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We sketchthe withdrawal andaccumulatiorprogramspecificationoutlining
its input, output,andcomputation.

1 Revisions

2000Apr27:Addedageto C++ programinput specification. Addedspecification
of C++ programs output.

2000Apr25:Addedfinancialtargetinflation booleanto theinput.

2000Apr18: Changedthe monthly modification specificationfrom propor
tional splitting to a 50%/50%split betweencapitalappreciatiorandincomere-
turn. Rationale: Proportionalsplitting is hard to specify if one returnrate is
positive and oneis negative. Suggestiongor a more realistic arrangemenare
solicited.

2000Apr18: Added input specificationfor the C++ programto the end of
Section2.

2 Program Outline

The programconsistof threeseparatgieces:

e aWWW interfacetakinginput from theuseranddisplayingtheresults,
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e aCGl programcheckingtheinputfor correctvalues,nvoking theunderly-
ing program,andsendingts resultsasa WWW page,and

e thewithdrawval andaccumulatiorprogramusinghistoricaldatato determine
the probability of reachingone’s financialgoal.

Throughouthe specificationwe notepossiblefeaturedor future versionsof
the program.We neednot programthesefor this version.

3 Input

We specifytheinput from the users point of view, i.e., whatthe WWW interface
provides.Theuserneeddo specify

e themonetaryamounts,
e time periods,
e assehllocationsand

e taxinformation.

3.1 Monetary Amounts

Theusershouldspecifythe monetaryamounts:

initial amount: theinitial amountof money to invest. For the withdrawal prob-
lem, this is the monetaryamountof investmentsA default valueof $0 will
easednputfor theaccumulatiorproblem.

incrementamount: theamountof money to investeverytime period. A negative
amountindicatesa periodicwithdrawal. A default value of $100might be
nice.

incrementinflation: abooleanindicatingwhethertheincrementamountshould
beinflatedby the ConsumePricelndex (CPI). A valueof trueindicateghe
incrementamountshouldbe increasedavery month by the monthly CPI.
A valueof falseindicatesthe amountshouldremainunchangediuring the
entiresimulation.A default valueof truewill easanputfor thewithdrawal
problem.



financial target: thedesiredendingamountof money. For thewithdrawal prob-
lem, thisis probably$0, i.e., the endingamountof money is atleast$0. A
defaultvalueof $0will easeanputfor thewithdrawval problem.

financial targetinflation: abooleanndicatingwhetherthedesirecendingamount
of mong/ shouldbe inflated by the CPI. For the withdrawal problem,the
financialtargetis probably$0 sothe booleans$ valueis moot. For theaccu-
mulationproblem,specifyinga true valuewill indicatethe financialtarmget
is specifiedin currentdollarsanda falsevaluewill indicatethetargetis in
futuredollars. A defaultvalueof truewill easanput.

All monetaryamountshouldberoundedo thenearestlollar. Only theincrement
amountmaybenegatie.

3.2 Time Periods

Theusershouldspecifythetime periods:

time frame: thelengthof timetoinvestthemoney. A defaultvalueof twenty-five
yearsmay easdnputfor thewithdrawal problem.

incrementtime period: thelengthof time betweerperiodicinvestmentsAt the
endof eachincrementime period,theincrementamount(inflatedif appro-
priate)is addedto the investment.The time frameneednot be a multiple
of theincrementtime period. A default value of twelve monthsmay ease
input.

Time periodsmust have positive length. Sincewe will use monthly historical
data,the smallestunit for time periodsshouldbe one month. The WWW page
designershouldproducethe clearesinterfacepermittingtime periodsup to the
nearesmonth.

In anadvancedversion,we may permitspecifyingthe rangeof historicaldata
to use.For example,usersmight specifysimulatingusingpost-WWII dataonly.

Theinitial monegy is assumedo beinvestedatthe beginningof thetimeframe.
Thefirst incrementoccursat the endof the first time period. All investmentsare
soldatthe endof the time frame. For example,consideratime frameof twenty-
threeyearsstartingin 1926with anincrementime periodof five years.Theinitial
investmenis madel926Jan01. Incrementalnvestment®ccuronthelastday of
1930,1935,1940,and1945. Theentireinvestments soldonthelastdayof 1948.



