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SUMMARY

This research is Frimarile oriented towards the
investidation of abandormment as an  integral reart of =2
sepaunential carital rationing FTODEsS . The investment
gsituation covered bw the study dis orne where investment
decisions are made on a redulary periodic Dasis  and  tLhe
ohJective 1s Lo maximize the total sccumulsated wealth of a3
herothelticasl firm al some rredetermined horizon time. It is
assumed that the ouwtcome of the rrorosals is stochastic and
that there is mo information about the invesltlmenlt =rorossls

tLhat maw become available in the future

-

The rrobhabilistic nalture of the irfnvestment rrorosals
determines the rneed to derive an abandormert rule carable of
gesling exrlicitly with risk. Since the decision to hold or
to abandon a8 sroJect maw be viewed as a decision to acceslt one
of two motuslly edelusive altermstivesy three mebthods commonly
WLN=Thl in decision making under risk are analuzed! the
Fropebilitey of Loss Mebthodr the Coefficient of Varistion
Methodry and the Eueected Gain Confidemce Limit Method, The
latter rroves to he the most advantadgeous for the rurroses of
this researchr and it 15 weon its theoretical basis that the

aandonment role is derived.



A simlation model is develored to gernerate a number of
investment situationsy where the decision making rsrocess 1is
rarformead, Im each situationr & comrarison is made beltween
the results obhtsimned for Lhree carital retionindg coriteria.
The analuwsis ig also externded to cover the cases where serfect

informstion abhout the investment rrosossls is aveilable,

The results obtained demonstrate that wunder most
circumstancesy when carilal rationing decisions are made on a2
seavential reriodic marnmery the effect of making shandorment
considerations in  the evaluation of the erorosals is to
increase the Tirm’s weallth with mo sidnificant chandges i its
variabilitw. Tm additiorne the results show Lhat abandornment
has a dramaltic effect on the accumulated weallth of +the firm

whern greater krowledse aboul the rrorosals is availahle.



CHAFTER 1

INTRODUCTION

1ol Defirmition of the Froolem.

I recent wearss Dusinesamen have Braer Frapa L s
increassing attention to what might e called & more
"sodentific! awwroéch to carital exrendilture declisions. In
thisy thew have been aided b 2 frowing pode of writers who
have soudgnt to use methods of fimancizl and economic analuysis
in solving the rroblems that confront decision-makers 1 this
difficult srea., UOne class of reroblem thal has endendred
widesrread interest in business and academic communities is

carital bhudgebindg.

The term carital buadgeting referg 4o a3 moltifascetic

wnvestmert  scobivity that dezls with the effective ubtiliration



of carital resources. Basicallws ik involves the
aOaministration ard organization af carital exrenditure
rrogramsys the develorment of new investment orrortunities: the
estimation of the erarosal’s  FPuture disbursements and
receirtsy the evaluation and selection of the eroJdects based
uEon an asccertance coriterionry andr fimellwr the conbinual
reevalustion of the rrodects after their dimerlementstiorn. In
other wordsy the srobtlem that confronts the decision-maker is
one of determining how much carital is budgeted or  should be
nuddetad for investment at  the decision timess amd of
determining how the buddeted carital should he allocated among
the investment rFrorosals that are comreling for these funds

L4937,

Im this contexty the carital budgeting srocedure
traditionally followsd bw most investmenlt Firms has assumed
that the funds invested in 2 Ferodect are commited over 1its
gntire estimated life. Frorosals haves im0 Tacty  been
evaluated as though all outlaws were sumbk, This view of the
decision making rerocess has led those firms to am incomelete
arrraisasl of the ecomomic worth of  irvestment orrortunities
hecause it disredards the rossibility of abandoning srodects
before their estimated Life Qs over, It rpracticer it is
Frossible to find srodects bthat have substamltiszl sbsrdonment or
disrozsal values which maw have a sidrnificarnt effect wuron  the

apove mentiorned srrocess.  BSroecificalles the roecognition of Lhe



abandorment rossibility may  enhance the erodect’s exrected
return as well s lower its risk over what would be the case

1P abarndonment were ot considered.,

OF rarticular interest for this research is the
investigation of sbandonment as am drntedral rarl of a carital
nudapting rrocess where investment decision asre made on 8
gepaentialy Feriodic manner. Im such & situations abarndorment
maw not omly  dimerove  bthe owbcome of  the decisiorn making
rrocess  becanse 1t recodnizes the comrlete ecoromic worth of
Lhe rrorosals bty also because 1t dincresses Lhe flexibilitly

of the firm’s orerations.

Le2e Obviectives of the Stucwu,.

This studys is srimarily concerned with the estimation
of  Lhe effect that abhanodornment comsiderations have im the
saluticon of secuential casital badgeling eroblemsy where the
outecome of  the ihvmﬁtmmﬁt‘ Frorsoasales ies robt kniowsn with
certaintu, Im order Lo sccomrlish this ohbhdectiver a two ster

lan ds Followeds

1o Since Lhe outcome of +the investment rsrorosasls is
aaasumerd Lo he of erobabilistic maturer an abhandonment

rale  that talkes irto aoccaunt, the imeortand



53

torics

characteristic of risk behavior is derived, This
rule is referred to &8s the EGCL  Abhandornment Rule

because it 18 built uron Lhe theoretical hasis of the

#

Exrocterd Gain Confidence Limit (EGCL)Y comncert.

A simulation model is develored Lo generste a3 number
of irnvesltlmernt situstions where the decision making
Frocess Lakes HlE0e. Im each situstiaony 8 comerarison
e made bheltween Lhe result oblesined with aned  withoot
abandornment  for  threse caritsl raticonig coriteria.
placsy & comrarison is made belweern Lthe oulcome of the
i fferent criteria wher  abhardcdoraent s considered,
T addition bto these resullse Lhe anslusis 1%
extondad Lo Lhe cases where rserfect information about

Lhe future investment osrortunities is availaile.

.3, Flam of Shucda.

Charter 11 contains s review of the literasture on  the

related to bthis researchy L.e.vy 3handorment analwusis

carital  rabiomins, From that revieuwy two main

observations are T EWM . Qre  concerns  the lack of an
ahrardonmet vigle that Frorer ]y aecounts for L

decision-maker’s risk-return ereferences, The other refers to

wxistance  of rather limited arrlications of Lie

ghrardonment concest.,



Charter TI1 discusses the abamdommernt rules currentlw
available in  the literature. It also investigsates tLhree
methods  For  decisiorn making uander rigsks ore of which is used
Lo develor the EGCL Absndorment Rules 2 rule  that makes  an

exrlicilt caonsideratiorn of rigk in the decision maling srocess.

Charter TV describes Lhe seauerntial carilal ratbioring
rrocess  and rresents difFPerent models oftern gsed Lo make Lhe

carital allocation decision.

Charter V describes Lhe Fealtures and assumetions of the
gimulatiorn maoadel wsed Lo estimste the effect of making
atarndaornmernt  considerstions in tthe outcome of & redular
rariocdic  investment  decision srocess. The inerat rarameterss
assumed Frobshility distributionsy ard obther elenents  of  the

simulation are discussed,

Chaster VI defines the five idrnvestment situstions
covered bw bhe shtudws and analyres the results obtained in each
CHEGE. Inm additions this charter contai;msg  the sensitivity
analwsis of & warameter relevant bo the dermeration of the

abwardorment values.,

Charter UIT contains a8 brief summmare of  resultsy

conclusiomnsy and recommendatiorns for further resesroct,
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CHAPTER TT

OF THE LITERATURE ON ARAMDONMENT ANSLYSTE AMD DTHER

TOFLCS RELATED TO CARITAL RaTIONMIMG

Mecisions eesarcding cardtal and ontated exeeraiibures

r (e gy

are amond bthe towgnest  ased most o dmeoetant ool Lo

marrademernt These decisions zre  difFicult  beo

SLEe

tme o 3l Mave Lo

T e renuire krnowleddge of Lhe wunderleing seoos

b omsds on bhe hasis of rropebilistic sotimates oo forecssts.
Thelir imrortasnce can be atbtributed Lo several fachtors. Firste
considersnle amounts of monew are usually  involwvedt, Secoredy
thew  imelw s commitment to zetion over an sxtended Lime frame
anc thus conswne  other  velushble corrorate TEGOLIPCEE Toar
GrramEler time of executives ard techrnical sersonnely whioh
mizht be obtherwise allocated. Thirde the decisions  have a
ni=h wisibilite or wat some awthors term a "brick-and-mortar

e, giu mee wea grr e pes e g i
e T mEyTIeriee

For’ s ejme ] Yy Liat



sorves as a coanstant reminder of soor eosst decisians.

The dimrortanece of  the  drvestment decision male s

PO is confirmed Dy the externsive affoart thzt hes been

devotod Lowards its develosment. Courttless arbicles have

1

gpadressed  bthe sroblemy ard erovided bhe riecegcsary methodolosy
Lo dmerove Lbs ouboomes, Sracial attertion has beaen givern Lo
oarital rationing s zecest-redect decisionssy where
mathemastical erogerzsmming slavs 2 wsdor role. Fewlacemnent s

atyardorment analusice s wWwell 55 obber Losics: have zlso

recelved considerathle atterntion.

another faector of  #grezt  dwweorbzoce 0 Lhe  decision

malking  srocess s bhe dncoreorstion of risk ioto the decision

meride Sirmee uncertsinte may well he szt o e bhe dominset
characteristic of carital investmert decisiorns D481 sravidins
v @ , lusta with rrocoeduares bhath eweelicitiae tele drnbo aocount
+he variastrilitu of bhe altermratives ha2e oo 80 mador

[§

nrealcbhiroush.

I bhis studaes two of bLhe stiove menlioned Lorics a2re of
maJdar Coneerry giarndonment  anslwesis  and seoauentisl cssital
ratiordrg, Thnerefarer Lhe review of  the literature Degins
witn o discussion on abendonment analusis tordies,. The current

atate of the art on sberndorment decisiorn rales ieg smalured 6

dotoil. Thieres spehiorn 2.10.8 exgmines same 0T the most often



wsed rrocedures for estimation of  atardorment values. The
“aeeori haltf of this charter cortains 28 review of the
literature on sewuentisl carital ratiornirs modaels.,
leterministic anc  non-deterministic models are discussed

serarateld.

2,1 Review of the l_iterature on Abandonment Analuesis.

Bl thougn it stends a3s & #Hosl for  this research  to
gpatablisn  the imrortarnce of the abesndorment astions the esrlw
work by Robichek and Van Horme [571 showed ©bhat  this  osbian
ahould be considered inm the carital bhuddgeting srocess 1f Funds
are to be allocated ortimallw. In srite of thiss very few
articles have been written on the subJdect snd most of them are
Just slight modifications of bthe work of the above mentioned
BUthors. Therefores the review of the literature on
ahandorment decision rules is rresented 38 2 criticue of the
original article by Robichek and Van Horne where relevant
varigtions imtroduced bwe other authors are  mentiorned. Ther
follows & discussion abhout the estimatiorn of abardornment

values,

2.1.1_Thgﬂﬁbandmnmeﬁt Necision Rules.

