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1 Intr oduction

In moststates,salestax is chaged when purchasingtems at storesand sometimedor catalogor Internetsales.
Currently thereareover seventhousandlifferenttax jurisdiction, eachwith its own tax rateandregulations. The
growth of Internet-basedhoppingandecommerce@romisedo complicatethe corvolutedcodes.

Recently the NationalGovernors’Associationproposeda simplified salestax system[?]. Eachmerchandising
compary would contractwith anindependenthird-partyorganizationto calculateandcollectsalestaxes,remitting
thefundsto theappropriatestategovernments.

1.1 Proposal

We proposeto constructan Internet-basedalestax systemcapableof calculatingthe appropriatesalestax on a
groupof taxableandtax-exemptitemsfor ary particulartax jurisdiction. Whensentanaddressinda list of items,
the sener programwill computethe correctamountof salestax for the appropriateiax jurisdiction. To do so, the
programmustdeterminethe jurisdiction, its setof rulesfor which productsaretaxable,matchthis list againstthe
submittedtems,andthencomputethe salestax rate.

Thedesignandimplementatiorof theprogramwill revealwhich aspect®f proposedalegax“schemes’tanbe
automatedWe will alsodevelop andjustify recommendationsow to simplify aspect®of currentsalestax systems
that cannoteasilybe automatedlIf successfuandour recommendationareimplementedy statelegislatureswe
hopeto reducethe costof complyingwith salestax regulationsby anorderof magnitude.We may alsobe ableto
spin-of ourwork to form acompary specializingn salestax computatiorandcollection.

2 A Survey of the Curr ent SalesTax System

Thecurrentsalestax systemis characterizedby

e numeroudaxjurisdictions,someconsistingof very smalltowns,eachhaving its own taxrateandmary having
their own salesaxrules,

e collectioncostsborneby retailersbothwhenpurchasingtemsfrom suppliersandwhensellingto the public,
and

e nomandatornytax collectionwhensellingacrossstatelines.
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2.1 NumerousTax Rates

Salestax ratescanapplyto entirestatesjndividual cities, individual counties,andeven specialtax districts. Cline
andNeubig[?] estimatethereare currentlyabout7500differenttax ratesin the United States.All but four states
imposea statevide salestax. Most statespermitlocal governmentsg.g., cities, counties,andtransitdistricts, to
imposetheir own taxes. (Seehttp://wwwsalestax.com/usmapnhfor a mapshaving which stateschage salestax
andtheir differenttax rates.) For example,considerCalifornia's salestax structure. A statevide rate of 6.00%
is supplementedby a 1.25%county andcity tax rate. Othertax districts canfurtherincreaseand complicatethe
tax rate. For example,all of NevadaCounty California, participatesn the 0.125%NevadaCountyPublicLibrary
District while only Truckeeis in the Town of Truckee RoadMaintenanceDistrict. Thus,thetax ratein the county
is either7.375%or 7.875%,dependingn ones addressWashingtorStates similar tax systemyields 331 different
tax rates[?] with twelve differenttax rates. Texass five-level systemof a basestatavide tax, city taxes, county
taxes, transitdistricts,and specialdistrict taxes (cappedat a maximuma8.25%)is even more complicatedbecause
thedistrictsneednot obey countyor city boundariesFor example,

The De Leon Hospital District is in ComancheCounty which hasa county salesandusetax, but the
district doesnot includeall of ComancheCounty Thecity of De Leonis totally within the De Leon
HospitalDistrict. Theunincorporatedreasknowvn asComyn,Downing, andRucker arelocatedwithin

the De Leon Hospital District. The unincorporatedareasof ComancheCountyin ZIP code 76444
is totally within the De Leon Hospital District. The unincorporatedareasof ComancheCountyin

ZIP codes76442,76445,and 76454 are partially within the De Leon Hospital District. Contactthe
ComancheCountyTax Office at 254/893-2193or additionalboundaryinformation[?].

2.2 Collection Costs

Unlike mary othertaxes,salestaxescollectioncostsaremainly borneby retailers,not governmentagencies\When
selling to the public, companiesalculateand collect salestaxes. The U.S. SupremeCourt decisionsof National
Bellas Hessv. Departmentof Revenueof the Stateof lllinois (386 U.S. 753, 1967) and Quill v. North Dakota
(504 U.S.298,1992)[?] limit companiestesponsibilitiedo collecta states salestax to thosehaving a significant
physicalpresencen that state. Thus, catalogand Internet-based@ompaniesieednot collect salestaxesfor most
states.Companieshaving a physicalpresencen only one statefacesignificantcostsdealingwith salestaxes. A

