsare

� onesalestax rateperstate,

� uniform andconsistentdefinitionsof goodsandservicesso that eachstatecandecidewhich itemsmay be
taxed,

� simplificationof theadministrationof salestaxes,and

� a requirementthat remotesellers,i.e., sellersshippingitemsacrossstatelines,collectsalestaxesevenwhen
shippingacrossstatelines.

Themostrelevantrecommendationis

to encouragetheestablishmentof a systemof independentthird-partyorganizationsthatwould be re-
sponsiblefor remittingtaxesto states.Remotesellerswoulduseasoftwarepackagepreapprovedby the
statesthatwouldcalculatethetaxdueonthepurchasebasedonthestateratewheretheitemis sent,and
electronicallyremit thattax to thecollectionorganization[?, Section12.2].

Summariesof thekey pointsof variousotherproposalsappearin Table1. For eachproposal,we list
� themethodusedto determinetheappropriatetax rateandtax jurisdiction,

� thetechniqueusedto determineanitem’s taxability,

� theproposedsalestaxcollectionagency, and

� otherissues.

Many proposalsrequireonesalestax rate per state. Theseproposals,confusingthe separateissuesof tax rates
and taxability of products,assumethat having over 7500different tax ratesis a sourceof complexity that needs
to be eliminated. The main sourceof complexity is the determinationof which items shouldbe taxed, which
shouldnot, and which are taxed at specialrates. Most proposalsproposecreationof uniform productcodesto
be usedto determinewhich productsare tax-exempt. While creationof productcodescould simplify salestax
computation,the authorhasnot seenany proposaldiscussingthe difficult taskof determiningan item’s category.
Oneexpensive possibility is to requireall manufacturersto relabeltheir productsto includetheir categories. An
alternative possibility to createthe “zero-burden” systemsof someproposalsis that the trustedthird-party that
calculatessalestaxes must be able to determinean item’s category. Thus, theseproposalsignore the issuesof
maintaining,updating,andusinga very largedatabase;given thevery large volumeof transactions,eachdatabase
accessmustoccurvery quickly. If the trustedthird-partydoesnot determineeachitem’s category, theburdenfalls
on thesellerso thesystemrequiresmuchmorethana zeroburden. As with theNGA’s proposals,mostproposals
posittheexistenceof oneor two trustedthird-partiesto calculate,compute,andcollectsalestaxes.Theauthoris not
awareof any suchproposalthataddresseswhetheroneor two companiesshouldbegivensuchmonopolisticpower.
Someproposalspositcomputationandcollectionby stateagenciesor multistateagencies.TheNGA proposalposits
a “systemof independenttax-partyorganizations,” thusseekingto usemarket forcesto reducecomputationand
collectioncosts.
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proposer tax regions taxability determina-
tion

collectionagency otherissues

American Institute of
Certified Public Ac-
countants

state-based uniform productcate-
gories

not mentioned ignores determining
item’s category and
collectionissues

eCommerceCoalition state-based uniform productcate-
gories

not addressed ignores determining
item’scategory

MichaelO. Levitt not addressed uniform productcate-
gories

“TrustedThird Party” ignores determining
item’scategory

ThomasA. McGuire’s
Zip CodeTax

zip-code-based uniform productcate-
gories

“Zip CodeTax Agen-
cy”

ignoresissueof deter-
mining item’s catego-
ry

Charles E. McLure,
Jr., (Hoover Institu-
tion)

stateandlocal-based nationalproductcate-
gories

eitherstatetaxagency
or trustedthird party

ignores determining
item’scategory

MPP&W Consultants ZIP+4 not addressed by third party ignoressizeof neces-
sary database(s)and
determining item’s
category

TaxwareInternational federal,state,local re-
gions

uses catalog control
numbersand “appro-
priate Commodity
Codes”

TransactionTax Serv-
er

illustration shows
product tax rate ma-
trix; no discussionof
databasesizes or ex-
istenceof commodity
codes

Table1: Key Pointsof SomeProposalsSubmittedto theAdvisoryCommitteeon ElectronicCommerce.