As  Fodlnted  oul  abover the first arlbicle in the



literabure tiat, stressed the dmrortasnece of  considering
ahandonment in caritsl buddeling was Robichel azrnd Varm Morne’s

Fezd. The

i roint  in bheir srticle was thatd YL.. 3

srodect should he shandoned st bthat soint im0 bime when its

ghandorment  valure edeeeds  the net seresernt valwue of bne

subseauent exrechted Future cash Flows discounted st the o©cost

YONEY s g HT7ED.

of maritel rate.

Althousn bhe hassice ldes behind time article was correct:s

tths  dmrlemenltasticon nad seversal pitfalls. e s Dul and

Lorns D181 indicsted in 2 comments it ds  nmot  ernoush Lo krow

Wwhiether Lo 2  eroJect bDul slso whern Lo abazodon it

Srepdificallus e s that the a2bhsndonmeant IR E 0 Tl e
e lowed  mdst bhe one which sllows for z;n osbimal "timiceg® of
Lhe asbandonmernt decision.? Elyrag @971, Thus aven  when st

Tirst dnstance it oceurs  that  the zbhandornment value of a

At walue of corntirnuged oreraztions. Tty

wrodect exosds bhe sre

Fivrm maw wisn ko hold bthe srodect snd aaridarn b later at 2

shLill more srofitebhle time.,

I 38 resrording commetrty Robichel srd Yan Horne CEE
soecerted Mgl amd Londg’s  main =oinby 1oe B ey that the

abhandonment values srnalueie ashoauld  consider  Lhe  sossibilibs

that deferred sbhsndornmernt mswe be more desirsbhle tham sresent

sharndorment. Mowevers bhew oritisized JEYR arn long’ s

alaoribthim 595 e

D e vl wartially  coerrect.
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Specificallyey thew arsgued that the ididentification of tLhe
ortimal abhardonment reriod in e Dl sod Lomg’s model wonled

ornly be relevant when fuature orerabing casn Flovs  are  koowno

witn certsinbu.

This criticism led Robichel zsmd Yae Horme  to offer @
raviased  sbhandorment zlgorithm bhat casebuared e msin eoint of
Dwl arnd Lons sy srd wes intended Bo bhe "o cormaiderabhly less
costle  arg bdme cormsaminge .o LaEBewsg 971, The  ravisaed
Fobhichel sod Yarn Horme Fformalation ceeuires iddentificstion  of
ornly  one  instance where  bthe  srecsent value  of  eontinged

arerstions eqeeesds the abarndonment wazlue. I =ueh e hanoe

Loy the wradect te  neld snother  servioacd  asret Lhern

Rl E

reevalusted, bhased wurcn e exreoctations st Lhal bilme.,

Aalthoush the revised aldgorithn by Robichel  s2ried Van

Horne  maloes b azprezr bhat Dwl and Long’ s zesreosceh dis I rart

urmecesassrer in renrating aperoriate algorithm constroactione
Lhe sothors  did not exelicitly distinseisn betweer fuwo mador
classes of investment decisionsy which have Lo be  made  wsing
cfifferent seerosches [I70. Thew are bhe asccest-rodect (ang

lgar-ghardorn) rroblemss ano bthe mutually excluzive chaolos Carnd

carital rationinsd eroblems.

The asceoerh-~redJect decision sssaciated wWwith & srososed

1 ricat e Al raaud re &

investmert Foemdeot nlwkc
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determination of the srodect’s a wsriori ostimal abandornmant
rariog nor ite gssociated maximum met sresent value., AL the
armldst meadsy bo reach an sccerl decisions e bt Find one

art value dis rositive. This

instance  where  bhe nfnel sre
imelims that there 15 mo need for zn evshaustive  seareh

sharndorment algorithmy sueh se 0wl arcd Lores .

{rn the other harmdy e motually sdxelusive  ohoice  does
recuire  ddentificstion of  the 3 rrioril ortimal sbhardormend
e danf . This has Lo bhe dome bhecsuse  tbthe evistesnce of 2
rasitive  mnet  eresent wvalue For s rarticodlasr srodect ds no

tment an bhat  erodect.

lonmger 8 sufficient condgition For irnves
Since bthe mutually exclusive srodects urder considerstion are

ourcesy Lt ds

A1 comreting Tor sesres v

pach  one  irm ite snticirsted ostimasl rors

mutisally exelusive  onoloe decision PEQLIL TS a8 RMIEL

SEBTCN BFFTOECH

A secord wiLbFall in Robdcohel a2rd Ve MHorme s arigins)
article was & statement that future asbarndorment values are
assumed Lo be certsin a2rnd the resultant use of cosstant values
i bhedlr simalabion examsle. Im Facty discournting the futurs
abardonmernt values bhack Lo the sresent wsing  bthe oost  of
caritsl B the discount rater as Robidichel sed Ven Horme dide

imeelies nobt certairnty bhut rather thst bthe shandonment values

tripution:  naving  characteristicos

ST maarn values  of i
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similar to the cash flows agssociated with comtinued holding of
1L he Frodect, Ttrise as  Farras [501  indicstess in the
simylation the sbandorment values should e drawn From  such
distributions  for comnsisternswe with the underlawing theoretical
relatiornshisrs. This modification wroear Ly generalizes
Robichel and Yan Horme’se examsle bhut does mnot introdoce greast

variations in thelir relevant conclusionmng.

A different  arerosen to Lhe sierg rakdor af e

ahandorment  wvalues has  been srrorose by Boromi 8D, This
author states thet the abandornment values are also  desendent
vyarnr bhe erodect’s cash Tlow realizations so0e dr 3 simulation
af  bthe decision srocesss such  relabionshiss sk b
consicderacd, Thiis arproach has some areepl oghern the decision
malker is confronted wilth & keep-abarndon decision of s already
e Frodects Wi e L e e L e e atiout this
relationshis dis  availabhle. MHowewars whar  the dinvestmernt
e i s ion involves a choloes B mtbually  exolusive
alterantivesy tihe Frablem of eshablishing raalistic
ralatiormshirs between abendomnment values and cash flows For

311l the alternativesy diminishes substantialle that asreal.

A thirvd =itfall in the article bw Robichel  ancd Yan
Horme is  that it sssumes  that  the decisicorn-maker its risk

indifFferernt. The abandornmert rule srarossd din Lhe a2rticle 1

L oo valuess therefores Thodamelies Lhat in
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making the decision no comsideration is given tao the
variability of the cash flows and sbandorment valuess This
assumebion 19 somawhat onreslistic and also restrictive
because it led the aubthors Lo the formalation of 3 rule which
does not rrovide an oexelicit wew to incorrorate Lhe dimeortant
characteristic of risk hehavior. Im & recent articley Jarrett
L3461 develored arm  abandorment  decisiorn mocdel in which he
attemrted to dincerrorate  rigk  dnto  the decision erocess,
Unfortunatellw, his model is based om g Taully economic losice
arnd does not in general lesd to ortimal sbsrdonment decisions.
The imtedration of risk bhehavior into the sbhardornment rule is

one of Lthe tarics thaet will be addressed do bhis researobh.

Firmallwry other authors that have dealt with atbandgornment
are Herbst L2911y Schwesb and Lusstia CALY1. Merhst article has
two dmmortant  contributions, Firgtlus it establishes @
relationshis betweern abandorment and reslascemnent analusis. He
shows that Kobichelk and Ve Horme’s role is srelosgous ta the
"dual® of Terbovrdgh’s MAFL  method L4711, Althoust For the
situstion he analuzes Lhese ohservations are corrects
shandorment arid rerlacemant are intrinsicalle differemt
Frobhlemsy as will be discussed later i this chasters ared
should be arsroached in a3 differemt waw. Secordlys 4t shows
Lthe effect of considering the shandorment aoetion i ecasitasl
putdsgeting whern the decision is made ex-antes Lhet is before

Lhie casital is allocated. Sohwat ancd basstig Lald rote Lhat
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ahandonment maw also be a bheneficial alternative whern news
more rrofitable investments orrortunitiesy mutuslly exclusive
of  the ourrently owned srodecty hecome available. This
observation is certainly valid when the irmitisl esrodect is
Lrd@e ruay . Howevery when the abandonment decision has to bhe
made ex-anter Lhere is 3 significant rrobilem 1in forecasting
rrorosaslsy snd the buddget that might become svailable in the

frtuire.,

Ariother imrortant rroblem in abardonment  snalwusis s
the estimation of the zhardormert values. SHimiler Lo the
rrorasal ‘s series of cash Tlowss the series of  abandomment
values derends om & rnumber of factors. The bure of erodecthys
e Ffuncitiorn it Peéfmrmﬁr its usagesr obsolescencer and obher
envirornemeaental consideraztions rlaw a8 mador role in the

determination of the smount to be obtasined by disrosal.

ODearn L1%1sy Hendrick 281y and Sackmar L59)  asgree  that

there are two rossible valuation hases:

1 The ook wvalue (35 determined e substracting

desrreciation from oridinal cost).
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2. Market value of the asset.

lrimbwater ot  al. L1771 add & third  ard Foaurth
Foassibilities based on emriricel evidence. Thew have observed
that for some assebts bhe abandomnment valuss  Lhrousghout thedir
lives are nedgligibley and in other casses bhew zre simely &
constant Traction of the imnitisl dinvestment. Howgvars  Lhese

are gertainly exeertions,

(f the firel Lwuwo wossibilitiese Tesn LIS discards  Lhe
Fformer tecadse 1t 1s Ycleasrle and undisratably weons for Lhe
rurrose of oaeital budgeting® Dl3sed 14660, The hook value is
a oconcert inderendent of the Ffulure earningsy 1L rerresents
sunk, casts which has Decome irrevoeashle and  over  which oo
control can be exercised. Thereforer it its onle the markedt

value that is relevant as future esrndnds are concevnead.

Aalthough it is olear thalt the marlket value is the
adeauate  bases  Tor comruting the abandorment vaeluese: from an
analutical raint of view the estimation rroblem persists. N
formugls exists For determining arnd forecasting markelt values.
Everr if the amnalwst could develos such 3 Formulas  srime
consideration should be dgiven to the reriodic reaction of the
market L2817, In facty there is also a srobrlem of  oseorbumity
Wwhich has 2 definite influence i the smount that can bhe

obtsained for bhe sssel.
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In srite of a2ll1 these complicationsy several authors
nave srorosed some analutlical methods to estimaste ewrected
abrandormernt values., Terborgh 671 i 2 classical reference on
rerlacement snalusis assumes that bthe series of  abherndormernt
values Tollow & linear decaw funchtion. Eilon et al. L30T anrd
Grimuer L2271 wbilising emeirical evidernce on Lift trucks

suggast that the seriec De comsuted dsing am exronentisl decsw

Furmehiom. Firmallue Friberd L2511 uses s eaustion  whioh

relates the imitizl investment with Lhe salvaxe wvaluss throosh
several sarameters that can be adiusted Lo rerresent differernt
attaerns, He also eroroses a method bhased on bthe srorerbhies
of hthe RBetz disbribuation which allows the decision-maker Lo
oyt estimates of the abandorment wvalues wherr  lithle
information is availlsbhla.

