CS3352 CS3352Homework 1 2000Feb07

DueThursday2000Feb17,atthebaginningof class.
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1 Withdrawal Problem Statement

Oneof the scariestquestiongetiring peoplefaceis whetherthey will outlive their money. After
working for thirty or moreyearsto accumulatanonegy, suddenlytheincomestopsbut the expenses
do not. Sincemiddle andupperclasspeoplecaneasilylive twentyto thirty yearsafterretirement,
accurateprojectionsarerequired.Compoundinghefearis the beliefthat, if themoney runsout, it
is likely to do so afteranagewherethe personwould be willing or ableto returnto work. Onthe
otherhand,peoplewish to enjoy their retirementandtheir retirementmoney sothey areloathto
lower their standardf living too much. In this homevork, we will usehistoricaldatato predictthe
“probability” of bankrupty for a givenwithdrawal rate.

Ontheflip sideof thegradualreductionof ones investmentsluringretirements theaccumulation
of wealthduring ones working years. Youngworkers,who arefacingmary major expensese.g.,
house children,andvacationsfrequentlyquestionif they needto save for retirementat all and, if
so, how much. Using historicaldata,we will write a computemprogramthatwe canuseto predict
howv much mone/ a worker needsto save eachyearto accumulatesay one million dollarsfor
retirement. (One candeterminea reasonabldarget usingthe programdescribedn the preceding
paragraph.)



1998FebruaryTrinity Universityprofessor#hilip L. Cooley, CarlM. HubbardandDanielT. Walz
publishedanarticlein the AmericanAssociatiorof Individual Investors’AAll Journal, volumeXX,
number2. Apparently the article causedjuite a stir, receving publicity in the MorningstarFund-
investorand on Scott Burnss Money Page. We will createsoftware thatis more powerful, and
hopefullymoreuseful,thatthatdescribedy theauthors.

(Softwarelik e thatwe will write is for saleascommerciabroducts.With alittle morethoughtanda
few featuredo make it morerealistic,we maybeableto postit on awebsiteandperhapslsowrite
ashortpaper Pleasdet meknow if you areinterested.(Pleasedo not let the precedingcomment
worry you aboutthe programs compleity. It is atthelevel of aCS1320programmingproject.))

1.1 ConceptualModel

Withoutlossof generalitywe will concentrat®ntheretirementincomequestion.

Thequestionis “Will | outlive my investmentsf | withdrawv $z dollarsevery year?” More specifi-
cally, “What is the probability | outlive my investmentsf | withdrav $z dollarseveryyear?”

1.2 SpecificationModel
Theprograms inputincludes:

e theinitial amountof investmentge.g.,$1M,
e theannualamountto withdraw, e.g.,$40K,
e thenumbern of yearsto withdrawv themoney, and

e theinvestmens assetllocation.

Usinghistoricaldataon investmenteturnsfrom 1926—-1997the programwill computethevalueof
theinvestmentftern yearsof withdrawal.

For example, supposeone startedwith $1M investedwholly in large compary stockson 1946
January01 andwithdrew $40K peryearat the end of eachof two years. Large compayn stocks
in 1946returned-8.07%sowe endedtheyearwith

$1000000(1 — 0.0807) — 40000 = $879300.
Thenext year our investmentreturneds.71%andwe thenwithdren $40K sowe endedup with
$879300(1 + 0.0571) — 40000 = $889508.

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

Investmentreturnsvary on a daily, monthly and annualbasis. If our investmentvalue is ever
nonpositve, we ranout of mongy anddeclarebankruptg.

Investmentsanalsobe catgyorizedaccordingo type,e.g.,largecompary stocksJong-termcorpo-
ratebonds,andU.S. Treasunbills. To afirst approximationthereturnon mostinvestmentiepends
moreon in which cateyoriesit is investedthanon the individual investmentswithin the cateory.
For example to afirst approximationjt matteranorethat50% of ones assetarein largecomparny
stocksthanwhetherthey arein Vanguards 500 Index Fundthanin sereralindividual large-caps-
tocks. Sincewe aresimulating,we will ignorethesedistinctions.U.S. Treasunybills arefrequently
consideredcash” sincetheir durationis very short,e.g.,threemonths.