4 Our Prototype

Wewill developaprototypeInternet-basedsoftwarepackagecalculating,but not collectingandremitting,salestax
due. Therealreadyexist numerouscompaniesspecializingin collectionof moneys for Internet-andnon-Internet-
basedbusinesses,e.g.,CyberCashandCharge.com.Theexistenceof off-the-shelfincometaxprogramsandservices,
e.g., Quicken TurboTax and Kiplinger TaxCut, and electronicfiling, e.g., Internal RevenueService’s Electronic
FederalTaxPaymentSystemandCaliforniaFranchiseTaxBoard’s’selectronicservices,demonstratethatelectronic
filing is technologicallypossible.For individual companies,TaxwareInternationalandVertex provide softwareto
computesalestaxes,rates,andjurisdictions,but theserequireextensive customizingandmaintenance.Useof our
prototypewill beassimpleassendinganaddressanda list of itemsto aWWW addressandreadingtheresponse.

4.1 ExpectedResults

We predictour prototypewill demonstratewhich aspectsof theNationalGovernors’Association’s policy aretech-
nologicallypossibleto implementon today’s engineeringworkstations.Wepredictthat

� Requiringonesalestaxrateperstateis notnecessaryaslongastax jurisdictionboundariesdonotcrossZIP+4
postalcodeboundaries.We notethat it is theproliferationof tax jurisdictionseachhaving its own tax rules,
not theproliferationof tax rates,thatcausesdifficulty whencalculatingsalestaxes.

� Defining a uniform andconsistentdefinition of goodsandservicesis not by itself sufficient to permit fast,
accuratecomputationof salestaxes.Therealsoneedsto beamechanismto automaticallydetermineto which
category any particularitem belongs.Therearecurrentlyfour barriersto implementingthismechanism:
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– Thenumberof itemsavailablefor saleis probablyon theorderof hundredsof millions of items.1 Even
if, on average,only ten percentof the statesdiffer in their taxationof any particularitem, theamount
of information to storecan easily exceedthe amountof available virtual memoryon today’s 32-bit
computers.

– Many taxableitemssuchasfreight chargesandelectronically-deliveredsoftwarearenot currently la-
belledunderany commonly-agreedsystem.

– Even if every oneof the hundredsof millions of potentially-taxableitem is labelled,therestill exists
the difficulty of determiningtaxationof itemsthat aresold only once,e.g.,customcutsof lunchmeat
preparedatgrocerystoredeli counters.

– Thenumberof itemsintroducedandremoved from themarketplaceeachyearis probablyon theorder
of tenmillion items[?, Table896]. Evenwith a uniform definitionof goodsandservices,eachof these
itemsmustbecategorizedandtheinformationdistributedto thethird-partyorganizations.Manufacturers
and/orretailerswouldstill bearthesetax-compliancecosts.

� Our technologywill beanorderof magnitudecheaperto usethanexisting technologies.Usingthesalestax
serverwill beassimpleasformattingtheinputandoutputin thedesiredformat;nootherwork onacompany’s
partis necessary. Sincewewill beproviding aservicenotyet commerciallyavailable,we donotexpectto be
ableto quantitatively verify theclaim.

4.2 Simplifications and Assumptions

Ourprototype’s purposeis to computethesalestaxto chargefor agivenlist of itemsat thecorrecttaxratein agiven
tax jurisdiction. Our prototype,by definition,will not have dataon all possibleproductsandall possibletax rates
andjurisdictions.This is because

� collectingdatafor any significantsubsetof salableitems in even onetax jurisdiction would requirehiring
severalprofessionalsandseveralperson-yearsof work,

� thecurrenttax systemis overly complex, and

� our goal is to discernandsolve thecritical issuesin designinga programto calculatesalestax, not produce
production-quality software.

Wewill try to highlight

simplifications: to thecurrentsalestax systemnecessaryto automatetax calculationwithin a reasonableamount
of programmingeffort and

assumptions: madeto easecreationof ourprototype.

4.3 Prototype fr om the User’s Point of View

Theprototype’s purposeis to computethesalestax to charge for any given list of itemsat thecorrecttax ratefor
any tax jurisdiction. Thus,theuser, e.g.,a retailer, mustprovide enoughinformationto determinethe tax rateand
jurisdictionandalsoa list of possiblytaxableitems.Theprototypeserver will returnoneof four possibleanswers:

� thesalestaxdue,

� anerrorindicatingtheinput did nothave thecorrectformat,
1Inferencebasedon99.3million new productintroductionof consumerpackagedgoodsfrom 1980to 1997[?, Table896].
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� anerror indicatingtheserver wasnot ableto computethesalestax becausesalestax rulesareambiguousor
unknown itemshave beenspecified,or

� anerrorindicatinganinternalserver error.