22 Review of the Literature on Seauventisl Ceasitsl Rationimst,

The carital rationing decisiorn is the shase of  caritsl
Duddeting  that desals with the allocastion off soarce resourees
among comeeting  investment  orrortumities L7810, It dis a2
situation where not 211l rrofitable rrorossls can be undertaken
necause of limits orn Ffunds available for  investmest. S A
aleo & situation in which some srodects wibtiy lower tham
aeocertable reburn maw be aocerted if thew dererate funds  at

cruciasl times.
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Basicallwry the wsroblem that faces the decisiorn-maler is
one of determining bhow much of  the caritszl budgeted for 2
decision time should he sllocated among  the availsble
imvestment rrorosals.  Althoush bLhe ststement of  the sroblem
is  exbremelw simsles this wshsse of the cariltal baddeting
rrocess 1e concerbuslly difficults and  Lhe  subdect  of much
corbrovers ., Imeortant conflictindg wodrha are the
geterminatiorn of rrorer discounting ratess the utilizstion of
cormsistent cecision criteriay arct the  intedgration of
stochastic {(wrobabhilistic) considerations into the anslusis.
(S} mert b oredd atavey the latter constitutes & mador
preakthrough in the Field of casitsal investment decisions. I
the caase of caritasl raltioning decisiars 16 has rosted 3
lardmark which sesarsltes the conventiornsl aor deterministic
arsroachs where  the wvarisbles  tha clefime & srowossl sre
asaumead to bhe krown with certaintyy from the mnon-deterministic
arerTaachy where the lLnowledse about those varisbles 15 assumed

Lo he irncomeslete and of srobabdlistic nature.

0f srimary interest for this research is the sraoblem of
making carital rationing decisions omn 8 regulary reriodic
nasis. More srecificallgy the situation is one wheres in
every wreriody the decisior-maker examines a set of investmert
rrorosals submitted for consideration during that  seriod  and
thern makes ©Lthe investment decision at the end of the reriod.

A imeortarnt asesclh in bhie seocuertisl rreocess de bhs o amougnb
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of krowledsde the decision-maker has  atout  the  future
investments, (ne view of this rroblem is that he has comelete
krowledde z2bout the idnvestmenlt orsortunities that sare to be
selected Ffor imelementation at the sresecl and im bthe fuabure.
Whern  suchy ds  the cases the irnvestment decision sroblem is
reduced  to & comrutatiornal sroblem. @ more  commorn &g
gareral 1l Mo T e rractical woirt of  wiew dis that the
decigsion-maker hass comelete  dnformation  shoat onle  those
irvestment osportunities thalt sre to bhe considered i the
current decision seriod L4921, When such s Bhe cases b will

wroain v torw to maximize his wealth for every @eriod

irnderendentlys while at the same time sezvrcning for =2

recovere of the Funds committed to the srorsoassls,. Twiy oLther

situatiomnsy reobanly more reslistic omess 2re similar to tho

desoribed  anove tbuty in these the decisiomn-msler s bboowlocdse
ahout the srorosals amounts only to srobabilistico  infarmation
about  their receirte  snd dishursemernts. Whern bhese see Lhe

casssy soversl seperoaeohes which comsider risk maw e used,.

The review of the literature on thig toric bedginsg  with
a descerirtion of some deterministic arprosches bto carital
rationing. Theny in section 2.2.2. the review continies with
2 discussion  about nor-deterministic wethods. Firmallys in
gection 2.2.3» an  observation Qr e arelication af
agbandormnment asnalysis in seauential carital ratioming sroblems

e made.
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2,2.1 Deterministic Seauerntisl Carital Rationing lecisions.

Whoer comelete Enowledse of the idrnvestment srososals is
availahler two cases asre of imeortazncee,. One dis that where Lhe
Lrnowledse asbout the rrorosals euternds Lo the Ffubtuare. T otther
wordsy all  the rrorcsals Lo e submitted in the sresent and
forthcoming sreriods 2ra krnown with certsintw, T olher  oause
considers  the situatiorn where only the sroposale submitbed in
the correnlt decision ereriod are kboown Wit ceetainbu, Both

cases 2ve analured in the following sections.

2edel 1, Teterministic Case with Tomelets ITnifoarmation

shout the Fresent =200 the  Fobtore, T most comsrofensive

araglusis of bthis sroblem wes First made b  Weinsasrtper [FP371,
He wsed the Lorie and  Ssvasge scroblem D410 29 8 soint of
ciewarbure asrod Formalated s model  wheh oaxdimizes  bthe  Firm s
waaltn  dn 8 future  eredelermicned times ecsiled the slanming
thorizon (or  simslw Porizon). Althousgh Weingsrthner’s  work
corrtainsg  some simelifwing assumsbionss it is considered amarns
Lhe outstazrding sublications of  Lhe 19407«¢ beocsuse it
provided a correct theoretical formulstior armd btrestement of
constrained carital buddeting srobhlems  thraogsh the  use of
mathematical srostrammirsg. Since thers Lirmeasry ron-linsars
cuadraticy ard dunamic srodgramming have beern extensivelw used

iy solving caritsl investimernd BT L QME . Mathemztical



erogramming ls sreciallw useful im carital ratiorming decisions
whern  the rmumber  of rroreosals submitted in everwy reriody ard
the number of  rerviods within the  slarmrdres Marizon i
relatively large, Another desirable wroserty of mathemsticsal
rrogramming is That it ia ahie T Mamnle @sslly
interrelationshirs  smong Frorosslsr suoch as notusl exclusion

arnd Interderendencies.

A externsion of Weindgartner’s deterministic model has
peerr made  Dw RBernhard (51, He mocified the bhasic borizon
madel by adodimg constraints on the availatility of casital and
other searce  resolrces. This model also allous  Ffor the
incorrorastion  of oather (rossibhlyg ol nmer) ofvipetive

Functions.

Qedel 2 Determirdatic Case with Comes

gthhout  amle  the Froeosals  dn the Decision Feeioo. This is

rrohably the most extensivelw discussed case in casditazl
rationing decisions. T ome of the first bools thel covered
the subndectes Dearm D15 1 stated the sraoblem as ome of soreenins
the erososals o bhe  bessis of  Ltheir eroseective rate of
return, Althoushn the rete of return i an o dindeouate soreenins
measurey ard lean assumes  the srorosals are divisibles his
work sut carital ratioming on an economicallu mmﬁnd Fedat o

armd limited the degree to which rersistarnce and rersussiverness
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influernced the allocatior of funds. Latery Lorie and Savadge
L4139 eprorosed an 2eesrozachs where  the met sresent worth of
investmernts dis to be maximized subrdect  to the ohoice  of
investmernt satisfwing the condition that the imitizal outlaus
do not excesd the budset available. Mo dnvestment can be
undertaslken a8t mere bhan unit level mor less than zero levels
andg Lhe discount interest rete is khown 38 Frriori.  Originslluy
Lovrie a2and Savadge set  the rsroblem  as one that allowed the
choice of fractional srodects,.  This harerened mainly bDecause
at  that time *thew were not  abhle Lo core e@fFficlientlw with
inteder constraints. Laterr Ueindartrner 741 sutended the
lorie and Ssvaze formolation Lo sermit  Lhe  drnclusion of
erodects with severasl disbursementsy and im reference V781 he
Frovided several algsorithms to solve bthe sroilem with zero-one
constraints. The main difficulty in awrelication of tLhe
Lorig-Savadge model is  the determinatiorn of the discounting
razle that should be used for comsuating the et eresent worth
of  the investments. Lorie  and Savade L4001 amd Wedirnszrther
L7301 merntion the sroblem but oo not  solve it. Baumal  and
AQuandt L3171 attemsted gnsuccessfully Lo establish asprosisate
discovrting factors intermally by utilizing the dusl model.
Simee themy  a  number  of authoras inelodicdicg Carvletors D137
Elton [201 Muers L4461 a2nd othersy hMave Laker  Raumal  aed
fusndt s work as  their roint of derarture zrd sttemsted Lo
reconcile wariouws mathematical rrogramming formalsations  with

~arital market btheorwy. Howevers in recent rarers Weinsgarertner



L7771y armg Bradlew and Frewe [P1 have criticized those articles
hecause of their naive wview of carital ratiorming and of
carital markel behavior. Weindgartrer cornoluades that what is
rneederd  dis ot more  on how  carital rationing bties i with
carital market bub how carital rationing can mlaw a2 role in

decision and control within g Firm,

Returming to the caswital ratiorming sroblems it ahiould
e mentloned that btraditiormnalluyy this sroblem of mabing the
allocation wnen anly the srorossls available i the courrend
decision Faeriod Mmet e identifieds has  been solved
inderendently  for each reriod asnd  the effecliverness of
different decision criteria tested under bLhese ciroumnstances.
Such Frocecure disregards the dyrmamic nature of the osesital
alloecation #rocess. In fachty decisions are made paviodical lw
ang e corrent decisions intloaence future decisions bhirowsst
nuciget  constrazints. Nabkford and Thuesern 1491 use am areroszoh
whicn constitutes am exeertion. They  enslow  simulation Lo
compare bhe Maximuam  Proserective Value Criterion with aother
decision criteriazry using 33 a8 hasis for comrarison  the

accumulated wealth alt the end of the slanning horizorm.



2o Norn-deterministic Seauential Carital Ratiomirms

fecigions.,

The situation described hereafler is one where the
gecision-maker hss  to sallocste Lhe buddget availsbhle to & sel
of wrorossls which have cash Tlows not knows  with certaints.
Two QRGeS are o f interests one s thalt where the
decision-maker can identifw all the srorosals Lhst will be
availlsaible within the slarmding horizorns ool Lhe outoome of t;m
rrormosals e eropghilistic.  The obther csse is that where only
the  rerorossles bthat  maw be undertsken in the decision seriod
are kriown: and this knowledse amounts  onlw Lo srobsbhilistic

intformation  azbout  the srorosals i tial investmernt s cash

Flowss and life. Botih cases are discusseds i bthe followirs

sections.

2e2a2el Nom-deterministic Lasey All Frorosals within

e FPlanning  Horizos  carn be Tdemtified,. Whern the erorossls

aveilable during the current a2nd future decision cam be
tdentified: bult the cash flows of those srorasals are random
variablesr several differermt erocedures Tor makirmg Lhe carital
rationing declsion have heen sugested in bthe literature,
Burne et al. 121 use & ocharnce consbrained model  which
maximizes the exrected net sresernt worth of investmerits. In

this modely 3 grour rawback restriction is includedsy Lhat dise



a rrobabilistic weavgback constraint imrossed to all errorasals
simuitaneously,. RBermhard [5]1 has shown that this model makes
same  ewbremely simelifeing assumetions in order to be able Lo
incorrorate meaninstul chance constraints.  Mao D427 nas  also
criticized it for its lack of realism. Another arelication ol
chance constrained srodramming to carital ratiorning decisions
nas bpeen sudgested by Naslund L4771, He onanges Welndgartner’s
L7231 deterministic cash bDelarnce  copstrsints dinbo chanes
constraints:  and  solves essentially the ssme sroblem. This
model has slso been criticized bhecause of ibts  unreaslistic

agsumrtions L51.