WashingtorStateDepartmenbdbf Revenuestudyshavedthetotal costof collectingandremitting salestax for small
retailersis 6.47%of collectedtaxes,for mediumretailers3.35%,andfor largeretailers0.97%[?]. ClineandNeubig
estimatethe costof compliancefor a large sellerhaving a physicalpresencen fifteen statesis 8.3% of collected
taxesbecausef the compl«ity of the numerougax regulations[?]. In additionto their obligationsto collectsales
taxesfrom their customersmary large businesdaxpayergurchasatemswithout payingsalestaxesbut mustfile

tax returnsdirectly for thesetaxablepurchasesThus,stateshave legislatedthat businessemustbearthe burdenof

the salegax system.To compensatbusinessefor thesecosts twenty-sixstatepermitbusinesseso keepa portion
of salegax collections[?, Chaptei8]. Cline andNeubignotethesediscountdrequentlycover lessthanfive percent
of compliancecosts.

3 Many Proposalsfor Simplifying the SalesTax System

The increasingprevalenceof ecommercehasraisedawarenesof the compleity of the salestax system. The
taxationof electronicgoods,electronicdelivery of goods,andanorymoustransactiongurther complicatesalestax
computations Statesarealsoafraid of losing salestax revenueto a quickly growing Internet-basedetail industry
The InternetTax FreedomLaw (Title XI of PublicLaw 105-277)forbid new taxeson Internetaccessforbid taxes
thatwould multiply tax electroniccommerceandestablishedhe Advisory Committeeon ElectronicCommercdo



investigatethe electroniccommercdaxationissues. Theseelectroniccommerceax investigationshighlightedthe
currentcompleity of the salesax system.

The Advisory Committeesolicited proposals,ncluding proposalsegardingthe taxationof transactionson-
ductedthroughthe Internet,askingto whatextentthe existing salesandusetax administratiorshouldbe simplified.
Numerousproposaldave beensubmitted.Many of theserecommendethe creationof third-partysoftwareto cal-
culate,compute,and collect salestaxes. We illustrate mary of the issueshy reviewing the relevant policy of the
NationalGovernors’Association.

Theassociatiomecentlyadoptedapolicy callingfor “a streamlinegalesaxwith simplifiedcomplianceequire-
mentgthat] will ensurehatstatesarepreparedo supporttheglobalelectronicmarketplaceof thenext century”[?].
Amongtheprovisionsare

e onesalestaxrateperstate,

e uniform and consistendefinitionsof goodsand servicesso that eachstatecan decidewhich itemsmay be
taxed,

o simplificationof theadministratiorof salesaxes,and
e arequirementhatremotesellers,i.e., sellersshippingitemsacrossstatelines, collect salestaxesevenwhen
shippingacrossstatelines.
Themostrelevantrecommendatiors

to encouragehe establishmenof a systemof independenthird-party organizationghatwould bere-
sponsibldor remittingtaxesto statesRemotesellerswould usea softwarepackagereapproedby the
stateghatwould calculatehetax dueonthepurchasdasednthe stateratewheretheitemis sent,and
electronicallyremit thattax to the collectionorganization?, Section12.2].

Summarie®f the key pointsof variousotherproposalsappeain Tablel. For eachproposalwe list
o themethodusedto determinethe appropriatdax rateandtax jurisdiction,

thetechniqueusedto determineanitem’s taxability,

the proposedsalestax collectionageng, and

e otherissues.

Many proposalsrequire one salestax rate per state. Theseproposalsconfusingthe separatassuesof tax rates
andtaxability of products,assumehat having over 7500 differenttax ratesis a sourceof compleity that needs
to be eliminated. The main sourceof compleity is the determinationof which items should be taxed, which
shouldnot, and which are taxed at specialrates. Most proposalsproposecreationof uniform productcodesto
be usedto determinewhich productsare tax-exempt. While creationof productcodescould simplify salestax
computationthe authorhasnot seenary proposaldiscussinghe difficult task of determininganitem’s cateyory.
One expensve possibility is to requireall manufcturersto relabeltheir productsto include their cateyories. An
alternatve possibility to createthe “zero-turden” systemsof someproposalsis that the trustedthird-party that
calculatessalestaxes must be able to determinean item’s catgyory. Thus, theseproposalsignore the issuesof
maintaining,updating,andusinga very large databasegiven the very large volume of transactionseachdatabase
accesgnustoccurvery quickly. If the trustedthird-partydoesnot determinesachitem’s cateyory, the burdenfalls
on the sellersothe systemrequiresmuchmorethana zeroburden. As with the NGA's proposalsmostproposals
positthe existenceof oneor two trustedthird-partiesto calculate compute andcollectsalegaxes. Theauthoris not
awareof ary suchproposathataddressewhetheroneor two companieshouldbe givensuchmonopolisticpower.
Someproposalpositcomputatiorandcollectionby stateagencie®r multistateagenciesThe NGA proposabosits
a “systemof independentax-partyorganization$, thus seekingto use market forcesto reducecomputationand
collectioncosts.