As we might seein afuture homeavork assignmentassetallocationdeterminesto a first approxi-
mation,boththesizeof returnandhow muchthereturnvaries.Historically, stockreturnsarelargest



but alsomostvariable,while U.S. Treasuryhill returnsaresmallestout morepredictable We will
assumehat our retiring couplehasdeterminedheir reward-risktradeof by allocatingassetsnto
categoriesaccordingto fixed percentagesA typical allocationis 60% large compary stocks,35%
long-termcorporatebonds,and 5% U.S. Treasurybills. At the end of eachyear the couplewill
rebalancetheir investmentto meetthesefixed percentageby conceptuallyselling assetgreater
thantheir desiredpercentagandbuying assetsvith percentageto low.

Although pastperformancedoesnot indicatefuture performancewe will useannualreturndata
from IbbotsonAssociate$Ass99. For eachyearbetweernl926and1997inclusive, returnsfor

large compalry stocks,

smallcompan stocks,

long-termcorporatebonds,

long-termgovernmentbonds,

intermediate-terngovernmentoonds,

U.S. Treasunybills, and

e inflation

arelisted. Inflationis notreally areturnbut thedecreasingalueof moneg. For example,if inflation
is 18.16%during 1946,we shouldreally withdraw

$40000(1 + 0.1816) = $47264

at the beginning of 1947to be ableto purchaséhe sameamountaswe could at the beginning of
1946.

To answerour questionof whetherwe will go bankruptif we withdrav mone for n years,we

will determinethe value of our investmentstartingin every yeary andendingat the beginning of

yeary + n. For example,supposeve areinterestedn aten-yeartime frame. Then,we determine
the value of aninvestmentstartingat the beginning of 1926 andendingat the beginning of 1936,
the value of aninvestmentirom 1927to 1937,..., andfrom 1988to 1998. For eachtime period,
we recordwhetherwe ran out of money or not. The probability of bankruptyg is the numberof

bankrupt-timeperiodsdivided by thetotal numberof periods.

To ease¢hemodeling,let usmake afew assumptions:

¢ Theinvestmentis rebalancedachyearthroughbuying or selling differentassetclassesas
necessary

¢ Notaxesarepaid. Thisunrealisticassumptiomprobablyincreasesurannualreturnby 1-3%.

e Investmentreturnsare exactly as specified. This unrealisticassumptioris probablyoff by
0.3—-4%annuallybecaus®f investmenexpenses.

e Weignoreroundingto dollarsor cents.

1.3 Computational Model

Write a computemprogramdeterminingthe probability of not runningout of money given

e ary initial investmentvalue,



e ary annualwithdraval amount,
e ary assetallocation(totalingto 1.00),and

e ary investmentime frame.

One approacho solving this problemis to write a computerprogramP that hascommand-line
argumentgor

e thehistoricaldatafile,
¢ afile containingthedesiredassetllocation,

e theinitial investmentalue,

theannualwithdraval amount,

theyearto begin thewithdrawals,and

¢ thenumberof yearsto withdraw.

This programwill returnanindicationof erroror, if noerrors,thevalueof theinvestmentttheend
of the time period. We canwrite anothercomputerprogramto run P throughall of the historical
data,accumulatingheresults.

| conjecturebut have notverified,thatonepasshroughthedatawill yield answerdor all theyears,
evenwithout usinganarrayof valuesfor all the currenttime frames.Why not just usethe simpler
approactbecausehe programs runningtime is soshort,it is notterribly important.