Salarar and Ben 401 thave srorosed  Lhe S of
stochastic linear srogramming to determine tha sxrectation and
variabhility of the return srovided hwy &8 set of srososals.
Thew use WHeindasrbrer’s bssice horizon model 8% 38 moint of
vderarture and exelore the effects of two Lures of rislk. The
firet ture is the effect of Future variations im significsnt
ard  comretitive wvarizbhles which sre likely to  influence
subpseauent ocash fTlows, The second twee of risk involves the
imtrimsic vearisibllite of  the cssh Tlows, Usims tiris
rrobabilistic informations they simulate Lthe outcome of bLhe
rrososals and bthen arrly Weindartrmer’s  mnodel Lo the data.
SBeversl runs  eprovide an dnsight  to the distribution of

returns.,



Firallay Lackett &rid Gear 401 nave externded
Weingartner’s mathematical srogramming formulation to 3llow
for the inclusion of srorosals which demand reriodic decisions
throusgh their lives., Thew use decision  bLrees to  resrese;nt
each  mrosgsal and a8 Torm of stochastic inleder srodgrammicng to
ortimize the selection of & subset of rrorossls. The authors
nave observed that their asrroach is verw inefficient wher Line

~

rumber of prorossls is lardge. T thaet case thew recommerd Lo

se linear instead of intedger prosrarimimst.

2aRa242 Mor-deterministic Caser Onlw Lhe FProrosals in

EﬂﬁmpﬁﬁiﬁiQﬁ_E@?@”@‘?Sﬁ_h?uﬁﬂﬂﬁﬁiﬁiﬁd; Im this cases ornlw Lhe
rrorosats that mew  bhe ugndertablben  in the  curremt  decision
reriod are lrmowry  asng this  knowledsse amounts onle Lo
rropabilistic  Lrformation  sbout the rroraesl Ta it isl
irmvestmerty cash Fiows; anct lLife. Several seocedures Lo solve

Lhis sroblem have bheen erososed i Lhe  literasbure. Some of

Lhem are discussed in the Tollowind sections.

2.2.2.2.1 The Emxrected Net Fresent Woerth Maximization.

This method dis an extension of the Lorie-~8svadge sroblem C410
to consider srososals Wwith stochastic behavior. I facty tLhe
formuelation 48  the sames Lhe only variation that is made ie

that herer eurected values are  Usead insteasd of  sresumably

certain values. This formulation of bthe carital rationing
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roblem imelies that the decisiorn-maker is  risk indifferernts
ieere  Lhat he gfives no consideration to the varviability of the
rorosal’s ouwbcome when allocaticng the Fumds,. Tt slso implies
thet the decision-maker krows the srobabdlity distrithgtion of
Lhe relevant random variasbhles. Usirmg  this dirformations he
comrutes  the exrected net  Fresent wortn of the investmert
Erorosals and bhases his decision on bhose exrectasblions. &1y
extensive arnaslwsls of this sroblem bhas been made by
Weirdartrer L7731 and Fogler 241, Feterser [541y Glover [247]y

Karlan L3813 Memnauser and Ullman 0487y FPeterson arnd Lusshhunm

1 nave also formulsted the carital ratiomnirng  sroblem  im

Lerms of the Lorie~-Savade model.

Im reference 1741y Weinsartner oextends the orisgirnal
Lorie~Savese rsroblem to consider second-order effects derived
Fram intervelationshirs amonsg the srorosals. He also rrovides
a salution  for the resaltimg cuadratic inteder srogreamninsg

mocfel threoush Reilter’s method L%67.

A cifferent aerrrosch which alsgo uses esxrected values
nas  neen rrorosed by Cord D143, He erroneously maximizes the
FroFosals exrected rate of return.  Howevers his model has am
interesting feasture in that it irtroduces g comstraint on the

variability of the rrorossls,



pe- e B B SR N The Mean Varisnce Critervion. This method

is a direct arelication of Markowitz’s waork on rortfoliao
selection [[431. He sudgested Lhat the decisiaorn-maker should be
interested in  the srobabilitey disteibotion  of  bis  future
wealthy  and that the selection of investment srorosals should
deals &t the verw leastr with some measure of disrersion of
this distribuation as well 3% with its cenlbral Lendencwy.
Harkowitsz s theorw starts with the simele sssumsLion that "...
Lhe investor does (or should) consider ewrected return s
destranle Bhing and variance of returm an undesirable  thing.®
Cadsrs 771, Thuse the decisiorn-mabker would srobably seel oul
a set of rrorosals (rortfolio) which erovides  bthe  marimuam
returm  for & diven level of risk (disrersion or variance) or
the mirmimam risk Tor 8 diven level of  ecaturr. Since each
clecision-meker mas welgh risk arnd  reluarn differentluy
Markowilts malkes no attemert to srecitfy the exsct rrefTerence of
oXWE R o] drmedlvicdual P20, Father he sthtemerbs Lo Fimg srortfTolios
whii e rrovide maximum return for every rossible level of  rigl
g minimize the risk for every level of returmn, This sel of

rortfolios dis referred to as the "efficient? set,

Reumold [231 has shown that Markowitz’'s  "efficient® set
contains some rortfolios which should be redected oul of hand.
He states that the variance (or standard deviatiorn?) is nob a
good measure of risk ser-se. That sometimes an Lnvestment

witit & relativels high varisbhility ey he safe if its exrected
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return  dg sufficiently high., He thern sroroses the use of bLhe
avrected dain confidence Limit instead of the variancer 2% @

meassure of risk and a8 solution for Lhe sroblem.

A simelitied model for rortTolio selection hes been
deve lored bw  Sherre 4631 He observed that Marlbowite's
rrocedure is auite time comsumingy Arimarily due Lo Lhe matrix
imversion reauired  for comeuting the coritical lime C231¢ 2nd
thuis ds not orrerationazalls fessible. Sharre offers arr
zlternative comrubationsl schemes the Disgornsl Modely which
assumes that the comovement of Lthe securities derends onls  on
their resronse Lo a8 pasic underlweing Tactory @ single market
incier. Some asccuracw  isn sacrificeds nut e savindgs  dn

comrlexity are significant C237.

A mew method which combines the beszt festures of  the
Markowitz’'s armgd Shaeree’s models has recoprtly beon develosed o
Ermmslin L2171, Hig COwele Elimination HModel sulves the
sortfolio selection sroblem with the full variance-covarisnce
matrixy as formuylated bw Markowibsz 431 wetr the set of
efficient rortfolios is determimed in g Fraction of the time

reari rect by Sharre’s mocel [23]3.

Im  the arrlicetion of these corcerts Lo carital
rationing decisionsy the decisiorn-maker is ssked to defime his

rislk-return rreferernces., Thus defiming a critical lime. This
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information is  thern used alond with the ewrectation arnd
variance of the outcome to establish & measure of the
decsirability of each srorosal,. Firmallwy the budgel available
in the cocurrent decision  reriod is  allocated smong  those
FrOr0sals which srovige the most ereferred risk-return
combinations,. Several model of this form are discussed bw
Faetarsor and Laughbunrn D950y Weingartner [74]1r Bew and Forter

C&671.

DeRe22:3. Exeeclted Utilitw Mawimization Criteriorn.

Orme of the most widely discussed aerroaches Loward risk in the
carital rationing literature 1% the Erract o Ut litw
Maximization Criteriaon. This arrroach tilizes L
decisiorn-maker’s utility function to formaslize his  Judsemert
aof  risk tradeoffse. exrressing it cuantitativelw so Lhel the
gselection of rrorosals witn different risk srofiles maw De
carried out [341, It is an esrecially useful arFrosch whan
the decision—-maker sresents 2 non-linesr utility function (&
Lirnear wtilitwy function is analodous to the exrected values
masimizstion). When this is the caser giver the Torm of  the
fumetion amd dts rarsmeter valuesy the decision—maker maw
search for the set of rrorosals which mexwimizes Lhe aexrected

value of the funebior. Weingartrner L7471, Feterson ard

Lausghhunm 0F have analwzed the situstion wharea the

decisiorn-maler i asesumed to have & auadrstic  abilitw
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functiony and the relationshir of this model with the mean
variance criteriorn. Hitlier [34] studies the deneration snd
wae of exronential wubility functions. He rwsrovides a8 simele
rrocedure Lo comeute  the function amng in reference [L33] he
describes two solution rrocedures for seeking the combination

of errorosals that maximize the exrected wbililu.

The first and most difficult recuirement of  tLhis
criterion  is to derive and serecifw a mearirnstol oobilitw
functiom L3511, This task i1s often comrlicated ha the
axistance of a dgrour of decisiorn-makers. & second sroblem is
that urnder nearly all cirvcumstancesy finding Lhe exsebt  wvalue
of Lhe exrected wutilitwe furmctiorm is nolt a straighlt Fforwsed
tasky since this reauires caloulating the exerected valug of &
rather comrlicated Furnctionm of 3  random varizole (the net
Fresent worth) having serhars @ verw  comelex  distreiboation
fumction 347, As  orrosed Lo the Tirst sroblemsy which is
inherent to bhe areroschr sowme solutions have Deon rrorosed Lo
the second one, Bussew and Stevens L1IOT have attemsted Lo
resresent  comslex  ubilitw fumctions throusgh high-order
Frolunomialsy whose exrectation is easier Lo comeute, Millier
L3471 simelifies +the eroblem sssuming  mormslity € the

cistribttion of the srorosal’s rreasent worbh.

2.2.2.2.04. The FrodJdect Balarnce Criterion. Whern the
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investment decisions are made orm 3 sequentialy reriodic hasiss
8 relevant factor which is rnot tsaken into sccocount by srw of
the criteria described shove is the rate st which 8 Froross)
recovers 1ts initial investment., This is 30 imrortsnt fFactor
NeCHIse it CONvewss informastion redgarding  the internsl
generation of furds for investmernt i the Tuburer which 1is &
determinant of the Flewibilitey of the firm’'s investment
gotivities L3121, & rather unicue arprroach  Lhat tmkea- Lhvio
Tactor into asccount has  been  erorosed by FParie snd Thuesen
L5521, Thew develored the Prodect Balance COriterion which
makes the asllocation decision according Lo & meassure of
desirabhilitw that reflects Lhree af Lhe Frorossl s
characteristicst rsrofitabhilitws variabilitwy and Flexibilita,.
The rrafitabilits is measured bhw Lhe exrected value of Lhe net
rresent  worth,. The wvariasbility is measured by Lhe starndardg
deviation of the net sresent worlbhs  and bthe flexibility s
measured bw  Lhe resolutiorn of wreerltaints Lhroush btimes. The
measure also comnsiders bhe decisior-masker’s  attitude Lowasrd
rish in maling Lhe tLrade off betweern exsrectation and

variashilits.