proposer

taxregions

taxability determina-
tion

collectionageny

otherissues

American Institute of
Certified Public Ac-
countants

eCommerceCoalition

Michael O. Levitt

ThomasA. McGuire’s
Zip CodeTax

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

MPP&W Consultants

Taxwarelnternational

state-based

state-based
notaddressed

zip-code-based

stateandlocal-based

ZIP+4

federal,state Jocal re-
gions

uniform productcate-
gories

uniform productcate-
gories
uniform productcate-
gories
uniform productcate-
gories

nationalproductcate-
gories

notaddressed

uses catalog control

numbersand “appro-
priate  Commodity
Codes”

not mentioned

notaddressed
“TrustedThird Party”

“Zip CodeTax Agen-
o

eitherstatetax ageny
or trustedthird party

by third party

Transactionlax Serv-
er

ignores determining
item’s catggory and
collectionissues
ignores determining
item’s category
ignores determining
item’s category
ignoresissueof deter
mining item’s catego-
ry

ignores determining
item’s category

ignoressize of neces-
sary database(s)and

determining item’s
category
illustration shows

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

Tablel: Key Pointsof SomeProposalssubmittedto the Advisory Committeeon ElectronicCommerce.

4 Our Prototype

We will developa prototypelnternet-basedoftwarepackagecalculating but not collectingandremitting, salestax
due. Therealreadyexist numerouscompaniespecializingin collectionof monegys for Internet-andnon-Internet-
basedusinesses.g.,CyberCastandChage.com.Theexistenceof off-the-shelfincometax programsandservices,
e.g., Quicken TurboTax and Kiplinger TaxCut, and electronicfiling, e.g., Internal Revenue Services Electronic
FederalTax PaymentSystemandCaliforniaFranchisefaxBoards's electronicservicesgdemonstrat¢éhatelectronic
filing is technologicallypossible.For individual companiesTaxware InternationalandVertex provide softwareto
computesalestaxes, rates,andjurisdictions,but theserequireextensie customizingandmaintenancelUse of our
prototypewill beassimpleassendinganaddressandallist of itemsto a WWW addressandreadingtheresponse.

4.1 ExpectedResults

We predictour prototypewill demonstratevhich aspect®f the NationalGovernors’ Associations policy aretech-
nologically possibleto implementon todays engineeringvorkstations We predictthat

e Requiringonesaledaxrateperstateis notnecessargaslongastaxjurisdictionboundarieslonotcrossZIP+4
postalcodeboundariesWe notethatit is the proliferationof tax jurisdictionseachhaving its own tax rules,
notthe proliferationof tax rates thatcausedglifficulty whencalculatingsalesaxes.

e Defining a uniform and consistentdefinition of goodsandservicesis not by itself sufficient to permit fast,
accuratecomputatiorof salesaxes. Therealsoneeddo bea mechanisnio automaticallydetermingo which
cateyory ary particularitem belongs.Therearecurrentlyfour barriersto implementingthis mechanism:



— Thenumberof itemsavailablefor saleis probablyon the orderof hundredsf millions of items! Even
if, on average,only ten percentof the statesdiffer in their taxationof ary particularitem, the amount
of informationto store can easily exceedthe amountof available virtual memoryon todays 32-bit
computers.

— Marny taxableitems suchasfreight chagesandelectronically-deliered software are not currently la-
belledunderary commonly-agreedystem.

— Evenif every oneof the hundredsof millions of potentially-taxablatem is labelled,therestill exists
the difficulty of determiningtaxationof itemsthatare sold only once,e.g.,customcuts of lunchmeat
preparedat grocerystoredeli counters.

— Thenumberof itemsintroducedandremoved from the marketplaceeachyearis probablyon the order
of tenmillion items[?, Table896]. Evenwith a uniform definition of goodsandservicesgachof these
itemsmustbe cateyorizedandtheinformationdistributedto thethird-partyorganizationsManufacturers
and/orretailerswould still bearthesetax-compliancesosts.

e Ourtechnologywill be anorderof magnitudecheapeto usethanexisting technologiesUsingthe salestax
senerwill beassimpleasformattingtheinputandoutputin thedesiredormat;no otherwork onacompan’s
partis necessarySincewe will be providing aservicenotyet commerciallyavailable,we do not expectto be
ableto quantitatvely verify theclaim.