3.3 AssetAllocations

The usershouldspecifythe desiredassetllocation. Every rebalancingime pe-
riod, assetsare sold or purchasedo move the investmentback to the desired
allocation.

Someusersmay wish to specifya fixed assetallocation,choosingamongthe
following assets:

largecompanystocks: stocksof the largestU.S.-basedcompanies.For recent
yearsthisis justthe S&P 500.

long-term government bonds: bondsusually with a twenty-yearmaturity in-
vestedn theU.S.federalgovernment.

intermediate-term government bonds: bondswith atleasta five-yearmaturity
investedn theU.S.federalgovernment.

U.S.Treasurybills: in financialjargon, “cash” This is investedin the shortest
periodrisk-freeU.S. governmentdebtwith at leastonemonthin maturity.
As cashthebills provide no capitalappreciation.

The assetallocationsshouldbe specifiedasintegral percentagesotalling to 100.
Defaultvaluesof (60, 0, 30, 10) might easeuserinput.
Alternatively, the usercould specify one of three age-dependerformulae:
strategy stockallocation LT governmentondallocation

conserative min(125 — age 100) remainder
moderate min(135 — age 100) remainder
aggressie min(145 — age 100) remainder

Thus,theusershouldalsosupplya startingage.

The historicaldatafor small compaly stocksandlong-termcorporatebonds
doesnotprovide separateapitalappreciatiorandincomereturnssowe omitthese
assetlassed$rom our simulation.An advancedversionmightincludesmallcom-
pary stock data,assumingno incomereturn. An adwvancedversioncomputing
for tax-freeaccumulatioror withdrawval might alsoinclude long-termcorporate
bonds.

3.4 TaxInformation

The programwill simulateinvestmentgrowth in either a tax-free or a taxable
account,asspecifiedby the user If the investments heldin a taxableaccount,
theusershouldspecify:



long-term capital gainstax rate: the tax rate for long-termcapital gains. For
simplicity, the long-termcapitalgainstax rateis appliedto arny assetheld
(strictly) longerthanoneyear, while the short-termrateis appliedfor any
assetheldtwelve monthsor less. For simplicity, the short-termrateequals
the ordinary incometax rate. The rate mustbe in the range[0,100]. A
defaultvalueof 20, i.e.,arateof 20%, might easeuserinput.

ordinary incometax rate: the tax rate for short-termcapital gains, dividends,
andordinaryincome.Theratemustbein therange[0, 100]. A defaultvalue
of 28,i.e.,arateof 28% might easeuserinput.

holding time period for assets: the length of time to hold an assetbeforeit is
sold. For example,the usercould specifyall stocksandbondsareheld for
five yearsandthensold. Alternatively, we could have specifiedan average
annualturnoverrate,i.e.,whatfractionof the portfolio is soldevery year

Theprogramassumes:

e All investmentsaresold at the endof the time framewith the appropriate
taxespaid.

e All taxesarepaidwhenanasseis soldevenif thisis duringthe middle of
thecalendaryear

e Sellingassetatalossdoesnotincurary taxes,but thelossdoesnotreduce
thetaxesonincomeor futureyears taxes.

A futureversionmightusehistoricaltaxinformationto 1) provide moreaccu-
ratecalculationsand2) shav whethemmarket returnsandtax ratesarecorrelated.
It may alsoincorporatethe actualhistorical capital gainstax rules, which have
variedthroughtime.

3.5 Sensitvity Analysis

The WWW pageneednot askthe userfor sensitvity analysisinput. A future
versionmayrequireinput.
Theunderlyingcomputatiorshouldsupportmodifying the historicalmonthly
returnratesby a givenfixed percentageA positve numberindicatesexceeding
historicalreturnrates,while a (morelik ely) negatve numberindicatesnot attain-
ing the historicalrates.For assetsith returnratesspecifiedseparatelyascapital
appreciatiorandincomereturns the percentagshouldbe split evenly.
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As an aside,the annualmodificationamountM technicallydependson the
monthlyreturnsaccordingto theformula:

1 1
Mmm( + ...+ ),
1‘i‘rjan 1 + rdec

wherem is the monthly modificationamount.For our purposeswe will approxi-
matethisformulaasM = 12m.