Lis i simulaticons stochastic FrOEranmi sy arl
Weindartner’s horizon wvalue as a measure of effectiveressy
they show that under most circumstancess the Frodect Balsvce
Criterion serformes significantly better than the currentlw

vsed decision oriterian.
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2:243 Ahandornmernt, Anaslusis dirm Seauential Carital Ratiornirns.

It 1 also imrortant to mentiorn that the article bu
Robichel srnd  Van Horne L3731y as well as most of the articles
that have dealt with the sbandonment ortiorn thave rerorted
Lheir results on single reriod caritsl rationing decisions and
on  accert-redect Froblems. Furthermorers nowhere L0 Lhe
Literature has the prodect shandonment orbtion been regarded in
an environsment where carital s3llocation decisions are made on
g redgulsry  reriodic basisy and the ocutcome af the erorosals
ot known with certainty.  Shore [a4) analuyses btha offect of
piidsget  comnstraints on reslacement decisione which are often

confounded wilth abandorment decisions.

At this soints 8 distinction should he drawn bheluweasn
the sroblem of abaﬁdmﬁiﬁﬁ 8 rrodJdect and of reslacins dit. I oa
rerlacement decisiony the rrodect is not necessasrily sold. It
sy e retasined in errogressively desirsded servicer so that the
tdecision to reslace does ot stirolate diseossl of  Lhe
diselaced srodecth, Moreovery rerlacewmernt imerlies a decision
to continue Lthe sctivitwr whereas abandorment of & erodect
mormally mezns discortinaamce of bhe activitu. Im a corrorate
Firmy bBath reslascemnent and abhandornmernt irvolve tramsfer  smorndg
gssets oFf stockholder’s fundse bt an asset abandornment is 3

conversion of 8 srecialized ssget into  derneral eurchasing
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raWwers  while rerlacement involves a direct and mnarrow cholicos

im tramsfer LLH5D1.

The current arelications of abatciornmernt snslysis  have
rnot considerernd abhandornment as  an  iptedgral sart of &
seauentialy reriodic carital budsgeting sroblem. Therefore it
is  the rsurrose of this studw to develor & neltnhodolosdw that

Will 2llow orme Lo investidate such 3 situatbior.



CHAFTER TTIL

THE ABANDOMMENT RULES AND RISK BEHAVIOR.

Section 2.1 of the rrevious charter summarized the most
imrortant develorments in the field of abandornmenlt analusisy
ang its imelications in caritsal buddeting. One of the roints
raised in that summary was thatey dessrite the Tact that severasl

wesrs have rassed simnce bhe first srbicle thal stressed bhe

imrortance af Lhe sbanpdorment corncerst arreared in  the
literaturey still some of itse eitfalls have rmat fEen
rectified. Thig charter concentrates on the arialysis of orne

of those ritfalls. Srecificallyy or  the develosrmernt of an
atrancioarment ritle  which takes idinto account the imrortant
characteristic of risk hehavior. The charter bhedinse with o

3

descrietion of the hasic assumertions used inm the formulation
af abarndorment rules. Thern foliows an exelamnation of  the

Exrected Value Abandonmernt Rules whnich dis basically the ssme



as thet srorosed bw Dwl ardd Long L1811, Herer 8 simerlification
in  the seolution Frrocedure is dntroduced with the arslication
af the srodJdect balance concert, Thereafters a3 suborbimal
atsndornment  ruley based also on the srodect balancey is
sresented.  This rule deoes nol consider  "timing®  in the
amnalusis of tihe rroposalsy put seems  areroriate Tor
arrlication  in seeuentlal carital ratiorirs el L sl ars .,
Fimallwy an  abandorment rule which takes inbto sccoumt rislk
behavior 15 develored. This rule is referred Lo as  the EGCL

Atrandornmernt Ruale.

J.1 The Assumstions in the Formulation of the abaridonment

Rules.

Thnis Section contains &8 summary  of bre simel b fuirg
agessumetions made irt the formulation of the abandormmenlt rules
currentils available im bthe literature. The basic  assumelions

arey

1+ The series of cash Flows are sasiimedd to e
incderendent of the series of  abandormenlt values,
PBomnini L8] stbudies s situsbion where this  assumstion
is  relaxed asnd solves the eroblem wsing Markov
chains. The erocedure requires the comreatation of &

transition matrix  for everwy erososals whichH renders
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the rroblem unmensdeable 1F the rumber of srorosasls

imcreases sidnificantla.

The casth flows and ashandonmernt values are assumed  to
nave wrobabhilitu distrinoutions Wi bty gimilar
characteristics. In facty in the simulatiorn model

thew are assumed to De normally disbributed,

In the Tormulation of the EGCL abandorment Rule it is
assumed that bhe i1rnvestor is "risk aversa”»r» which In
the rresent context is intererreted Lo mean thats 3%
to ortions with ecuzl exrected oubcomes that oetion
would e Frreferred that hsd the narrower seread  in
AR AN o3 O Bupworting this sssumetion is the work b
Wilkes 781 who states that "aAssart from Lhe obwious
desire ta svoid ruainogs  lossesy 1t i senerallw
accerted that ilnvestors are risk averters.® L78ysg

220,

A meaningful estimaste of the Mimimum Attractive Rate

of Return (MARR) is availshle.

3.2 The Exrecled Values Abardorment Rule.

The ashandornment rule hased an weactod values stabes
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thet 28 rerodect should be asbendoned at that time when the
exrected abandormernt value enceeds the discounted sresent
value of the rrodect’s fPuture exsected cash Flows. That 1sy
the spandonment value 1s  the relevant oerortunits cost  of
corntirning to hold & erodect at any rpoint in timer arnd it is
againgst this orrortunity cost that the successive stream of
exrected cash Fflows must be comrared C301. That streswm is
comrosed of  the net exrected cash flows sssocisated with
neolding  the rrodect for gither its remsining ecornomic life or
until some future date at which the then current exrected
aparndornmerntl value exceeds the discournted vaelues of all

succesive caeh flows.

The rroblem of Finding the ortimum  sbhandonment seriod
may arrear to be an involved and comelex oners given thatl it
reauilres an snalwsis of Lhe abandornment artion im esch of bLhe
upars of Lhe remsiming ecomamic Life of the rraodect. Tim fFacts
that oriniorn mew evern rersist after abserving Lhe sldgoribtim
rrososend bw Dwl  and Long L1811y which i3 by no means easy Lo

follow. Howevery the srocedure 15 little more complicatecd

tivam a8 standard discournting routines similar to the
"roll-tbeck* method wsed irn decision  bree snalesis. The

simnrlest wrocedoare has beorn wrorosed by Faeras £50]1 as s four

ster aldorithm?
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1. FReginming with the last wear of the srorosals lifer
discount the exrected ocash Flow in that w@EET

(irncluding arng salvage value) bhack one reriod.

2+ Comrare the resulting discounted casth flow with the
swrected abarndonmernt value asvaillshle alt the besinmins

of that seriod.

3y Add the dreazter of the two figuresy d.e+.9 Lhe larder
af  the discounted cash f{lows or the eHurechenr
ahandonmant wvaluey to the srodect’s exreclted cash
flow in the rreceeding reriode and discount Lhe  sum

haeck one Qear.

4, Rereat shkers two arvd three until the Future cash

flows have beern discounted haclk to the firsl reriod.

This srocedure of beginning at the ernd of the srodect’s
life and discounting the exrected cash Flows back one reriod
at a8 timer with reriodic comrarisons of the discounted wvalue
of  the srosrechbive cash Tlows and the current shardorment
value ensures caleoulstion of the cash flow stresm with the

largast discounted sresent value.

A more formal rresentatiom of this aldorithm  can be
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made tLhrough duynsamic srogramming,. BRorndimi £81 has rrorosed Lhe
following formulation:

Fing £(0) usimg the recursive relationshisrs

PO = ELAVILY] for seriod L.
FOE) = max LECAVIL)Y TS v (ELCFOL+1T + FOLH1200 for reriods

L to L-1 ( to be solved bhackwards startind from L-1).
OO = max €05 p(ECCFOL)] + FC1))Y - Colk for weriocg O.

Wineres
F{t) = grtimal exrected met Fresent wortn at seriod t oof the

rrosrective cash flows.

ELAVILY] = guwpected abandorment value st time €.
ELCFCE)T = exrected cash Tlow a3t time L.

L. = 1ife of the srodect.

r = digscounting factor = 1L/70L+1) o+ 4 = MaRR,

RBoth of the algsorithns srresented in this  section lead
to  an  ostimam  abandonment  decistion for Lhe evwrected values
arrroactty and  are  the most  adeanced rresented i tites

literature.

3.241 An Abwandorment  Rale  Bssed o bthe  Frodect Balarnce

Coreert.

Dne  of the main disadvantages of Lhe aldorithm

tevelored  bw  Dul and lLong LLI81 i1s  that it resuires 2
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consicdaerable amount of comrutation and therefore of comnrdter
time, Wherm 3 single srodect 1s analuzeds this disadvsnlade is
af Little corcern butey as the number of rrorosals  increasess
the rroblem bhecomes sisgnificant. Im order to simelifye the
comegtatioral rrocedure z2nd to Frrovide a8 bDackdground  for  the
rule  that will be described in the following sechtionsy a rule

hased on the rrodect balanee concest i noOw introduaced,

5(t)
Area of Positive Balance (APB)

5(L)

N N\?\\ Q e

\ Area of Negatiye Balance (ANE)
A

Figure 3.,1. Prodect Balsnce Pattern.

The eroJdect balance is defined as  the net equivalent
amount & Ffirm  has dnvested in a srodectys or received from a
rrodect at the end of reriod bty if the outstasrding balance st
tiwe end of each reriod Osle2reeet—1v is comrunded abt an

interest rate 4 during the following seriod L5110 CE20. I



41

mathenaticsl rnotations

SC0) = Co

S(t) = 141y SCb-1) + ELCFOED]
Wwheres

S(LY = emrodect belance in reriodg Ly L o= Ledr3raeavl..

i

i MARR .

i

Life of Lthe Frodect.

ELCF{EY]) = exrected cash flow in reriod t.

Co = imitial investmentl,

From this recursive relationshir it follows thaty

L o1
GCt) = Lo (14+1)  + ECCFCLYT (146D tosat ELCFCLY] (3-1)

I generals when Lhe 5(t) is rlotted as & function of
time over the erodect’s lifer the Lime =ath of bthe rrodect
nalance shown in Figure 3.1 can be obtairmed, This figure
shows the Tour different elements of informatiorn srovided bha
the srodect balance. Thew arer the ares of negative halance
(ANR)Y» the discounted sawbaclk reriod () Lhe ares of rositive
halance (AFR)» and the terminal erofitahilits S(L)  of  the

.

srogrosgl, Eaot of these rarameters can  bhe L TG G
mabhematically ss Follows:y

(=1
ANB = = §(t)
‘t,:::o

B = is the first eeriod for which S(t) 2 0,
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.
ARR = = 8(t)
t=0
The rroJdect balsnce sresents some verw interestind
rroerties which have been thoroughle discussed in reference
L5170, Among those erorertiesy  the most  lwrortsnt for the
Formulation of an shandonment rale is that the rrodect balance
reflects the amount of srofits (losses) that &8 e=rodect has
aceumulated i each wear of its entire Life. Thuases 0F in
reriod Ly the corressronding ahandorment value is sdded to  the
right hard side of eeuatiorn 3-1ly the sum rerresents the future

worth of the erodecty 1T 1t were sbhandoned in that reriod.