4.2 Simplifications and Assumptions

Our prototypes purposds to computethesaledax to chagefor agivenlist of itemsatthecorrecttax ratein agiven
tax jurisdiction. Our prototype,by definition, will not have dataon all possibleproductsandall possibletax rates
andjurisdictions.Thisis because

e collectingdatafor ary significantsubsetof salableitemsin even onetax jurisdiction would require hiring
several professionalsndseveral person-yearsf work,

e thecurrenttax systemis overly comple, and

e ourgoalis to discernandsole the critical issuesn designinga programto calculatesalestax, not produce
production-qualit software.

We will try to highlight

simplifications: to the currentsalestax systemnecessaryo automatetax calculationwithin a reasonablemount
of programmingeffort and

assumptions: madeto easecreationof our prototype.

4.3 Prototype from the User’s Point of View

The prototypes$ purposeis to computethe salestax to chage for ary givenlist of itemsat the correcttax ratefor
ary taxjurisdiction. Thus,the user e.g.,aretailer mustprovide enoughinformationto determinethe tax rateand
jurisdictionandalsoallist of possiblytaxableitems. The prototypesener will returnoneof four possibleanswers:

o thesalestaxdue,

e anerrorindicatingtheinputdid not have the correctformat,

Inferencebaseddn 99.3million new productintroductionof consumepackagedjoodsfrom 1980to 1997[?, Table896].



e anerrorindicatingthe sener wasnot ableto computethe salestax becausesalestax rulesareambiguousor
unknawvn itemshave beenspecified por

e anerrorindicatinganinternalsener error.

4.3.1 Input

Most input must be separatednto clausessurroundedy matchingleft andright parenthesesWhitespaces not
importantexceptto separateéerms. Thatis, input canbe freely formattedusingwhateser newlines, tabs,andextra
spacesheuserdesires.
An addresganbe specifiedas
(address (zip+4 78212-7200))
or
(address (street 715 StadiumDrive) (city San Antoni o) (state Texas)).
The leftmostentry mustbe the keyword addr ess andthe restof the clauseshouldconsistof enoughsubclauses
to unigquelydeterminea ZIP+4 postalcode.Eachsubclauseonsistsof a keyword followed by information. Among
thekeywordsare

st r eet : specifiegpossibly)a streethumberanda street
ci ty: specifiesacity’sname

st at e: specifiesa stateeitherusingthe U.S. PostalServices two-letter stateabbreviation or usingthe states entire
name

Zi p: afive-digitZIP postalcode
Zi p+4: anine-digitZIP+4 postalcodewithouta hyphen
comrent : acommento beignored

Subclauseseednot occurin ary particularorder andkeywords may occurary numberof timesbut only the last
occurrenceof eachkeyword is remembered.Enoughinformation mustbe provided for the United StatesPostal
Servicess ZIP+4 codelookup engineto determinethe address uniqueZIP+4 code. If botha five- andnine-digit
ZIP codesarespecifiedthe nine-digitcodeis used.Capitalizationis notimportant.

ltemsarespecifiedn ani t ens clausewhich consistof zeroor morei t emclausesEachof thelatterconsists
of enoughsubclauses$o uniquely specify a particularitem, the numberof units purchasedandthe price. Among
permissiblekeywordsfor subclausesf i t emclausesare

nunber : specifieghe nonngative integral numberof itemspurchasedThe numbermay be specifiedusinga decimal,
octal,or hexadecimakepresentationf this subclausés missing,thedefault valueis one.

i t em specifiegsheUniversalProductCode(UPC)of theitem(s). Thecode representedsa stringof decimaldigits,
is mandatoryunlessat axabl e subclausés present.

i t em cost : specifieghe perunit costof theitem.
t ot al - cost : specifieghetotal costof all items.

t axabl e: boolean,.e.,t rue orf al se, indicatingwhetherthe item is taxable. The saleof uniqueitems makesthis
field necessary For example,an original painting probablydoesnot have a UPC codeand the burden of



determiningtaxability must be placedon the retailer? If this subclauseés absentthe sener determinesan
item’s taxability.

comrent : acommenthatisignored.

Keywordsmay appearary numberof timesin anitem clause put only thelastoccurrencenf eachis remembered.
Pricesmaybe negative, e.g.,indicatingreturninganitem.

Assumption1 All priceswill berepresenteds multiplesof U.S.cents.

To accommodat#emsthat may be pricedusingfractionsof centsthet ot al - cost keyword permitsspecifying
thetotal costof all itemsof the sametypethatarepurchased.