3.6 C++ Program Input Specification

The C++ programs input shouldbe readfrom the command-lineaguments . See
Table1l. Note thateitherthe choiceof the age-\arying assetallocationformula
andthe agexor thefixed assetllocationsarespecifiedn theinput. Also, thetax
ratesareomittedif taxesarenotbeingcomputed Collin andl decidedto omitthe
databasdile names.The C++ programandnot the CGI programwill probably
know theirlocation.

Craigrecommendghatall inputprocessindpe performednsidesomefunction
to modularizethe code.

4 Qutput

Thewithdraval andaccumulatiorprogramproduceghe probabilityof meetingor
exceedinghefinancialgoalandalsoproduceshe averageandstandardieviation
of thetime frames’investmentamounts.The probability, specifiedastheratio of
time framesmeetingor exceedingthe goalto the numberof time frames,should
bedisplayedasanintegral percentagevith maximumvalue100%. To avoid mis-
leadingthe user the averageandstandardieviation shouldperhapseroundedo
threesignificantdigits.
Probabilitiesshouldbe displayedassuming

¢ theusersinvestmentctuallyattainsthe historicalratedata,
¢ theusersinvestmentiasa monthly modificationamountof -0.03%,and
¢ theusersinvestmentiasa monthly modificationamountof -0.10%.

A futureversionmight displayhistogramsf theendingamounts.



initial investmentamount
investmenincrementamount
incrementby inflation?

desirednvestmentarget
financialtargetinflation

unsignedong

long (positive, zero,or negative)

0 = nomonthlyinflationincrement,
1 =inflationincrement
unsignedong

0 =nomonthlyinflation, 1 = inflate
target

time frame
incrementime frame

monthsaspositive long
monthsaspositive long

age-aryingassetllocation

0 =fixed,1 = age-arying

age-aryingformula 1 = conserative, 2 = moderate3 = if varying
aggressie

age unsignedong (agein years) if varying

large-compan allocation unsignedong in range0, 100] if fixed

long-termgovt bondallocation unsignedong in range0, 100] if fixed

intermediate-terrgovt bondalloca- unsignedongin range0, 100] if fixed

tion

Treasunybill allocation unsignedong in range0, 100] if fixed

taxes? 0 =notaxes,1 = taxed

long-termcapitalgainstax rate nonngatve integer in range if taxed
[0, 100]

ordinaryincometax rate nonngatve integer in range if taxed
[0, 100]

asset-holdingime monthsaspositive long if taxed

monthlyratemodification

double(asa percentage)

file of stockcap.apprecreturns
file of stockincomereturns

file of LT govt. bondscapitalappre-
ciationreturns

file of LT govt. bondsincome re-
turns

file of IT govt. bondscapitalappre-
ciationreturns

file of IT govt. bondsincome re-
turns

file of U.S.Treasunybill returns
file of inflation data

string
string
string
string
string

string

string
string

Tablel: C++ Programinput Specification



4.1 Output from the Computation Program

For onesetof input, the C++ programwill producethe following outputall on
oneline.

e anintegerindicatingsuccessi.e., 0, or failure,i.e., a nonngatie integer
notO,

e theprobabilityof successisanintegerin therange[0, 100],

¢ the averageendinginvestmentvalue as a nonngative integer with three
significantdigits,

e thestandardieviation of theendinginvestmentalueasanonngativeinte-
gerwith threesignificantdigits.

5 Computation

First, we will describea computationwithout capitalgainstaxes. Then,we will
revisethe computatiorto incorporatecapitalgainstaxes.

5.1 Dealingwith the Historical Data

The programshouldcomputethe probability of successindthe averageandstan-
dard deviation over all time frames. So that the historical return dataneednot
be repeatedlyreadfrom disk, it could be readinto STL vectors. Secondly this
datamight be packagedn a classwith afunctionreturningthe historicalratefor
a specifiedassetyear month,andincomeor capitalappreciation.Using sucha
classwill hopefullyavoid indexing problems.

