
CS3352 CS3352Homework 1 2000Feb07

DueThursday, 2000Feb17,at thebeginningof class.
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1 Withdrawal ProblemStatement

Oneof the scariestquestionsretiring peoplefaceis whetherthey will outlive their money. After
working for thirty or moreyearsto accumulatemoney, suddenlytheincomestopsbut theexpenses
do not. Sincemiddleandupperclasspeoplecaneasilylive twenty to thirty yearsafter retirement,
accurateprojectionsarerequired.Compoundingthefearis thebelief that,if themoney runsout, it
is likely to do soafteranagewherethepersonwould bewilling or ableto returnto work. On the
otherhand,peoplewish to enjoy their retirementandtheir retirementmoney so they areloath to
lower their standardof living toomuch.In thishomework, wewill usehistoricaldatato predictthe
“probability” of bankruptcy for agivenwithdrawal rate.

On theflip sideof thegradualreductionof one’s investmentsduringretirementis theaccumulation
of wealthduringone’s working years.Youngworkers,who arefacingmany majorexpenses,e.g.,
house,children,andvacations,frequentlyquestionif they needto save for retirementat all and,if
so,how much. Usinghistoricaldata,we will write a computerprogramthatwe canuseto predict
how much money a worker needsto save eachyear to accumulate,say, one million dollars for
retirement.(Onecandeterminea reasonabletarget usingthe programdescribedin the preceding
paragraph.)



1998February, Trinity UniversityprofessorsPhilip L. Cooley, CarlM. Hubbard,andDanielT. Walz
publishedanarticlein theAmericanAssociationof Individual Investors’AAII Journal, volumeXX,
number2. Apparently, thearticlecausedquitea stir, receiving publicity in theMorningstarFund-
investorandon Scott Burns’s Money Page. We will createsoftware that is more powerful, and
hopefullymoreuseful,thatthatdescribedby theauthors.

(Softwarelike thatwewill write is for saleascommercialproducts.With alittle morethoughtanda
few featuresto make it morerealistic,wemaybeableto postit onawebsiteandperhapsalsowrite
a shortpaper. Pleaselet meknow if you areinterested.(Pleasedo not let theprecedingcomment
worry youabouttheprogram’s complexity. It is at thelevel of aCS1320programmingproject.))

1.1 ConceptualModel

Without lossof generality, we will concentrateon theretirementincomequestion.

Thequestionis “Will I outlive my investmentsif I withdraw $� dollarsevery year?”More specifi-
cally, “What is theprobabilityI outlive my investmentsif I withdraw $� dollarsevery year?”

1.2 SpecificationModel

Theprogram’s input includes:

� theinitial amountof investment,e.g.,$1M,

� theannualamountto withdraw, e.g.,$40K,

� thenumber� of yearsto withdraw themoney, and

� theinvestment’s assetallocation.

Usinghistoricaldataon investmentreturnsfrom 1926–1997,theprogramwill computethevalueof
theinvestmentafter � yearsof withdrawal.

For example,supposeone startedwith $1M investedwholly in large company stockson 1946
January01 andwithdrew $40K per yearat the endof eachof two years. Large company stocks
in 1946returned-8.07%sowe endedtheyearwith
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Thenext year, our investmentreturned5.71%andwe thenwithdrew $40K sowe endedupwith
�������������
	��! "������#����$�������������%����������#������

Thus,we withdrew $80K,but our investmentshrank$110.5K.

Investmentreturnsvary on a daily, monthly, and annualbasis. If our investmentvalue is ever
nonpositive, we ranoutof money anddeclarebankruptcy.

Investmentscanalsobecategorizedaccordingto type,e.g.,largecompany stocks,long-termcorpo-
ratebonds,andU.S.Treasurybills. To afirst approximation,thereturnonmostinvestmentdepends
moreon in which categoriesit is investedthanon the individual investmentswithin the category.
For example,to afirst approximation,it mattersmorethat50%of one’sassetsarein largecompany
stocksthanwhetherthey arein Vanguard’s 500 Index Fundthanin several individual large-caps-
tocks.Sincewe aresimulating,we will ignorethesedistinctions.U.S.Treasurybills arefrequently
considered“cash”sincetheirdurationis veryshort,e.g.,threemonths.