Simplification 1 We will notconsidertaxationof shipping handling andcoupons.

We have notresearchedurrentsalesax rulesaboutthesatemssowe cannotsaywhethersignificantsimplification
is necessaryor whethercurrentguidelineswould greatlycomplicateprogramminghe sener.

Input to the sener consistsof ani nput clause.In ary order it musthave oneaddr ess subclauseandone
i t ens subclausendmayhave ary numberof contrent subclauses.

4.3.2 Output

Thesener’s outputconsistof anout put clause.lt musthave onet ax subcaluseor oneer r or subclausend
may have ary humberof conmrent subclauses no particularorder Exampleout put clausesnclude
(out put (tax 345))
and
(out put (error unknown item (comrent (item 079068170000)))
Amongthe permissiblekeywordsare

t ax: specifiesheamountof salesaxto chage,in U.S.cents.

er r or : specifiesareasonwhy the salesax cannotbe chaged. Exampleerrormessagemcludebad i nput for-
mat , anbi guous tax | aws,unknown itemandi nternal server error.

comrent : acommento beignored.

4.4 Outline of the Serwer

The sener’s two majortasksareto determinethe tax rate andjurisdiction andto determinethe taxability of each
itemin thetaxjurisdiction. We proposeusingZIP+4 postalcodeso determingax ratesandjurisdictions.Thus,the
sener consistof threemajorcomponents:

e corversionof anaddresso its ZIP+4 postalcode,
e cornvertingaZIP+4 postalcodeto a tax rateandtaxjurisdiction,and
e determiningthetaxability of eachitem accordingto thetax jurisdictionrules.

We sketcheachcomponenbelow.

2If taxability is basedupon productcategories, this clausecould easily be changedo relay the item’s cateyory. Sincethe numberof
productcataoriesis likely to bemuchlessthanthe numberof UPCcodesgconverting categyoriesto taxability statuss amucheasiettaskthan
corverting UPC codesto taxability status.Thus,we omit this featurefrom our prototype.Regardlesgheretailet not the trustedthird-party
mustdeterminehe category.



4.4.1 Tax Rates,Tax Jurisdictions, and ZIP+4 Postal Codes

As notedin Section2.1, thereare currently over 7500 differenttax rates. The currentsalestax systemin some
statesge.g., Texas,is too complicatedo easilydetermineataxrate. A simplificationis necessaryo easilyautomate
determinatiorof tax ratesandjurisdictions.

Simplification 2 TaxratesandjurisdictionsmaybeuniquelydeterminedusingZIP+4 postalcodes.

Onecouldalsousecensudractsor ary otherpolitically-accepdble, fine-grainedgeographianeasurahatis easily
determinedy a software program.Amongtheadwantage®f usingZIP+4 postalcodesare:

e EveryU.S.addreshasalreadybeenassigned ZIP+4 postalcode.
e ZIP+4postalcodesareeasilydeterminedrom addresses.

e ZIP+4 postalcodesare very fine-grained;postalcoderegions typically consistof a city block or an office
building. Thus,existing tax ratesandjurisdictionscanbe very accuratelyapproximated.

Thereareseveralpracticaldifficultieswith usingZIP+4 postalcodes Postalcoderegionsregularly change® An
addressloesnot necessarilxorrespondo the correcttax rate. A Californiatax boardpublicationstates

It is notalwayspossibleto determinehe correctratebasedsolelyonthe mailing addressFor example,
a customemay live neara countyline and have a zip codeand city hamethat routesmail to a post
officein aneighboringcountywhich mayhave adifferenttaxrate.If youreliedsolelyonthepostoffice
mailing addresgo determinethe tax rate,you would assumehe customedivedin a countyotherthan
theonein which he or sheactuallyresides As aresult,you couldapplyanincorrecttax rate[?, p. 1].

These"edgeeffect” difficultieswill occurin ary salestax systemwith differing tax rates;consumerwill seekto
minimizetaxesby shifting purchase$o decreas¢ax rates.Thus,we do not seekto resolhe this political difficulty.
We alsoassumenly oneaddresss needed.

Assumption2 Only oneaddressis neededo determinethe salestax.

Sometax jurisdictionschage taxesaccordingto both a products origin anddestinatioraddressed-or example,in
Texas,local salestaxesarecollectedbasedn the business locationwith the exceptionof transittaxes.

Transittax is collecteddifferently from otherlocal taxes. The key elementis whereyou deliver your
serviceor product. Transitsalestax is dueon all taxableitemsdeliveredfrom a placeof businessn

atransitauthorityto alocationin the sameauthority Transitsalestax is not dueon goodsor services
deliveredto alocationoutsidethe transitauthority But you may needto collecttransitusetax if that
delivery is madeto alocationinsideanothertransitauthority [?]