A statisticsclassaccumulatinghe probability of successthe average andthe
standarddeviation could easecollectingthis data. Its constructorcould take the
desiredarget. Everytime anadditionalpieceof datais computedaclassmember
functioncouldbeinvoked. Its destructorcould print the statistics.

In the text below, we will concentrateon determiningthe final investment
valuefor a particulartime frame. We will assumehe programwill loop through
all possibletime frames.



5.2 Tax-freeAccumulation and Withdrawal

To computethe final tax-freeaccumulatioror withdraval amount,usefulvalues
include

total investmentvalue: thetotal valueof all investmentst any particulartime

current assetallocation: a mappingfrom assettype to the percentageénvested
in the particularasset.For example,stockscould form 0.60fraction of the
total investment. It might be usefulto make a C++ assefallocationclass.
This classcouldincludethe persons ageif appropriate.

incrementamount: theamountto incrementhe investment.This amountis in-
flatedif specifiedoy theuser

months until incrementing: the numberof monthsuntil the investmentshould
beincremented.

monthsuntil finish: thenumberof monthsuntil thetime frameends.
Thestepso performatthetime frame’s beginninginclude:
1. Settheinitial assetllocation.

2. Setthe total investmentvalue and the incrementvalue to the appropriate
values.

3. Setthe monthsuntil incrementingandthe monthsuntil finishingto the ap-
propriatevalues.

Thestepgo performattheendof eachmonthandbeginningof thenext month
include:

1. Increasdaheinvestmenin eachasseby theasset returnthatmonth.

monthlyrate= capitalappreciationt incomerate+ monthly modification

2. Inflatetheincrementamountif appropriate.

3. If the investmentshould be incrementedjncreaseits value and resetthe
numberof monthsuntil thenext increment.

4. Decrementhe numberof monthsuntil thetime frameends.
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5. Updatetheassetllocationaccordingo theformulaif usinganage-dependent
formula.

When the simulationof this time frame ends, recordthe total investments
worth.

5.3 TaxedAccumulation and Withdrawal

(This presentatioris differentthat that discussedn classThursday 13 April.
| conjecturethis approachis more precisethanthe approximationdiscussedn
class.)

Taxeson incomecould easily be incorporatedoy modifying the monthly re-
turnrateto paytaxesmonthly. Taxeson appreciatedsset@aremorecomplicated
becausehe capitalgainstax dueis the productof theincreasen theasses value
andthe capitalgainstax rate. Thus,we will needto remove the basisof all pur
chasedssetsubjectto capitalappreciation.

5.3.1 Valuesand Data Structures
Usefulvaluesanddatastructuresnclude

current assetallocation: a mappingfrom assettype to the percentagénvested
in the particularasset.For example,stockscould form 0.60fraction of the
total investment. It might be usefulto make a C++ assetallocationclass.
This classcouldincludethepersons ageif appropriate.

incrementamount: theamountto incrementhe investment.This amountis in-
flatedif specifiedoy theuser

months until incrementing: the numberof monthsuntil the investmentshould
beincremented.

months until finish: the numberof monthsuntil thetime frameends.

For eachassetsubjectto capital gains,we shouldrecordthe monthof each
purchaseits purchaseprice, andits currentvalue. Whenthe differencebetween
thecurrentmonthanda purchases dateequalshe asseholdingtime period,that
purchaseshouldbe sold. Eachmonth’s purchasess addedo the otherendof the
gueue.Recordinghetotal valueof eachassesimplifiessomecalculations Cash,
i.e.,U.S. Treasunybills, arenot subjectto capitalappreciation.

Thestepso performatthetime frame’s beginninginclude:

10



1. Settheinitial assetllocation.
For eachassetpurchasehe appropriateamountof assets.

Settheincrementvalueto the appropriatevalue.

WD

Setthe monthsuntil incrementingandthe monthsuntil finishingto the ap-
propriatevalues.