4.3.1 Input

Most input mustbe separatedinto clausessurroundedby matchingleft andright parentheses.Whitespaceis not
importantexceptto separateterms.That is, input canbefreely formattedusingwhatever newlines, tabs,andextra
spacestheuserdesires.

An addresscanbespecifiedas
(address (zip+4 78212-7200))

or
(address (street 715 Stadium Drive) (city San Antonio) (state Texas)).

The leftmostentrymustbe thekeyword address andtherestof theclauseshouldconsistof enoughsubclauses
to uniquelydetermineaZIP+4postalcode.Eachsubclauseconsistsof akeyword followedby information.Among
thekeywordsare

street: specifies(possibly)a streetnumberandastreet

city: specifiesacity’s name

state: specifiesa stateeitherusingtheU.S.PostalService’s two-letterstateabbreviation or usingthestate’s entire
name

zip: afive-digitZIP postalcode

zip+4: anine-digitZIP+4postalcodewithoutahyphen

comment: acommentto beignored

Subclausesneednot occurin any particularorder, andkeywordsmayoccurany numberof timesbut only the last
occurrenceof eachkeyword is remembered.Enoughinformationmustbe provided for the United StatesPostal
Services’s ZIP+4 codelookupengineto determinetheaddress’s uniqueZIP+4 code. If botha five- andnine-digit
ZIP codesarespecified,thenine-digitcodeis used.Capitalizationis not important.

Itemsarespecifiedin anitems clause,whichconsistsof zeroor moreitem clauses.Eachof thelatterconsists
of enoughsubclausesto uniquelyspecifya particularitem, thenumberof units purchased,andtheprice. Among
permissiblekeywordsfor subclausesof item clausesare

number: specifiesthenonnegative integral numberof itemspurchased.Thenumbermaybespecifiedusingadecimal,
octal,or hexadecimalrepresentation.If this subclauseis missing,thedefault valueis one.

item: specifiestheUniversalProductCode(UPC)of theitem(s).Thecode,representedasastringof decimaldigits,
is mandatoryunlessataxable subclauseis present.

item-cost: specifiestheper-unit costof theitem.

total-cost: specifiesthetotal costof all items.

taxable: boolean,i.e., true or false, indicatingwhetherthe item is taxable.Thesaleof uniqueitemsmakesthis
field necessary. For example,an original paintingprobablydoesnot have a UPC codeand the burdenof

6



determiningtaxability mustbe placedon the retailer.2 If this subclauseis absent,the server determinesan
item’s taxability.

comment: acommentthatis ignored.

Keywordsmayappearany numberof timesin anitem clause,but only the lastoccurrenceof eachis remembered.
Pricesmaybenegative,e.g.,indicatingreturninganitem.

Assumption1 All priceswill berepresentedasmultiplesof U.S.cents.

To accommodateitemsthatmaybepricedusingfractionsof cents,thetotal-cost keyword permitsspecifying
thetotal costof all itemsof thesametypethatarepurchased.

Simplification 1 Wewill not considertaxationof shipping, handling, andcoupons.

Wehave not researchedcurrentsalestax rulesabouttheseitemssowecannotsaywhethersignificantsimplification
is necessarynorwhethercurrentguidelineswouldgreatlycomplicateprogrammingtheserver.

Input to theserver consistsof aninput clause.In any order, it musthave oneaddress subclauseandone
items subclauseandmayhave any numberof comment subclauses.

4.3.2 Output

Theserver’s outputconsistsof anoutput clause.It musthave onetax subcalusexor oneerror subclauseand
mayhave any numberof comment subclausesin noparticularorder. Exampleoutput clausesinclude

(output (tax 345))
and

(output (error unknown item) (comment (item 079068170000)))
Amongthepermissiblekeywordsare

tax: specifiestheamountof salestax to charge,in U.S.cents.

error: specifiesa reasonwhy thesalestaxcannotbecharged.Exampleerrormessagesincludebad input for-
mat, ambiguous tax laws, unknown item, andinternal server error.

comment: acommentto beignored.

4.4 Outline of the Server

The server’s two major tasksareto determinethe tax rateandjurisdictionandto determinethe taxability of each
item in thetax jurisdiction.WeproposeusingZIP+4postalcodesto determinetax ratesandjurisdictions.Thus,the
server consistsof threemajorcomponents:

� conversionof anaddressto its ZIP+4postalcode,

� convertingaZIP+4postalcodeto a tax rateandtax jurisdiction,and

� determiningthetaxabilityof eachitemaccordingto thetax jurisdictionrules.