Thesetax rulescould beincorporatednto a production-qualitysener without significantadditionalspacetime, or
programmingequirements.

4.4.2 Determining the ZIP+4 Postal Code

Givenanaddressthe sener will determinethe correspondindax rate andjurisdiction usingthe address ZIP+4
postalcode. For the prototype,we will usethe U.S. PostalServices (USPS)ZIP+4 CodelLook-up Enginesener
if the ZIP+4 postalcodeis not alreadyspecified. USPSuseguidelinespermit only occasionalise of the sener,
referringheary usersto companieghat provide similar services. The production-qualitysener could useone of
theseservices.

Addressegouldbestoredin addr ess objects.Theoperationsaddr ess esmustsupportinclude:

3Add moreinformation!



e storingaddresdields, including the ability to changea field’s contents.Most fields will probablybe repre-
sentedasst ri ngsorunsi gned ints.

e printtheaddressn aform understandablby the USPSZIP+4 sener, and

o yield thefirst three five,andninedigits of theaddress ZIP+4 postalcode.

4.4.3 Determining the Tax Rate and Jurisdiction

GivenaZlP+4 postalcode thesenerdetermineshecorrespondingax rateandjurisdiction. If thisinformationwas
storedin atablewith onerow perpostalcode,this would just involve finding the codes row andreturningthe tax
rateandjurisdiction. Unfortunately thetable’s sizerequiressoo muchmemaoryto be practical.

The ndve implementatiorwith onerow per postalcodecould requireup to onebillion rows to storeinforma-
tion aboutten thousandax rates,a redundang factor of one hundredthousand. Using similarities betweenthe
geographidayoutof postalcodesandtax rateswe canreducethetables size:

e Mary stateshave onetaxratefor theentirestate e.g.,Kentucly, Michigan,andindiana.
e ZIP codeshaving the samefirst threedigits usuallyfall within the samestate.

e Marny tax regionscontainmary five-digit ZIP coderegions.

o Feaw taxregionssplit five-digit ZIP coderegions.

e Veryfew tax regionssplit five-digit ZIP coderegions.

We will usethreeseparatéashtablesto convert from a ZIP+4 postalcodeto a tax rateanda jurisdiction. A
hashtableis a table permittingfastlookup. More precisely eachrow consistingof a key andanitem. Giventhe
key, the hashtablewill yield the associatedtem. The hashtabledatastructureusesrandomnesso quickly find (in
constantime) thekey andits associatedem.

The first-tier hashtable containsthe nine-digit ZIP codesin differenttax rate regionsthanthe corresponding
five-digit ZIP code. For example,supposanostof the 94301 postalcoderegion is taxed at 8.25%but the 94301-
2301 postalcoderegion is taxed at 4.56%. The nine-digithashtablewill have a 943012301entry of 4.56%while
thefive-digit hashtablewill have a 94301entry of 8.25%. Associatedvith eachnine-digitZIP codeis eitheratax
rateandjurisdictionor anindicationof failure. If thelookupfails, we shouldusethe second-tiehashtable.

Thesecond-tiehashtablecontainsthe five-digit ZIP codeswith differing tax ratesthantheir parentthree-digit
ZIP codetax rates.Associatedvith eachfive-digit ZIP codeis eitheratax rateandjurisdiction. If thelookupfails,
we shouldusethethird-tier hashtable.

Thethird-tier hashtablecontainghree-digitZIP codes. Associatedvith eachthree-digitZIP codeis eitheratax
rateandjurisdiction. If thelookupfails, the sener shouldindicateit could not computethe salestax.

ThreerequireddatatypesareZl P, t axRat e, andt axJuri sdi cti on. A ZI P is anopaquetype storedin
anaddr ess object. Theaddr ess objectshouldsupport

e storageof a ZIP+4 postalcode,
o retrieval of thefirst threedigits of the code,
o retrieval of thefirst five digits of the code,

o retrieval of theentirecode(withoutthe hyphen).

Thehashtablesneedonly considert axRat e andt axJur i sdi ct i on typesasopaquetypes,i.e., no opera-
tionsarenecessaryOperationswill bedescribedelow.

We omit discussiorof storageof the ZIP code tax rate,andtaxjurisdictioninformationandcreationof the hash
tables.



4.4.4 Computing the SalesTax on a List of Items

Givenataxrate,ataxjurisdiction,andalist of items,the mostdifficult stepto computesalestaxis to determinehe
taxability of eachitem. A lessimportantstepis roundingthe salestax accordingto the jurisdiction’s rules. We will
first concentrat®n determiningtaxability.