1.3.1 Clarifications (2000Feb09)

¢ Thefile of returnsspecifieghe percentag@creasen eachassetlassfrom 01 Janto 31 Dec.
For example large-capstockpricesincreasedy 11.62%from 01 Janto 31 Dec1926.

¢ Model withdrawing the mone/ atthe endof eachyear The specifiedwithdraval amountis
thevalueof monegy onthefirst day of thetime period.

¢ Be carefulaboutthe numberof yearsin time frame. For example,oneten-yeartime frame
begins 01 Jan1926andends31 Dec 1935. Thus,oneshouldusethe returnratesfor 1926,
1927,...,1935.0neshouldalsoinflatethewithdraval amountby theinflation ratesof 1926,
1927,....

e As written abore, the assetallocationsshouldtotal to 1.00. Why not just malke this afile of
oneline with assetllocationshaving the sameorderasthe historicaldatafile andseparated
by whitespace?

1.3.2 Programming Niceties

It would be nice but is not essentiathat your programbe flexible enoughto acceptmonthly data
ratherthanannualdata. It would alsobe nice to acceptary numberof assetclasses.An optional
featurewould betheability to specifythefrequeng of rebalancing.



1.4 Verification

Your programshouldbeableto recreateall thetablesin the article by Cooley, Hubbard,andWalz.
Notethey usedatathrough1995,not 1997.

Of courseyour programshouldalsobeableto do more:

e dealwith six differentassetlassesndallocations,
e dealwith ary withdraval amountand

e dealwith ary withdrawal time frames.

| have alsopostedmy computemprogramagainstwhich you cancompareyour answers.

1.5 Validation

| do notknow how to validatetheresults.Doesarnyonehave ary ideas?

2 Accumulation Problem Statement

Write a computerprogramthat determineghe probability of accumulatinga specificamountof
mone given

e ary initial investmentvalue,e.g.,$0,
e ary annualaccumulatiorrate,
e ary assetallocation,and

e ary investmentime frame.

Hint: You shouldnot have to do muchwork.

3 Questionsto Answer

Pleaseprovide written or typedanswergo thesequestions:

1. Approximatelywhat amountper year do we, asyoung people,have to save every yearto
obtainaneightypercentthanceof accumulatings1M in 10, 15,20, 25, 30, 35,and40years?
Answerfor a handfulof “reasonable’assetallocationssuchas Cooley, Hubbard,and Walz
chose.

2. To afirst approximationhow muchcanonecontritute annuallyto anIRA? (Hint: SeelRS
Publication590.) Whatmustonedo to malke this enoughto reachthe $1M goal?

3. Whatis theprobabilitythat$1M will last10,15,20,25,and30yearsassumingawithdraval
rateof $50K peryear?

4. A lot of peopleconsiderthe GreatDepressiorand subsequentiecadean aberration. How
doesyour answerto the previous questionchangewhen consideringonly the post-WWII
periodof 1946-19977?



4 What FilesDo | Need?

Thelbbotsondatais available.

My code,to computethe valueof theinvestmentafter a particularperiodof time andstartingat a
particularyear is available. It runson my Linux computer Thecommandine agumentsare:

. thehistoricaldatafile,
. afile containingthe desiredassetllocation,

. theinitial investmentwalue,

1
2
3
4. theannualwithdraval amountasa negative numbey
5. thenumberof yearsto withdraw, and

6

. theyearto beagin thewithdravals.

Theprogramto repeatedlyinvoke this programis omitted. Pleaseeportall errorsandsuggestions.

5 SubmissionRules

Useary programminganguageyou desire. Gradingwill be basedoredominantlyon correctness,
with asmallportionon programmingstyle andyour written answers.