Wesketcheachcomponentbelow.
2If taxability is baseduponproductcategories,this clausecould easilybe changedto relay the item’s category. Sincethe numberof

productcategoriesis likely to bemuchlessthanthenumberof UPCcodes,convertingcategoriesto taxabilitystatusis amucheasiertaskthan
convertingUPCcodesto taxability status.Thus,we omit this featurefrom our prototype.Regardlesstheretailer, not thetrustedthird-party,
mustdeterminethecategory.
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4.4.1 Tax Rates,Tax Jurisdictions, and ZIP+4 PostalCodes

As notedin Section2.1, therearecurrentlyover 7500different tax rates. The currentsalestax systemin some
states,e.g.,Texas,is toocomplicatedto easilydeterminea tax rate.A simplificationis necessaryto easilyautomate
determinationof tax ratesandjurisdictions.

Simplification 2 Tax ratesandjurisdictionsmaybeuniquelydeterminedusingZIP+4 postalcodes.

Onecouldalsousecensustractsor any otherpolitically-acceptable, fine-grainedgeographicmeasurethat is easily
determinedby asoftwareprogram.Amongtheadvantagesof usingZIP+4postalcodesare:

� Every U.S.addresshasalreadybeenassignedaZIP+4postalcode.

� ZIP+4postalcodesareeasilydeterminedfrom addresses.

� ZIP+4 postalcodesarevery fine-grained;postalcoderegions typically consistof a city block or an office
building. Thus,existing tax ratesandjurisdictionscanbevery accuratelyapproximated.

Thereareseveralpracticaldifficultieswith usingZIP+4postalcodes.Postalcoderegionsregularlychange.3 An
addressdoesnotnecessarilycorrespondto thecorrecttax rate.A Californiatax boardpublicationstates

It is notalwayspossibleto determinethecorrectratebasedsolelyon themailingaddress.For example,
a customermay live neara county line andhave a zip codeandcity namethat routesmail to a post
office in aneighboringcountywhichmayhaveadifferenttaxrate.If youreliedsolelyonthepostoffice
mailing addressto determinethetax rate,you would assumethecustomerlivedin a countyotherthan
theonein whichheor sheactuallyresides.As a result,youcouldapplyanincorrecttax rate[?, p. 1].

These“edgeeffect” difficulties will occurin any salestax systemwith differing tax rates;consumerswill seekto
minimizetaxesby shifting purchasesto decreasetax rates.Thus,we do not seekto resolve thispolitical difficulty.

Wealsoassumeonly oneaddressis needed.

Assumption2 Only oneaddressis neededto determinethesalestax.

Sometax jurisdictionschargetaxesaccordingto botha product’s origin anddestinationaddresses.For example,in
Texas,local salestaxesarecollectedbasedon thebusiness’s locationwith theexceptionof transittaxes.

Transittax is collecteddifferently from otherlocal taxes. The key elementis whereyou deliver your
serviceor product. Transitsalestax is dueon all taxableitemsdeliveredfrom a placeof businessin
a transitauthorityto a locationin thesameauthority. Transitsalestax is not dueon goodsor services
deliveredto a locationoutsidethe transitauthority. But you mayneedto collect transitusetax if that
delivery is madeto a locationinsideanothertransitauthority. [?]

Thesetax rulescouldbeincorporatedinto a production-qualityserver without significantadditionalspace,time,or
programmingrequirements.

4.4.2 Determining the ZIP+4 PostalCode

Given an address,the server will determinethe correspondingtax rateandjurisdiction usingthe address’s ZIP+4
postalcode. For theprototype,we will usetheU.S.PostalService’s (USPS)ZIP+4 CodeLook-upEngineserver
if the ZIP+4 postalcodeis not alreadyspecified. USPSuseguidelinespermit only occasionaluseof the server,
referringheavy usersto companiesthat provide similar services.The production-qualityserver could useoneof
theseservices.

Addressescouldbestoredin address objects.Theoperationsaddressesmustsupportinclude:
3Add moreinformation!
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� storingaddressfields, including theability to changea field’s contents.Most fields will probablybe repre-
sentedasstringsor unsigned ints.