Simplification 3
Ead itemis eithertaxedor nottaxed,dependingnly onthetax jurisdiction, notthetaxrate

Currently salestax ratesvary accordingto bothgeographyanditem. For example,visitorsto Harris County Texas,
pay a rental car salestax ratesof 15%, while mostlocal residentsay a salestax rate of 8.25%on mostphysical
goods.Salestax ratesfor gasoline telecommunicationsyater andotheritemsalsovary from the “default” 8.25%
rate.As we shallsee determininganitem’s taxability alreadyrequiresa hugeamountof spaceavenwithout having
to recordthe specializedsalegax ratefor individual items.

Simplification 4 Everyitemis identifiedby a uniqueidentifier

As we have discussedibove, the trustedthird party not theretailer determineghe taxability of itemsandneedsa
way to uniquelyidentify ary item sold by ary retailer

Assumption3 Everyitemhasa univessal productcode(UPC) code

For this prototype,we assumethat every item sold by a retailerhasa UPC code. The Uniform Code Council
administerdwelve, thirteen,andsoonfourteendigit numberausedto identify products.For example mostretail and
grocerystoresuselaserscannershatautomaticallyreadUPC bar codesto computeeachcustomers purchaseost.
Although decentralizedtherealreadyexist waysto distribute products’UPC codesfrom suppliersto distributors
andretailers.lt shouldnotbedifficult for trustedthird partiesto obtainsimilar information.

Conceptually item taxability can be storedin a table having onerow peritem and as mary columnsas tax
jurisdictions. Unfortunately the tables sizeis prohibitively large. We conjecturehatthereare aboutonehundred
million differentitemssoldin the United Stateseachyeaf andat leastseveral hundreddifferenttax jurisdictions
sothetables sizewould be at leastseveral gigabytes]arger thanthe largestpossiblevirtual memoryon mary of
today’ 32-bit computers.A realisticupperboundis onebillion itemsandtenthousandax jurisdictions,requiring
on the orderof tentrillion bits of information. This estimateis basedon a commentby DennisEpley of the UC
Council[?]. He saidmostUCC membershave lessthanonethousandtems. Sincethe original UPC scheméhada
six-digit compayy field, the upperboundof 10? follows.> This muchinformationwould not fit evenin the storage
devicesof todays large engineeringvorkstations.

We reducethetables sizeby assuminghat mosttax jurisdictionswill have the sametaxationrulesfor a given
item. Thatis, for ary particularitem, we storeadefaultvalueof eithertaxedor nottaxedandalist of taxjurisdictions
with differentvalues. At the very leastthe tables sizewill still be seseral hundredmillion bytesbecauseat must
storeat leastten million items, eachidentifiedby at leasta twelve-bytenumberand having a one-bytetaxability
status.In practice we expectthetableto be oneto two ordersof magnituddarger.

Becausef thetables 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 correspondsicely with the UPC encodingof a company asits first six digits. Usinga setof files
permitseasieradditionandremoval of entriesandrelatvely quick searcHor individual items. A production-qualit

4SeeSection4. 1 for ajustificationof this number

50ur claimedupperboundmay actuallybe anunderestimatéor two reasonsThe EAN-13 systemusesthirteendigits, not the twelve of
UPC codes.Secondlythe UCC is now introducingvariablelengthcompay fields having six to eleven digits, presumablybecausét will
otherwiserun out of company prefixes[?].
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systemmighttry to storethe contentof mostfrequentlyusedfilesin mainmemoryandmightalsoexploretradeofs
betweerthe numberof files andfile sizes.
As for the addresdormat, eachitem’s taxability entry is surroundedoy matchingleft andright parentheses.
Whitespaceés unimportantexceptto separatéerms.For example,anitem’s taxability canbe specifiedas
(taxability (upc 033200190103) (default taxable) (unknown nyc) (nontaxable ct wa tx ca))
Theleftmostentry mustbethe UPC codeandtherestof the clauseshouldconsistof enoughsubclauseto identify
theitem’s taxability, Eachsubclauseonsistof a keyword followed by theinformation. Amongthe keywordsare

upc: specifiegheitem’s UPCcode.Thisis arequiredsubclause.

def aul t : specifiegthe default taxability of anitem usingt axabl e, nont axabl e, or unknown. If this subclauses
omitted,anitemis assumedaxable.lf morethanoneclauseis presentthevalueof thelastoneis used.

t axabl e: is followedby a (possiblyempty)list of tax jurisdictions.

nont axabl e: is followedby a (possiblyempty)list of taxjurisdictions.
unknown: is followedby a (possiblyempty)list of taxjurisdictions.
comrent : acommenthatisignored

Exceptingthe upc subclausesubclauses:eednot occurin ary particularorder and keywords may occur ary
numberof times,but ataxjurisdictionmayoccuronly onceamongall the subclausesThealgorithmfor determining
anitem’s taxability in a particularjurisdictionis:

1. If thetaxjurisdictionexplicitly occursin a subclausethe keyword indicatesthe taxability.
2. Otherwisejf adefaulttaxability is specifiedthatdetermineshetaxability.
3. Otherwisetheitemis assumedo betaxable.