I will runyour codeon a computersciencelinux computerso pleasecheckthatit compilesand
runsthere.Pleasecheckthatit compilesandrunswithout ary errorsor warnings.For example,the
g++ compileroptionsto producewarningsare- V&l | - pedanti c. For example,l cancompile
using
g++ -Wall -pedantic foo.cc -o foo
Pleasesubmityour code,enoughdocumentatiorio know how to compileandrun your code,and
possiblyanswergo me (oldham@cs.trinitedu). If you needto submitmultiple files, pleaseusea
commandike
shar -msourcefiles | mail -s "CS3352 Homework 1" ol dham@s.trinity.edu

Pleasedo not submit executablesor Microsoft Word or similar documents.| want to have the
privilege of looking at your code.

References

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

A Tipsfor Programming

Unlike mary otheractvities in life, it is generallya goodideato incrementalwrite a computer
program.Thatis, startwith a simpleprogram slowing addingfeaturesandcompleity, beingsure
to checkthe programat eachstep.Hereis oneway to write the computemprogram.

1. Write a“hello, world” program.



2. Write aprogramthatreadsin thedata,printing it outto the standardutput. Seealsomy tips
oninputin C++.

Write a programcomputingthe valueof a stock-onlyportfolio for any particulartime frame.

3.
4. Modify the programto permitholdingsstocksandbonds.for ary particulartime frame.
5. Modify the programto permitary assetllocation.

6.

Write a programto repeatedlyun your otherprogram.

If you getstuck,pleasecomeseeme. Pleasalo notgetstuckontheinput, output,or command-line
argumentsthesearenotthe point of theassignment.

If you needhelpwith the math,comeseeme but bring your ideaswritten in mathor English. See
alsotheauthors’appendix.Note,if thevalueof aninvestmengoesneagative, it shouldstaynegative
sothereis noreasorto aborta computatiorearly

B AssetAllocation Classes

For the purposeof the program,we neednot know the definitionsof the differentassetlasseshut
we includethemfor completeness.

Lar ge Company Stocks: Stockscanbedividedinto threegroups:large, medium,andsmall,i.e.,
large-capitalizatin, mid-cap,andsmall-cap,accordingto the total worth of the company’s
stock. Somedefinitionssplit the catgyoriesaccordingto specificmonetaryamounts.Do not
believeit. Large-compan stocksarestocksof companieamongapproximatelythetop third
largestU.S. companieswvith publicly-heldstock. Our dataactuallyrepresentshe stocksof
companiesn the StandarcandPoors 500 StockCompositdndex (S&P 500).

Small Company Stocks: Stocksof U.S. companiesamongthosehaving the smallesttotal stock
worth. Ourdataactuallyrepresentthe“fifth capitalizatiomuintile of stocksontheNY SE for
1926-1981andthe performanceof the DimensionalFund Advisors (DFA) Small Compary
Fundthereaftet

Long-Term Corporate Bonds: Bondsare cateyorizedboth by the time to expiration and by the
issuer “Long-term” generallyrefersto expiring in atleasttwentyyears.“Corporate”’mean-
s issuedby a compan. Our datarepresentshe “SalomonBrotherslong-term, high-grade
corporatebondtotal returnindex.”

Long-Term Government Bonds: Bondswith long durationandissuedby the U.S.governmentor
affiliated agencies.Our datais “measuredusing a one-bondportfolio with a maturity near
twentyyears.

Intermediate-Term Government Bonds: Bondsissuediy theU.S.governmenof affiliated agen-
ciesand“measuredisinga one-bondportfolio with a maturity nearfive years.

U.S.TreasuryBills: To payfor thefederaldebt,the U.S. governmentssuesbonds.Treasurybills
have adurationof oneyearor less.In particular our datameasureérolling over eachmonth
a one-hill portfolio containing,at the beginning of eachmonth, the bill having the shortest
maturity not lessthanonemonth?

Inflation: A generalincreasen the pricesof goodsor services Ourinflation measurés the“Con-
sumerPricelndex for All UrbanConsumefCPI-U), not seasonally-adjust”



Quoteddefinitionscomefrom [Ass95. (Anothergoodsourceof financialdefinitionsis Vanguards
glossary