� print theaddressin a form understandableby theUSPSZIP+4server, and

� yield thefirst three,five,andninedigits of theaddress’s ZIP+4postalcode.

4.4.3 Determining the Tax Rate and Jurisdiction

GivenaZIP+4postalcode,theserverdeterminesthecorrespondingtaxrateandjurisdiction. If this informationwas
storedin a tablewith onerow perpostalcode,this would just involve finding thecode’s row andreturningthetax
rateandjurisdiction.Unfortunately, thetable’s sizerequirestoomuchmemoryto bepractical.

Thenäıve implementationwith onerow perpostalcodecould requireup to onebillion rows to storeinforma-
tion aboutten thousandtax rates,a redundancy factor of onehundredthousand.Using similarities betweenthe
geographiclayoutof postalcodesandtax rates,wecanreducethetable’s size:

� Many stateshave onetax ratefor theentirestate,e.g.,Kentucky, Michigan,andIndiana.

� ZIP codeshaving thesamefirst threedigits usuallyfall within thesamestate.

� Many tax regionscontainmany five-digitZIP coderegions.

� Few tax regionssplit five-digitZIP coderegions.

� Very few tax regionssplit five-digitZIP coderegions.

We will usethreeseparatehashtablesto convert from a ZIP+4 postalcodeto a tax rateanda jurisdiction. A
hashtableis a tablepermittingfast lookup. More precisely, eachrow consistingof a key andan item. Given the
key, thehashtablewill yield theassociateditem. Thehashtabledatastructureusesrandomnessto quickly find (in
constanttime) thekey andits associateditem.

The first-tier hashtablecontainsthe nine-digit ZIP codesin different tax rateregionsthanthe corresponding
five-digit ZIP code. For example,supposemostof the94301postalcoderegion is taxed at 8.25%but the94301-
2301postalcoderegion is taxedat 4.56%. Thenine-digithashtablewill have a 943012301entryof 4.56%while
thefive-digit hashtablewill have a 94301entryof 8.25%.Associatedwith eachnine-digitZIP codeis eithera tax
rateandjurisdictionor anindicationof failure. If thelookupfails,we shouldusethesecond-tierhashtable.

Thesecond-tierhashtablecontainsthefive-digit ZIP codeswith differing tax ratesthantheir parentthree-digit
ZIP codetax rates.Associatedwith eachfive-digit ZIP codeis eithera tax rateandjurisdiction. If thelookupfails,
we shouldusethethird-tierhashtable.

Thethird-tierhashtablecontainsthree-digitZIP codes.Associatedwith eachthree-digitZIP codeis eithera tax
rateandjurisdiction. If thelookupfails, theserver shouldindicateit couldnotcomputethesalestax.

ThreerequireddatatypesareZIP, taxRate, andtaxJurisdiction. A ZIP is anopaquetypestoredin
anaddress object.Theaddress objectshouldsupport

� storageof aZIP+4postalcode,

� retrieval of thefirst threedigits of thecode,

� retrieval of thefirst fivedigits of thecode,

� retrieval of theentirecode(without thehyphen).

Thehashtablesneedonly considertaxRate andtaxJurisdiction typesasopaquetypes,i.e., no opera-
tionsarenecessary. Operationswill bedescribedbelow.

Weomit discussionof storageof theZIP code,tax rate,andtax jurisdictioninformationandcreationof thehash
tables.
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4.4.4 Computing the SalesTax on a List of Items

Givena tax rate,a tax jurisdiction,anda list of items,themostdifficult stepto computesalestax is to determinethe
taxability of eachitem. A lessimportantstepis roundingthesalestax accordingto thejurisdiction’s rules.We will
first concentrateon determiningtaxability.

Simplification 3

Each itemis eithertaxedor not taxed,dependingonlyon thetax jurisdiction,not thetax rate.

Currently, salestax ratesvary accordingto bothgeographyanditem. For example,visitorsto HarrisCounty, Texas,
pay a rentalcar salestax ratesof 15%,while mostlocal residentspay a salestax rateof 8.25%on mostphysical
goods.Salestax ratesfor gasoline,telecommunications,water, andotheritemsalsovary from the“default” 8.25%
rate.As weshallsee,determininganitem’s taxabilityalreadyrequiresahugeamountof spaceevenwithouthaving
to recordthespecializedsalestax ratefor individual items.