If noentryfor aparticularitemis found, we considerits taxability not Found.

We will implementa function that, given a tax jurisdiction andan item, returnswhetherthe item is taxed, not
taxed,is unknavn whethertaxed, or is anunknavn item.

Given a function determiningthe taxability of ary particularitem, we computesalestax on a list of itemsby
summingtogetherthe total costof all taxableitems, multiplying by the salestax rate,androundingto the nearest
cent.

Assumption4 All tax jurisdictionscomputesalestax by first totalling the costof all taxableitems,multiplying by
the salestax rate andthenrounding

Although otheralgorithmsare possible we assumehat all tax jurisdiction explicitly or implicitly requirethis
algorithm. Evenif this assumptions nottrue, we conjecturehatthe otheralgorithmshave similar compleity and
caneasilybeimplementedn a production-qualit sener.

Few taxjurisdictionspublishclearguidelinesfor roundingsalestax amounts We conjecturghatmostjurisdic-
tion requireary amountgreatetthanor equalto half a centto beroundedup to onecentandary amountstrictly less
thanhalf a centto beroundeddown. Someotherplausibleroundingscheme#nclude

e roundingary fractionof acentup,
e roundingary fractionof acentdown, and,

o if thefractionbegginswith a5, roundingup onecentif thenext digit is evenanddown otherwise.
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Accordingto a Boardof Equalizationemplo/ee,California’'s guidelinesfor rounding[?] are:
1. Computethesalestaxin cents.
2. Truncatethe salegaxto have four digits afterthe decimalpoint.
3. Roundup onecentif theamountafterthedecimalpointis 0.50000r greater

To accommodatéheseroundingconcernsthet axJur i sdi ct i on objectcouldhave aprivateroundingfunc-
tion. Takinganamountrepresentingents,the functionwould returnthe roundednumberof centsasan Cost . It
couldalsohare a memberfunctionreturningthe salestax amountgivenat axRat e objectandthe costof taxable
items.

5 A FewNontechnicallssuesConceming Trusted Third Parties

Evenif all of ourfindingsareimplementedy legislaturesandtrustedthird parties(TTP), retailerswould still bear
coststo dealwith a salesax system.

First, retailers’recordswould needto be auditedto ensurethey submittingall taxabletransactiongo a trusted
third partyfor salestax collection. This auditingburdenis likely to be comparabldo otherauditingburdenretailers
alreadyface.

Secondfor trustedthird partiesto beasefficientaspossiblethesepartiesshouldbeindependentompanieshnot
governmentagencies.Theseindependentompaniesvould competeto provide goodserviceat reasonablgrices
with retailerspayingfor the services.Thus,the costof complyingwith salestaxeswould still fall on retailers,not
the government.Eventhoughgovernmentsvould not have a directincentve to reducethe costof complyingwith
salegaxlaws, theservicecostsof trustedthird parties setby market forces,would clearlyindicatethesecompliance
costs.Thus,governmentsvould beableto measurghetradeof betweerincreasingsalesax compleity to increase
revenueandtheresultingincreasen revenue.

Third, a trustedthird party mustbe trustedby its customerscontractingretailers. As part of its businessa
trustedthird party would have accesgo someor all of aretailers salesinformation. Dishonestrustedthird parties
couldsellthis salesnformationto competitorsor to suppliers.Concernedetailerscouldeithercontractwith several
trustedthird partiessothatnooneTTP hasaccessgo all of its salesnformationor operatdts own salesax division.
If salestax computationandcollectionis performedby independentompaniegatherthangovernmentagencies,
a market in tax computationand collection software could develop so concerneccompaniesould have their own
divisions.

Fourth, usingtrustedthird partiesraisesegal liability issues.If a TTP computegheincorrectsalestax or fails
to remit all collectedsalestax, is the contractingretaileror the TTP responsible?Thus, legislaturesnustnot only
simplify the salestax systembut alsoestablisha legal framewvork for TTPs.
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