ECFWOLYT = Sdt) + ELAViL) ] (32
wherers
SLEFWOEY D = future worth if the srodect were ashardoned

i reriond .

ELAVCLYD = abandorment value irm reriod t.

Heres the cuestion i1ss how carn this informstion be wsed
in making  an abandorment decision P Assume that s irnvestor
is comearing the alternative of abandoning 3 rrodect in reriod
T with that of ahandoning 4t in reriod t+1. Hie decision
would certainle be to abamdon the srodect in reriod 4 if  the

following relationshir is satbistieds

Cl4a) L5y + EFAVCEYY 2 SCh+1) + ELAV(L+1 Y] (3-3)



What +this saws is that if the totsl asccumulated Frofit in
reriod b+l is larder when the srodect is abardorned i period
Ly then the rrodect should not be held for another period.
Ihserve that in this case the decision is made onlye om 8 two
reriod hasis. Wher the decision involves mulbtirle reriodss
tLhe investor should extend this same rationale to cover all

PETILacls .

The dHSeneral erocedure Lo deternine Thea arLimum

ahandornment reriod can be stated a5 a3 three ster aldorithme

1. Starting from reriod t=0 comround  the ELFWOCLXT one
reriod Torwasrd and comrsre 1L to ELFWOLELYde d.@ey
the comrarison is bhetweern

ECFW (1 = (14i) ELFWOEIT

and ELCFWCE+ELY T,
2e Take tLhe lardest amount of the twa values aboves
comroured 4t one reriod forward and Lhen comersre 1t to

the ELFWI(LYD in the next reriod.

3 Rewasat ster tWwo unbil the whole life of the srodect

is covered.

Because of  the information casrried by the #Frodect
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talancer this rFrocedure ensures calceculation of the cash flow
stresm with the largest exrected future worth at  the erd of
the srodect’s original lifer or eauivalentlwy wilh the larsesl
exrected net rresent worth. This is the same resullt given hw
el and Lomg  [181e  which sreferred for mullbirle choice

investment decisions.

The aldgorithm has been rrorosed in & forward manmer
hecause  bLhis will srove Lo he most uselful in the Formulation
aof the ahandornment rule of the next section. But it can aslso
he stated in a3 ba¢kward manmer Wwith no change in the finsl

s0Lution.

3.3 06 Subaorbtimsl Abtandorment [ule.

Tr 5@muentiél carital rationing decisionsy  whnere the
Future buddels are influenced bw current decisionss 1t i1s of
great imrortance Lo undertake rrorossls whioh srovide 2z fast
recaovery of its initisal irnvestment. The main rezson For dodirns
500 is bthat the Taster 8 eprorosal is reraidsy the soorner more
hudget 1is  svailable for reinvestment, In this contewxts it
seems reasonable to assume that occasionally it maw not  bhe
necessarw to wsit wntil  the osbimum abhandornment seriod is
reached to diswose of a3 rroJdect. It is somelimes rossible
that the esrorosal’s exeected met sresect worth maw follow a

rattern similar to that shown in Figure 3.1l.y whern wslobted



asgainst the asbandorment seriod. Im this caosaer it would
srababily be more convenient to abamdon the rerorosal im  bthe
Lhird seriod snd reinvest ids abandornment value im others more

srofitable prrorosasls available al bhst bime.

E{PW) . 0
I
|
9 o |
Profit ! Q o i ]
S A A
| | ! | : H :
T S R A
! 1 ] ! ' H !
! ! | | ' [ 1
' - ! ] ) A I L +
i & Abandénment Perfod
]
i
]
Loas !
'
3

Figure 3.2 ELFWIT v, Abrandorment Feriod.

an alternstive abandornment rule which comnsiders Lthis
rogsibility wowld drndicate that 8 srodect should bhe abandoned
at that time where the first rositive local oetiman  for  the
exraeted  sresent  worth  occurs.  In fisture 3.1, 0t would be

period 3.

This rule is obviouwusly subortimal from an abandornment
analusis roimt of views because 1t does ot sboandon Lhe

srosassls in bthat reriod that erovides the maximum exeected
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sresant worth. Howevers at this soint nothing can be inferred
2hout  its effects on the dgrowbth of &8 firm bthat mskes

imvestment decisions in 8 seauentialy Feriodic manmmer.

Using the same notation as  in secbion 3+2+1L4y Live

ahardonment, decisiorn aldorithm is 39 followsy

Le Search for the Ffirst reriod where ELFWOLY] is

rositive.

2 Comeute

FELFW2Cbyd o= Cl+i) ELFWCLY ]

3. Comerare this amounl to ECFWCLELYT. if

WY ds
analler then advance one reriod zng rerest ster tuwo.
I+ FEFW (YD) ds lardger tham ELOFWOLELY Tbhan abhaocdorn
tie  erodect  dn o reriod te O this until the whole

l1ife of the sroJdect is covered.

3.4 The EGCL Abandarument Rule.

It was mentioned in the srevious chaester that one of
tihe  eroblems that has not been adoressed in the litersture is

related Lo the i1hcorroration of the decision-maker’s risk into



the abandoning rules. In factey it can be observed that the
agldorithm rresented in Sectiorn 3,2,y uses exrected values as a
asls  For determiming  the ortimum abandorment reriod,.  This
imelies  that the decision-maher dogs  not consider the
variability of the alternative outcomes. I other wordsy il
is sessuned that he will alwswss  tLake Lhe abhandornment orbtion

whier carnfranted with the following situationss

Tanle 3.1 Three Cases on Abandornment Oecisions.

ABGNDON HOLT

ELaV)d f cLavikryd | EDFWCRYD | GEPW (L) ]

o _ T
Case I G000 200 4000 160

Case 11 2000 a00 4000 | 100

Case III 4700 1000 43500 106

wherey ELFWY] and CLFWCOLY T rerrasent the exrected value and

starndard deviation of the net rresent waorth of the s=raoseective

geries of cash Fflowsy respectivelu.

In the first casey it seems ressonable Lo take  Lihe
ahandorment  ortion because of its relatively hish exreclted
returm and low varisbiltge, Bub in the secarnd asnd bhird casess
where the wvariabilite of the sbandornment ortion incresses

significantlsy the rFrorer action is nol obvious.
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The wsroblem of deciding whether to asbandon or continue
to hold a rrodect can be viewed in the same waw a3 8 decision
o take omne of two mutuslly exclusive srrodects.  On one hands
there 1s the abandonment astiony which rProvides asn exrected
abandorment values ELAVCRY DYy with the corresronding standard
deviation CLAVIKY T, Orn  the other harndsy the hold ortion
rromises & certain exrected value and stasndasrd deviastion of
Lihe series of mrosrective cash flowss ELFWLD)  and GEFWHL) T
resractivelu, The statistics related to the srresent worth of
the rrosrective series cash fFlows carm e comsrubted wusing
Hillier’s areroach [32]1.

m

¢
ELFWCK)T = 2 ELCFG) T/ CL+i)D
SEREY]

NEND

m o 20000 i
CFW(kYT = ( = © [CFCIH)T/00+00) ) -
NEZNE o]
where J is bthe current decision seriod and m ds  the ocurrent
ortimal abandormernt rerioc. Dbhserve bthat simce the cash flows

are assumed to tbe motually inderendentr the covarisnce terms

in the exrression for the standard devistiom sre 211 zero.

I order to cbtsin 2 solution to this decision =roblems
the nrnext section contains 8 brief descristiorn of some of the
methods most often used in decision making urder rislk., Thery
arn abandonment rule based on the exrected dain cornfidence

Timit is descibed.
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3+4.1 Methods for lecision Malkinmg Under Rislk.

lecision making under risk refers Lo a8 situation where
the wsrababilitw distributions describing the rossible oultcome
of Ffuture events are known or assumed L1, T Lhis caser the
evernts are Lwors either to abendon Lhe srodect taking 8 chance
at a random disrossl valuer or to hold Lthe srodect wumtil  the
rnext  most rrofitable abandornment reriody baeking 8 chance at a
series of  random cash fleows thal can e discournted  &nd
sumnmarised into 8 eresent worth. I order to find & solution
Tor the rroblems bLhree methods are discussed in tne Followins
sections:  the rsrobshility of loss methody the coefficient of
variation methody  and the exrechted dwain confidence  Limit
methoo, The TFirst method makes use of the whole srobebilits
digtribution of the oulbcome when making the declisionsys while
tie laat two ﬁﬁ@ anlwy  the first Ltwo moments of  Lhe
chistritution.  Anobher diffTerence betwespn bLhese methods s
st the exeected dHain confidence limit recuires subdecltive
considerations while Lhe other two methods are bhased on

standard norms of bhenhavior.

I.4.1.0 s The Frobabilite of Loss Method, One  of  the

arrrogches  oftern uwsed in making investment decisiors hetween

riskw altermnatives is called the errobabilitwy of  loss  mebhod

LaPyd20. This srobabilty  rerresents the likelinhood Lhat an
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investmernt will wield & rate of returm less tham  the mimimoam
attractive rate of returnry or equivalentlyy the likelibood
that 1t will wiwlol @ rnesgative et Fresert worth.

Sumibalical Lluy
0

Follw = |} FIFW)Y dFW (3~4)
WhaTres
Fel.e = propability of loss
FW = met =resent worth.
FLFWY = net sresernt worth density Ffunction
Sinece losses are not desirabley the decision would be to

select bthat aslternative which mimimizes this rerobabdilitu.

The method assumes that bthe rrobability distribution of
the asltermative outcomes 16 krowr or may be arsroxdimated by 8
standard distribution furmction. I the oubteome is measured bw
the exrected net' rresent worthy Hillier L3321 has stoawn thel
Lhis Frobability distreibuation is  arrroximately normsl. o
that case ©Lthe comeutation of the erobsbilite of loss is

straight forward.

Trme main advantade of this method is its simelicity of
vae  ard  wunderstanding,. Onlw 8 basic knowledse of statistics
is needed sndey 0F the outcome s normaellw distributeds the
first moments of the srobability distribution is a8ll the

decision-malker needs Lo arrive al a decision.
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Its mador disadvantadge rests uron the fact that when
the slternatives have @ wverw small or rull srobsbilts  of
Meving lossesy the discriminsting asbhilitwe of the method is
reduced sidgnificently. This exrlains whe it is often used in

corJdunction with other screenind methods [Lé&91.