As we might seein a futurehomework assignment,assetallocationdetermines,to a first approxi-
mation,boththesizeof returnandhow muchthereturnvaries.Historically, stockreturnsarelargest
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but alsomostvariable,while U.S.Treasurybill returnsaresmallestbut morepredictable.We will
assumethatour retiring couplehasdeterminedtheir reward-risktradeoff by allocatingassetsinto
categoriesaccordingto fixedpercentages.A typical allocationis 60%largecompany stocks,35%
long-termcorporatebonds,and5% U.S. Treasurybills. At the endof eachyear, the couplewill
rebalancetheir investmentto meetthesefixed percentagesby conceptuallyselling assetsgreater
thantheir desiredpercentageandbuying assetswith percentagestoo low.

Although pastperformancedoesnot indicatefuture performance,we will useannualreturndata
from IbbotsonAssociates[Ass95]. For eachyearbetween1926and1997inclusive, returnsfor

� largecompany stocks,

� smallcompany stocks,

� long-termcorporatebonds,

� long-termgovernmentbonds,

� intermediate-termgovernmentbonds,

� U.S.Treasurybills, and

� inflation

arelisted. Inflation is notreallyareturnbut thedecreasingvalueof money. For example,if inflation
is 18.16%during1946,weshouldreallywithdraw

�&���������
	��' (���)�*���*+��,���&�-��.�+/�

at thebeginning of 1947to be ableto purchasethesameamountaswe could at thebeginning of
1946.

To answerour questionof whetherwe will go bankruptif we withdraw money for � years,we
will determinethevalueof our investmentstartingin every year 0 andendingat thebeginningof
year 0  � . For example,supposewe areinterestedin a ten-yeartime frame. Then,we determine
thevalueof an investmentstartingat thebeginning of 1926andendingat thebeginning of 1936,
thevalueof an investmentfrom 1927to 1937,. . . , andfrom 1988to 1998. For eachtime period,
we recordwhetherwe ran out of money or not. The probability of bankruptcy is the numberof
bankrupt-timeperiodsdividedby thetotalnumberof periods.

To easethemodeling,let usmakea few assumptions:

� The investmentis rebalancedeachyearthroughbuying or selling differentassetclassesas
necessary.

� No taxesarepaid.Thisunrealisticassumptionprobablyincreasesourannualreturnby 1–3%.

� Investmentreturnsareexactly asspecified. This unrealisticassumptionis probablyoff by
0.3–4%annuallybecauseof investmentexpenses.

� Weignoreroundingto dollarsor cents.

1.3 Computational Model

Write acomputerprogramdeterminingtheprobabilityof not runningoutof money given

� any initial investmentvalue,
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� any annualwithdrawal amount,

� any assetallocation(totalingto 1.00),and

� any investmenttime frame.

Oneapproachto solving this problemis to write a computerprogram 1 that hascommand-line
argumentsfor

� thehistoricaldatafile,

� afile containingthedesiredassetallocation,

� theinitial investmentvalue,

� theannualwithdrawal amount,

� theyearto begin thewithdrawals,and

� thenumberof yearsto withdraw.

Thisprogramwill returnanindicationof erroror, if noerrors,thevalueof theinvestmentat theend
of the time period. We canwrite anothercomputerprogramto run 1 throughall of thehistorical
data,accumulatingtheresults.

I conjecture,but havenotverified,thatonepassthroughthedatawill yield answersfor all theyears,
evenwithout usinganarrayof valuesfor all thecurrenttime frames.Why not just usethesimpler
approachbecausetheprogram’s runningtime is soshort,it is not terribly important.

1.3.1 Clarifications (2000Feb09)

� Thefile of returnsspecifiesthepercentageincreasein eachassetclassfrom 01Janto 31Dec.
For example,large-capstockpricesincreasedby 11.62%from 01Janto 31Dec1926.