Simplification 4 Everyitemis identifiedbya uniqueidentifier.

As we have discussedabove, thetrustedthird party, not theretailer, determinesthetaxability of itemsandneedsa
way to uniquelyidentify any itemsoldby any retailer.

Assumption3 Everyitemhasa universal productcode(UPC)code.

For this prototype,we assumethat every item sold by a retailer hasa UPC code. The Uniform CodeCouncil
administerstwelve,thirteen,andsoonfourteendigit numbersusedto identify products.For example,mostretailand
grocerystoresuselaserscannersthatautomaticallyreadUPCbarcodesto computeeachcustomer’s purchasecost.
Although decentralized,therealreadyexist waysto distribute products’UPC codesfrom suppliersto distributors
andretailers.It shouldnotbedifficult for trustedthird partiesto obtainsimilar information.

Conceptually, item taxability can be storedin a tablehaving one row per item and as many columnsas tax
jurisdictions.Unfortunately, the table’s sizeis prohibitively large. We conjecturethat thereareaboutonehundred
million different itemssold in the United Stateseachyear4 andat leastseveral hundreddifferenttax jurisdictions
so the table’s sizewould be at leastseveral gigabytes,larger thanthe largestpossiblevirtual memoryon many of
today’ 32-bit computers.A realisticupperboundis onebillion itemsandten thousandtax jurisdictions,requiring
on the orderof ten trillion bits of information. This estimateis basedon a commentby DennisEpley of the UC
Council [?]. He saidmostUCC membershave lessthanonethousanditems.Sincetheoriginal UPCschemehada
six-digit company field, theupperboundof ����� follows.5 This muchinformationwould not fit even in thestorage
devicesof today’s largeengineeringworkstations.

We reducethetable’s sizeby assumingthatmosttax jurisdictionswill have thesametaxationrulesfor a given
item. Thatis, for any particularitem,westoreadefaultvalueof eithertaxedor nottaxedandalist of taxjurisdictions
with differentvalues. At the very leastthe table’s sizewill still be several hundredmillion bytesbecauseit must
storeat leastten million items,eachidentifiedby at leasta twelve-bytenumberandhaving a one-bytetaxability
status.In practice,weexpectthetableto beoneto two ordersof magnitudelarger.

Becauseof thetable’s size,we will storetheinformationasa setof files, ratherthanin memoryor in onehuge
file. Eachfile identifiedby a six-digit numberwill containtaxability informationof all itemsbeginningwith those
six digits. This correspondsnicely with theUPCencodingof a company asits first six digits. Usinga setof files
permitseasieradditionandremoval of entriesandrelatively quicksearchfor individual items.A production-quality

4SeeSection4.1for a justificationof this number.
5Our claimedupperboundmayactuallybeanunderestimatefor two reasons.TheEAN-13 systemusesthirteendigits,not thetwelve of

UPC codes.Secondly, theUCC is now introducingvariablelengthcompany fields having six to eleven digits, presumablybecauseit will
otherwiserunout of company prefixes[?].
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systemmight try to storethecontentsof mostfrequentlyusedfiles in mainmemoryandmightalsoexploretradeoffs
betweenthenumberof files andfile sizes.

As for the addressformat, eachitem’s taxability entry is surroundedby matchingleft andright parentheses.
Whitespaceis unimportantexceptto separateterms.For example,anitem’s taxability canbespecifiedas

(taxability (upc 033200190103) (default taxable) (unknown nyc) (nontaxable ct wa tx ca))
TheleftmostentrymustbetheUPCcodeandtherestof theclauseshouldconsistof enoughsubclausesto identify
theitem’s taxability. Eachsubclauseconsistsof akeyword followedby theinformation.Amongthekeywordsare

upc: specifiestheitem’s UPCcode.This is a requiredsubclause.

default: specifiesthedefault taxability of anitem usingtaxable, nontaxable, or unknown. If this subclauseis
omitted,anitem is assumedtaxable.If morethanoneclauseis present,thevalueof thelastoneis used.

taxable: is followedby a (possiblyempty)list of tax jurisdictions.

nontaxable: is followedby a (possiblyempty)list of tax jurisdictions.

unknown: is followedby a (possiblyempty)list of tax jurisdictions.

comment: acommentthatis ignored

Exceptingthe upc subclause,subclausesneednot occur in any particularorder, and keywords may occur any
numberof times,but ataxjurisdictionmayoccuronly onceamongall thesubclauses.Thealgorithmfor determining
anitem’s taxability in aparticularjurisdictionis:

1. If thetax jurisdictionexplicitly occursin asubclause,thekeyword indicatesthetaxability.

2. Otherwise,if adefault taxability is specified,thatdeterminesthetaxability.

3. Otherwise,theitem is assumedto betaxable.

If no entryfor aparticularitem is found,weconsiderits taxabilitynotFound.
We will implementa function that,given a tax jurisdictionandan item, returnswhetherthe item is taxed,not

taxed,is unknown whethertaxed,or is anunknown item.
Given a function determiningthe taxability of any particularitem, we computesalestax on a list of itemsby

summingtogetherthe total costof all taxableitems,multiplying by thesalestax rate,androundingto thenearest
cent.

Assumption4 All tax jurisdictionscomputesalestax by first totalling thecostof all taxableitems,multiplyingby
thesalestax rate, andthenrounding.

Although otheralgorithmsarepossible,we assumethatall tax jurisdiction explicitly or implicitly requirethis
algorithm.Evenif this assumptionis not true,we conjecturethat theotheralgorithmshave similar complexity and
caneasilybeimplementedin aproduction-quality server.

Few tax jurisdictionspublishclearguidelinesfor roundingsalestax amounts.We conjecturethatmostjurisdic-
tion requireany amountgreaterthanor equalto half acentto beroundedupto onecentandany amountstrictly less
thanhalf acentto beroundeddown. Someotherplausibleroundingschemesinclude

� roundingany fractionof acentup,

� roundingany fractionof acentdown, and,

� if thefractionbeginswith a5, roundingup onecentif thenext digit is evenanddown otherwise.
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Accordingto aBoardof Equalizationemployee,California’s guidelinesfor rounding[?] are:

1. Computethesalestax in cents.

2. Truncatethesalestax to have four digits afterthedecimalpoint.

3. Roundup onecentif theamountafterthedecimalpoint is 0.5000or greater.

To accommodatetheseroundingconcerns,thetaxJurisdiction objectcouldhaveaprivateroundingfunc-
tion. Takinganamountrepresentingcents,the functionwould returnthe roundednumberof centsasanCost. It
couldalsohave a memberfunctionreturningthesalestax amountgivenataxRate objectandthecostof taxable
items.

5 A FewNontechnicalIssuesConcerning Trusted Third Parties

Evenif all of our findingsareimplementedby legislaturesandtrustedthird parties(TTP), retailerswould still bear
coststo dealwith asalestax system.

First, retailers’recordswould needto beauditedto ensurethey submittingall taxabletransactionsto a trusted
third partyfor salestax collection.Thisauditingburdenis likely to becomparableto otherauditingburdenretailers
alreadyface.

Second,for trustedthird partiesto beasefficientaspossible,thesepartiesshouldbeindependentcompanies,not
governmentagencies.Theseindependentcompanieswould competeto provide goodserviceat reasonableprices
with retailerspayingfor theservices.Thus,thecostof complyingwith salestaxeswould still fall on retailers,not
thegovernment.Eventhoughgovernmentswould not have a direct incentive to reducethecostof complyingwith
salestaxlaws,theservicecostsof trustedthird parties,setby market forces,wouldclearlyindicatethesecompliance
costs.Thus,governmentswouldbeableto measurethetradeoff betweenincreasingsalestaxcomplexity to increase
revenueandtheresultingincreasein revenue.

Third, a trustedthird party mustbe trustedby its customers,contractingretailers. As part of its business,a
trustedthird partywould have accessto someor all of a retailer’s salesinformation.Dishonesttrustedthird parties
couldsell thissalesinformationto competitorsor to suppliers.Concernedretailerscouldeithercontractwith several
trustedthird partiessothatnooneTTPhasaccessto all of its salesinformationor operateits own salestaxdivision.
If salestax computationandcollectionis performedby independentcompaniesratherthangovernmentagencies,
a market in tax computationandcollectionsoftwarecould develop so concernedcompaniescould have their own
divisions.

Fourth,usingtrustedthird partiesraiseslegal liability issues.If a TTP computestheincorrectsalestax or fails
to remit all collectedsalestax, is thecontractingretaileror theTTP responsible?Thus,legislaturesmustnot only
simplify thesalestax systembut alsoestablisha legal framework for TTPs.
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