FIeds142, The Coefficient of Vasriastion Mebthod,. The

corfficient of wvariation i 8 messure that was originellw
develored by Markowits: L4311 a8 an alternative to the variasnce
Tor measuring risk. Van Horrme D701 has also used it Lo Lrace
the uncertainty resolution of a8 rrodect. I this cases the
messLTre 1% assument to summarize the decision-maker’s
rreference in risk-returrn. ITro its moast siwmrle forms the

caefficient of variation CVEx]r can he exerressed ass

CULwd = &= / Elxl {3~3)
Wwheres ¥ orerresents the outcome (rresent worth or aberdonment

value) .,

Im the decision making rrocesss bhis method calls  for
aecertantce of the altermative with the smallest CVIxI. The
ratiomnale For wuse of such method is elausibhle enough. The
larder the eaxrechtatiorny the larger is am acoestable range of
variation about that exrectation. To illustrate bLhe waw Lhis
methood oreratess recall the three cases rresented in section

Zedes which are rereated here.
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To facilitate the srnalusis assume that the outcome of
poth alternatives 1is riarmal lw distributed. Tihery b
definition there 1s onlw a8 146X chance that the realized
gutcome will ever fall oulside the intervzl E +&¢y onlew 8 22X
that it will be oubside the interval E + 26 and no more than

G.21% bthat it will fall outside E + 30,
Tatle 3.3 Frobasbilistic Dsls Tor Caese T,

ALTERNATIVE ARANDON HOL.I

E S000 4000
G 200 100

£l 0.04 0L 02%

E + 3¢ 5400 L4300
£+ 20 5400 4200
E o+ G 5200 4100
£ 5000 4000
E - G 4800 3960
£~ 20 4600 3000

E - 3¢ 4400 3700

ITm Tatle 3.3y Lhe worst asnticisrsted outcoome associated
withh the asbhandorn ortioney ELAVEYT - 3GLaVLY] = 4400y is
netter tharm the highest wossibhle outcome of the hold ostiorne

ELFWERYT  +  JICLFWUYT = 4300, Nows it maw well bhe auestionecd
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whether arvorne would still be willing to take Lhe hold ortion.
The difficulty with the CV is that the decision—maker is not
interested im the varishility 8s 3 relative magritudes but as
an actual magnitude,. He would rrefer the danger of coming out
% 200 short on 8 % S5y000 exrected return a3 agsinst & $ 100
shortfall below $ 4000 exerected returm. That. ise what
worries him is  hhe  edrected werar Or lower Dound  of an
alternatives outcomer not the relative variabhilitwy of the

outcome .

Se4.0.3, The ExrFrected Gain Contfidence Limit HMelhod,.

Another sreroasch that uses the standard deviation as a measure
of risk is the exrected dain confidence limit mebhod, This
metivered sometimes called the certainty ecuivalent method [41y
ism  buyllt weorn 8 measure  erososed by Bauamol L2100 in &
modification to tHe meEan variance criterion used in sortfolio
selection. The measure combines the eweected  wvalue  and
standard deviation of the rrodeclt’s outcome wilh & rarsmeter
that exsrresses risk benavior. Simbolicallwyy the relastionshis

PLey

EGCLExd = ELx] -~ |k Gl {(3-4)
Wherer
¥ o= oubcome
EGTL = exrected dain contidence Llimit.

o= riglk aversion coefficient.
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It cam bhe observed that ecquation 3I-6 assumes bthat the
decision—maker is a risk averter hecauseyr as the variabilts of
the  owtcome dncressesy a8 larder exrectation i recuired to
level off it redgstive effects, Whern the investor dis a8 rishk

segkery the arsrroriate exrression for the EGCL isy

EGCOLExT = ELxT + k7 CLxl {3~-7)

where L’ rerresents rislk seelind hehavior.

T equation (3-&)e if EDxd stands for the srofitlsabhility
of a8 rrodects Lhen the EGCLLxI is a3n indicator which correcls
thatl measure of desirsbhilite bw teking into asccourt. bLthe risk
Lhvalved G bhe  sroJdect. The result is & rew measure of
desirasbility that reflects the deision-maker’ s attitude

towards risk.

A4 differernt way of looking a3t the EGCL is  to conceive
it as & theorvelical “"floor" on the outcome af g srodect.
Where the #robasbility that the outcome will fail  under  that
flooar" can be comrFuated by standard statistical methodss e,
gder AT TLhe outcome is sssumed Lo e normalle distributed theres
for k=2 the erobabilite thalt the realizstion of it will be

lower tharn the EGCL is ordlwa 2%.

Ta em=low this methodr the trvestor must firsl edrress

his risk-return ereferences by choosing a8 srecific value of k.
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This can be done by intuitive selection or redression analusis
41, Thens follows the comrutation of the EGCL for all the
alternatives., Finmallwy the altermative wilh the lardest EGCL
is  ochosen. This rrocedure will lead to the selection of the
alternative which rrovides the highest "floor on earninds”
21, Whers  arrlied to the data in Table 3.2 with k=1ls this
method would select bthe abandon orption in the first two cases

arnd the hold oslbion in the bthird orne.

The advantages of this method asrel Firstluyy 3¢ the
coefficient of variatione it dgrours  all  bLhe relevant
information 1n & single measure. Secondlys e allowing  the
incorraration of the decision-maker’s risk charvacteristicss it
is 8 more fFlexible method. The decision-maber i rot
constrained to wuse conventiornal morms of behavior. Fimellws
it considers risk . in dts  actusl mesgnituder. avoiding the

rroblems eresented by bhe coelfficient of varialtion,

The matin disadvantsge of  this method ds  Lhat  the
determination of the coefficient of risk sversion maw bhecome 3
vary intricate sroblemn,. Esrecially comelicated are the cases
whnan  bhe decision is not mede by a single dndivicuasl and when
there is not enoush dats to compute the coefficient throudh

ragression analuesls.
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3.4,.2 The abardornment Rule.

Takitrg into account the advantases and disadvantasges of
the different methods for decision making uncder risk discussed
i bhe rrevious sectionsy it has heen decided Lo use the
exmeeted  dgzin confidence limit im the Fformulstion of the
rresent abandonment rule.  The EGCL rrovides an adecuste waw
to  incorrorate risk into the decision and also simelifies tihe
tashk bw collectimng s8ll the relevant informatiorn in &8 sinsile

MEBSLITE »

Iri gerneral termsy Lhe aparndornment rule dndicales thaet a
Frodect  showld be abanciorned at that Lime whern the EGOL of the
atranaorment value is larger than Lhe EGCL of the sresent worth
af  the stream of successive cash flows. This stream is
comosecd of the rmet cash flows aessociated wibth holding  the
rrorasal for its remaining economic life or until some Fubure
date at which the EGCL of the currenlt shandorment value
exceads the EGLCL of the discoumted value of all successive
cash flows. The erocess of finding the artimasl stbandorment
rariod  should besgin at  the end of the srorosal’s Life and
rroceed  backwards one eeriod st 3 time with @i oo

evaluations of the abandorment ostion.

Irn sldgorithmic forme the srocedure can he stated as

Tollowss



Beginming with the last wear of the srorosal’s lifer
discount the exrected value and variamce of the cash
flow in that reriod basck one reriod. Using Hillier’s

areroach 321 this would beys

ECFW{L~1)1 FECFCLYT / (L+1)

2 ol 2
g CRPWCL-1)7 GTLCFOT /7 (1+id

wherey
EL1 = prrected value orerator.
2
G L 1= variasnce orerator.
FWL-1y = Net Present Worth dirmn  Lthe mext Lo last
reriod of the cash Tlows in the last seriod.

CFL)Y = cash flows in the last reriod.

1= MARR.

..._
1
i

life of the srorosal.

Comrute the EGCL for the resulting discounted cash
flows ard comeare it to the EGCL of the abandornment
value at the hedginning of that reriod. Sirnce  the
decision—-maker is assumed to bhe a risk asvertery this

com=arison i made at Lthe low sicde af the EGCL..

Ao the exrected value and variance corregsonding to
the ortion with the lardest EGCL to ©Lhe exrected

value and variamnce of the rrorosal’s cash Flow in the
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rreceeding reriody arnd discount these sums ome reriod

hack.

4, Rerest sters two snd three urmtil the future cash

flows have been discounted baclk to the First reriod.

This aldgorithm ensures calculation of the gshtream of
casihh Tlows with the lardest ewrected aain confidence Limit aof

the discounted rresent worth.
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CHAFTER TY

DESCRIFTION OF THE SEQUENTIAL CAFITAL RATIONING PROCESS.

In Charter I1 it was rointed out that o;me of  the
eitfFalls in the oridinal article by Robichek and Van Horne
CE510 that has not been discussed inm the literature is  the
intedration of risk into the asbhandornment rules Thuss in
Charter TI1II the sroblem was addressed and an altermative rule
FTOROSE, Arother ohservation made inm Charter I is related
to  the ourrently rerorted arslications o atrandarment
Bnalysis., It dis known that in order to attain ostimality in
the allocation of fundsy the arrraisal of deterministic
investment rrorosals showld consider the sbharndorment ostiorn.
Howevery at rresent it dis not rossible Lo determine the
madrnitude of +the effect of that ortion on the firm’s wealthy
when carital rationing decisions are made on 38 redularsy

seriodic hasiss arid tHe outecome of the esrorosals is
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nan-deterministic, Since carital rationind 1is a dunamic
eroblems it is of irnterest to studwy the imrrovements that camn
he macde 1im  the rationing decision when abandorment is

imtedgrated into the analusis.

I order to understand how this intedration can be
mader this charter bedgins with 8 discussion on the obhdectives
and general drvestment decision rrocess of a Firm where
investments are made 1in 8 sequential manner. Thenes several
carital rationing models for decision making under risk are
described in Section 4.2.. The charter ends with a discussion
on the effects of rartizl ard comrlete information in  the

decision Frocess.

4,1 The Gerneral Igggstment Situation.

Orne of the ohJdectives of this shudy is Lo establish the
imrortance of  dncluding the abandornment ortion i secuential
carital rationind decisions, wher the irvestmernt rrorosals are
mot  krnown with certaintg. Srecificallws the situstion is one
where the decision-mazlker krnows only the srorosals avatilable in
the current decision reriod and that krnowledse is restricted
to erobabilistic information about the rrorosal’‘s receiptss
disbursementss andg ahandornment values, This tuwrse of
investment setting is of srecial interest hecasuse it fits the

situwation most firms face in realite 71y L[S511.
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Section 4.1.1 contains a statement of the obdectives of
a hurothetical firm confronted to 3 situastion similar to  that
described above. Therny Section 4.1.2. dgives 3 detasiled

descristion of the decision rrocess followed by that fierm.