� Model withdrawing themoney at theendof eachyear. Thespecifiedwithdrawal amountis
thevalueof money on thefirst dayof thetimeperiod.

� Be carefulaboutthenumberof yearsin time frame. For example,oneten-yeartime frame
begins 01 Jan1926andends31 Dec1935. Thus,oneshouldusethe returnratesfor 1926,
1927,. . . , 1935.Oneshouldalsoinflatethewithdrawal amountby theinflationratesof 1926,
1927,. . . .

� As written above, theassetallocationsshouldtotal to 1.00. Why not just make this a file of
oneline with assetallocationshaving thesameorderasthehistoricaldatafile andseparated
by whitespace?

1.3.2 Programming Niceties

It would be nice but is not essentialthat your programbe flexible enoughto acceptmonthly data
ratherthanannualdata. It would alsobenice to acceptany numberof assetclasses.An optional
featurewouldbetheability to specifythefrequency of rebalancing.
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1.4 Verification

Your programshouldbeableto recreateall thetablesin thearticleby Cooley, Hubbard,andWalz.
Notethey usedatathrough1995,not1997.

Of course,your programshouldalsobeableto do more:

� dealwith six differentassetclassesandallocations,

� dealwith any withdrawal amount,and

� dealwith any withdrawal time frames.

I have alsopostedmy computerprogramagainstwhichyoucancompareyouranswers.

1.5 Validation

I do not know how to validatetheresults.Doesanyonehave any ideas?

2 Accumulation ProblemStatement

Write a computerprogramthat determinesthe probability of accumulatinga specificamountof
money given

� any initial investmentvalue,e.g.,$0,

� any annualaccumulationrate,

� any assetallocation,and

� any investmenttime frame.

Hint: Youshouldnothave to do muchwork.

3 Questionsto Answer

Pleaseprovide writtenor typedanswersto thesequestions:

1. Approximatelywhat amountper yeardo we, asyoungpeople,have to save every year to
obtainaneightypercentchanceof accumulating$1M in 10,15,20,25,30,35,and40years?
Answerfor a handfulof “reasonable”assetallocationssuchasCooley, Hubbard,andWalz
chose.

2. To a first approximation,how muchcanonecontribute annuallyto an IRA? (Hint: SeeIRS
Publication590.)Whatmustonedo to make thisenoughto reachthe$1M goal?

3. Whatis theprobabilitythat$1M will last10,15,20,25,and30yearsassumingawithdrawal
rateof $50Kperyear?

4. A lot of peopleconsiderthe GreatDepressionandsubsequentdecadean aberration.How
doesyour answerto the previous questionchangewhen consideringonly the post-WWII
periodof 1946–1997?

5



4 What FilesDo I Need?

TheIbbotsondatais available.

My code,to computethevalueof the investmentaftera particularperiodof time andstartingat a
particularyear, is available.It runson my Linux computer. Thecommandline argumentsare:

1. thehistoricaldatafile,

2. afile containingthedesiredassetallocation,

3. theinitial investmentvalue,

4. theannualwithdrawal amountasanegative number,

5. thenumberof yearsto withdraw, and

6. theyearto begin thewithdrawals.

Theprogramto repeatedlyinvoke this programis omitted.Pleasereportall errorsandsuggestions.

5 SubmissionRules

Useany programminglanguageyou desire.Gradingwill bebasedpredominantlyon correctness,
with asmallportiononprogrammingstyleandyour writtenanswers.

I will run your codeon a computerscienceLinux computerso pleasecheckthat it compilesand
runsthere.Pleasecheckthatit compilesandrunswithout any errorsor warnings.For example,the
g++ compileroptionsto producewarningsare-Wall -pedantic. For example,I cancompile
using

g++ -Wall -pedantic foo.cc -o foo

Pleasesubmityour code,enoughdocumentationto know how to compileandrun your code,and
possiblyanswersto me(oldham@cs.trinity.edu). If you needto submitmultiple files, pleaseusea
commandlike

shar -m sourcefiles | mail -s "CS3352 Homework 1" oldham@cs.trinity.edu

Pleasedo not submit executablesor Microsoft Word or similar documents. I want to have the
privilegeof lookingat yourcode.