5.3.2 EachMonth’s Computation

Thestepgo performattheendof eachmonthandthebeginningof thenext month
mimic the actionsa humaninvestorwould perform.

1. Incomefrom eachassetis computedusingthe assetsincomereturnrate
andthe users ordinaryincometax rate. For example,theincomefrom the
large compaly stockholdingis the productof

e thetotallargecompaly stockvalue,

e the stockincomereturnrateplusa proportionof the monthly modifi-
cationamountand

e oneminustheordinaryincometaxrate.

Sincethisincomeis recevedascash thisincomeis addedo theU.S. Trea-
surybill assetput be sureto computetheincomeon theU.S. Treasurybill
assefirst.

2. Assetvaluesare increasedby the capital appreciationrate. That s, the
currentvaluesof all assetaremultiplied by the asset capitalappreciation
returnrateplusa proportionof the monthly modificationamount.

3. Assetpurchaseseldfor theentireassetoldingperiodaresoldandcapital
gainstaxesarepaid. The amountreceved equalsthe asset currentvalue.
Thecapitalgainstax equalsthe productof the capitalgainstax rateandthe
differencebetweenthe asse currentvalueandits purchaseprice. If the
differences negative, thetaxis zero. Proceedsrepaidin cashsothey are
addedo theU.S. Treasunybill asset.

4. Inflatetheincrementamountif appropriate.
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5. If theinvestmenshouldbeincrementedincreasehe Treasunybill assetand
resetthe numberof monthsuntil the next increment.

6. Decrementhe numberof monthsuntil thetime frameends.

7. Updatetheassetllocationaccordingo theformulaif usinganage-dependent

formula.

8. Redistrilutethe assetdo meetthe assetllocation. The presencef capital
gainstaxescomplicateghis calculation.

5.3.3 ReallocatingAssetsin the Presenceof Capital Gains Taxes

Overallocatedassetsi.e., asset®xceedingheir allocation,shouldbe soldto pur
chaseunderallocatedssets.Purchasingassetsncursno penaltieswhile selling
assetgequirespaying capitalgainstaxes. The amountof capitalgainstaxesto
paydepend®n eachpurchasesinitial price.

A seriesof formula manipulationsyields a set of linear equationsto solve.
Underallocatedssetareomittedfrom thelinearequations Assumeassetdypes
1,2, and3 areoverallocatedLet A; bethe desiredassetllocationfraction,e.g.,
0.60,for eachtypei. Let a; representhetotal dollaramountinvestedn theasset.
Let ¢ representhetotal dollar amountin all assetsLet g; representhe maiginal
capitalgainstax ratefor the oldestpurchasen assetype:. For example,suppose
theinitial price of the oldestpurchasemay have been$100, its currentvalueis
$150,andthe capitalgainstax rateis 20%! The mamginal capitalgainstax rateis
theratio of thetax paidif all of the purchases soldto the purchases value,i.e.,
theratio of 0.20 * max(0, 150 — 100) and150. Let f; representhefractionof the
asseto sell.

Solvethis setof linearequationdor f;.

[(Al -l -gi)ar  Ai(1 - go)as Ai(1 - g3)as -| [ffl [A1t -
Ao(1—g1)ay (1—Ag)(1—g2)as  As(l—g3)as foi = [Ast —ay
[ A3(1 = g1)ay Az(1 — g2)as (1—A3)(1— 93)G3J [f3J [

Amongall theassetsvith f;a; greatethantheoldestpurchases currentvalue,
selltheassewith the smallestmaginal capitalgainstax rateso minimizethetax
paid. If this occurs,form anew setof linearequationsandrepeathe calculation.

lUsetheordinaryincometax rateif the assewasheldtwelve monthsor less.
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Finally, all the f;a; productsare lessthanor equalto asset oldestpurchases’
currentvalues,sell f;a; from eachassetaddingthe money to the U.S. Treasury
bill asset.Thenpurchasainderallocatedssetaisingcashfrom theU.S. Treasury
bill asset.The previously overallocatecasseamountsshouldremainunchanged.
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