References

[Ass95] IbbotsonAssociates.Stocks, Bonds,Bills, and Inflation 1995Yearbook. IbbotsonAsso-
ciates,Chicago,1995.

A Tips for Programming

Unlike many other activities in life, it is generallya good idea to incrementalwrite a computer
program.That is, startwith a simpleprogram,slowing addingfeaturesandcomplexity, beingsure
to checktheprogramateachstep.Hereis oneway to write thecomputerprogram.

1. Write a “hello, world” program.
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2. Write aprogramthatreadsin thedata,printing it out to thestandardoutput.Seealsomy tips
on input in C++.

3. Write aprogramcomputingthevalueof astock-onlyportfolio for any particulartime frame.

4. Modify theprogramto permitholdingsstocksandbonds.for any particulartime frame.

5. Modify theprogramto permitany assetallocation.

6. Write aprogramto repeatedlyrunyourotherprogram.

If yougetstuck,pleasecomeseeme.Pleasedonotgetstuckontheinput,output,or command-line
arguments;thesearenot thepoint of theassignment.

If you needhelpwith themath,comeseemebut bring your ideaswritten in mathor English. See
alsotheauthors’appendix.Note,if thevalueof aninvestmentgoesnegative, it shouldstaynegative
sothereis no reasonto abortacomputationearly.

B AssetAllocation Classes

For thepurposeof theprogram,we neednot know thedefinitionsof thedifferentassetclasses,but
we includethemfor completeness.

Lar geCompany Stocks: Stockscanbedivided into threegroups:large,medium,andsmall, i.e.,
large-capitalization, mid-cap,andsmall-cap,accordingto the total worth of the company’s
stock. Somedefinitionssplit thecategoriesaccordingto specificmonetaryamounts.Do not
believe it. Large-company stocksarestocksof companiesamongapproximatelythetop third
largestU.S. companieswith publicly-heldstock. Our dataactuallyrepresentsthe stocksof
companiesin theStandardandPoor’s 500StockCompositeIndex (S&P 500).

Small Company Stocks: Stocksof U.S. companiesamongthosehaving the smallesttotal stock
worth. Ourdataactuallyrepresentsthe“fifth capitalizationquintileof stocksontheNYSEfor
1926–1981andtheperformanceof theDimensionalFundAdvisors(DFA) SmallCompany
Fundthereafter.”

Long-Term Corporate Bonds: Bondsarecategorizedboth by the time to expiration andby the
issuer. “Long-term” generallyrefersto expiring in at leasttwentyyears.“Corporate”mean-
s issuedby a company. Our datarepresentsthe “SalomonBrotherslong-term,high-grade
corporatebondtotal returnindex.”

Long-Term Government Bonds: Bondswith longdurationandissuedby theU.S.governmentor
affiliated agencies.Our datais “measuredusinga one-bondportfolio with a maturity near
twentyyears.”

Intermediate-Term Government Bonds: Bondsissuedby theU.S.governmentof affiliatedagen-
ciesand“measuredusingaone-bondportfolio with amaturitynearfiveyears.”

U.S.TreasuryBills: To payfor thefederaldebt,theU.S.governmentissuesbonds.Treasurybills
have adurationof oneyearor less.In particular, ourdatameasures“rolling overeachmonth
a one-bill portfolio containing,at the beginning of eachmonth,the bill having the shortest
maturitynot lessthanonemonth.”

Inflation: A generalincreasein thepricesof goodsor services.Our inflationmeasureis the“Con-
sumerPriceIndex for All UrbanConsumer(CPI-U),not seasonally-adjusted.”
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Quoteddefinitionscomefrom [Ass95]. (Anothergoodsourceof financialdefinitionsis Vanguard’s
glossary.
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