4.1.1 Obdectives of the Firm.

Whern 1t comes to the definition of +the economic
obJectives of 8 Firme tnere are two diflferenty not necessarily
orrosed roints of view. One is that of management and the
other idis +the stockholder’s. Whern the cormtral of the firm is
gserarate From its ownershiry managemernt mag not slways act  1in
the best interest of Lhe stockholders. Manasdement reorle are
sometimes said to he "satisfiers’ rather thamn “macimiers'y
thew maw  be content to *slay it safe® ard seek am accertable
level of dHrowthy being more concerned with rerretuzting their
owrn  existance Lthan maximizing  the value of the firm to its
shareholders (167 L7171, The most  imrortant #goal for a3
manadement of this kind maw be i1ts own survival L11. Howevery
it ds true that im order to survive over the long  runys
managemaent maw have to behsve in 8 marnmer which is reasaonably
consistent with maximizing the shareholder’s weaslth. Uan
Horrme states that maximization of the value of the firm to its
awners ", 1% an arrroriate guide for how & FTirm should act.®

VA Y- 81,
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Im addition to the economic doals that bear on 8 Tirm’s
hehaviors there are nPnon-econrnomic obdectives of which the
decision-maker should alse be asware, These considerations
termd to add 3 new dimension to the stratesdgw of 2 Firm that

uesually have to do with the so-called humern element TL1I1.

The advent of the aerrlication of benhavioral sciences to
the studs of business administration reflects the faclt that
econamic obJdectives are not the unieue #Hosl For mansgers of
tusiness Firms and therefore do not fully exslain these firm’s
behavior. Some studies L6397 dndicate that DO @ araml e
considerations maw  somebtimes domimate  Lhe decision maloimd
Frocess of certain firms agrd that businmess obdectives assear
o bhe a3 combimation of both ecornomic ana mon-econamic facltors
that reflect the charscteristics of the individuals that run

the Firms,

lesrite these Factorss the value of bthe firm  is  still
the measure b which Lhe success of a8 busimess fierm s Judsed
C1de This is true both from &m ecornomic and lesgal woint aof
view as well #8s from the reoint of view aof the societwy.
Therefores dinn this research it s assumerd that the
degision-maker will seek to maximize the value of the firm.

This wvalue will be measured by Lthe total accumulated casital

at the end of a rredetermined slarming horizon.
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4,12 Tescrirtion of the Decision Frocess.

The d@ernersl setting where this study is rerformed can
he viewad in the following waw, luring each decision reriady
8 thwrothetical Ffirm is Taced with & number of investment
orrortunities. The decision-maker is aware of all the
srorosals submitted Far comsiderstion during that =eriody bhut
lacks comrlete informaltion about the orrortunities arising in

the subseauenlt decision reriods.

The rrorosals submitted rrovide a set of rossible cash
flows over seversl rFreriodsy ard msw be shandoned Lin anw of
Lhese reriodsy exchanging & series of srossrective ocash Tlows
b bive  current abendormernt  wvalues. The future cash flows
gernerated be  Lthe =rorosalsy 85 well as  their resrective
aghamdormment values are pot knows with certasinty bul assumed Lo
tre random variables wilh 8 srecifTic exrected valuay VETrLarnoes

and probability odistribubion.

Before making the carital allocation decisiomns bhe Firm
evaluales the rossibility of  modifweing the investmert
srososals Lhroush an exslicit consideration of the abandorment
ot lor. Whern such mossibilite is ldemtifiedy bthe erorosael is
mochified accordindgle,. Once the caritsl allocation decision is

maiie the buddeted Funds  are wused to fimarnce the accerted
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rrorosalsy and  the redected srorosals are discarded  from
consideration in the future, This srocess is reseated in

avery decision reriod within bthe slanmirmg horizorn.

The sccerterd Frorosals are held until the end of their
most  economic litfe, That isy once the modified erorosals are
accertedy no earlier abhardornment is sllowed. Surrorting this
assumretiorn i the rsracltical evidence rerorted in reference
C1%ly wnich shows that in most  fFirms sssets sre  keet  in
masiness upbil  their ecomomic life is reasched. This harrens
Tor essentially btwo reasons. Firsts GOMmMe assets are

s

goracially desidned for the firm’s rurrosefd and secondr there
are substantial tLtransfer costs of selling in imFerfect

markets.

If the =rorosals selected at 3 decision reriod do ot
arhaust  the budgets the funds that remasin are invested at an
interest rate ig in 2 highlw licuid ilnvestment such as a8 bhanlk
asccounty  where the funds maw be withdrawn at armw time. Tﬁusy
the decisior-maker Wwill bhave a#ll  these funds avasilable for

investment at the rmext decision time.

Tt dis mot krnown srecisels what bhe bucdget will bhe in
the future reriods hecasuse thogse buddets are determined by the
net cash received From investmerts macde i srior reriodds.

Fogeis from oubside  the firm are corsidered mot svsilile for
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Lwo resons. Firsty 8% 3 matter of rolicwr some firms Finasnce
#ll  their erodects with Ffounds dgerersted interrnallygy  and
spcondy since borrowing sTTeclts hotny Lhe solutions obtained
with and without abasndormmerts 1l 18 ewrected Lhat the resulls
which are relevanlt to this study will orly exrerience minor
variagtions a5 & canseauernce of including this altermate source
af funds Gn the decision mesking  srocess. T adaitions the
ROPTOWL S orbion  ados snother  dimernsion Lo the carital
rationing eroblem andy thereforey increases sigdnificantlse  the

amount of  comeuter FresoLrces reauired to solve Lhe sroblem

Wity drmbedger constraints, Al wrewerty Lhils LnrOsses & 2 severe

limitastion in the score of the shudua.

Fimallyy all rrorFosels are sssumed to he inderandent of

aach abher.

4,72 Seauential Cseitel Rationing lDecisioms Under Risk.

This section contains @ brief descristion of Lhe models
Lhal will be used to maske the casital rationing decision amondg
risky rrorosals.  Three models have beern selected From  tLhose
rreserted  in Section 2.2.2.2y bhe  Ewxrected Fresaent Worth
Maximizsation Criterionys the Mean Variasnce Criterions amd  the
Frodect Balance LOriterion, It was decided mot to include

mocdels that mavinize wtilitae Functions beosuse of Lhe inherent
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rroblems  associated with  the determimation of am sreroriaste
Function carries (see Section 2.2.2.2.3.) The Lhree models
deseribed  hereathter will also be used for the csse whnere Lhe

allocastion decision disregards abhandorment considerations.

4,2.1 The Exrected Fresent Worth Mardimizatior: Criterion.

A was dndicated i Section 2.2.2:2+1e¢  the Exrected
Presert. Worth  Maximization model i an externsion of the
Lorie-Sasvasde rroblen D410 whiches as its name  drndicatess LI% &5
exrocted values instead of  eresumably certain anes. Urnider
Lhis decision criteriary the decision-maker must flod in  everw
eriod  Lhe sel of srososals bhat mawimizes the exrected
sreasent worth of dnvestmentsy subdect to  budset constraints.
Thalt sel of rrorossls maw  be  fourd solving bhe followins

inteder Linear srogramming srobhlems

Model [ max 2 = = ELFWGIYD X0)
o

gubJect to

= Cod) X S R
wf

XCd) = {0s1)y dntegers J = Lls2sesarn

Wherey

ELFWCIYY = exreched rresent worth of srorosal J

comruted at the MARR.
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Codcd) = imitial investment orm rrorosal J.
B = funds buddeted for the decision seriodd,.
X0 = decision variashle rerresernting rrorosal Jr

O = redJechtedy 1 = accerted.

This TFormalation of Lthe earitel buddgeling sroblem
imelies that the decision maker is risk indifferenty that he
is ahle to comstruct the srobsbility distribwtion of netl
srasernt,  worth  for ezch erorosgly and that he can comeule the

mathematical exrectation of each dishbribalbion.

4,2.:2 The Mean Varisnce Driterior.

The Mearn MVariance Criterion is an  arrlication  of
Markowitz’s  work o srortfolio selection to carital buddetindg.
Markowitz’s rortfolio selection model wss originslly concerrned
witty  finesnciasl investmentsy but the model’s imslicatiorns for
carital budgeting sre now well recodgnized 421, The hasic
dides bebhdind the model dis that the oetimal rortfolioco for a firm
ig mot simely arw collection of good prorosels but 2 halanced
whnley sroviding the decisiorm-maker with the hest risk-return
comirination L7221, The srocecdure  consists of successivelw
Tirmding  that rortfolio which minimizes the variamce for each
af & number of exrected returns  and does not  violate the
brdget  constraint. Formallwys Lhe decisiom-maker nas Lo solve

Lhe following m ointedger euadraltic srogaramming rroblemsy



&9

o
Model II! min O, = = 2 XCiIGIFW(L.0)T X(J) ivd = LsDreesr
a3 J. \,j

subdect to
= ELFWCI)] = Es
1

= Co¢i) X(i) £ R
L

X{id) = (O integer
2. , .
Wherer ¢  dis the varisnce of the s th rortfolio’s rnet wresent
worlh and fa dis 1bes mirdmum accertable exrected net rresent
Wworth (5=l r2re M)’ CLFWiLyd) ] resresarnts bhe  covariance
betweern the et rresent worth of srorosal 1 and Jdy 4 # Jy and

-3
GCLUFWCisid] = G LFWCLYT are Lhe variances.

By solving these m sroblemsy bhe decision-maslkler oblains
-
Lhe set of (EsyGC™) efficient wrortfolios. That 15 Lhe sel

which comtaing Lhose rortfolios that srovide mirmdimum  variance

2y

Og'v Tor & fdgiver return Egsy or maximum returm Eg For g given

o
variance Gg o Thens from this set he selects that rortfolio

whicen best swuits Mis risk-return Frofereross.

Armother formulation wWwhich dis more oriented towasrds
carital budgeting has  been rrorosed bw Welingsrtrer L7401 and
modiTied bw Peterson and Lausghhunn £5357, I their models the
decigion-maker defines his risk-return sreferences throush a
simEle sarameter Wy and  then solves the Ffollowins inteder

Limear rrodgrammning rroblemy
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Model ITI: max E"wG:h=§£EEPw(i)J XCi)
1
-~ W22 XCIIGEPWCL Y XD
Lo
gubJdect Lo

= Co(i) X(i) € R
i
w{i) = (0rl) inteders = LeZraeeais

Whorery

Foo= expected met sresent worth of the gorvhfolio.
¢ = vwariance of bthe rortfolic’s nel sresent worth.
w o= coptfficient of risk aversiomn.

erreched net rresent worth of erorossl L.

ER

i
B
=
—~
-
it

i

CGLFW L)l = covariance betweernn the net rresent
worth of rrorosals 1 oanll d.
GLFWCLed ] = GEEPM(i)] = wyariance of srorossl 6%
net eresent worth.

Coll) = imitial dinvestment of srorossl i,

Bo= Tunds bhudgeted.

i) = decision varisbhle rerresenting srorossl i

Q0 = reJdectedy 1 = seocerted,.

If this rroblem is solved for different wvalues of  wy

the decisiorn-maker obbtainsg the same sel of (EyGH) efficiant

sortfolios as with Modgel TI7T.

Fetersorn and  Laadghhunn LEHS] indicate Lhat Lhis
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Ffarmilation is ecuivalent to  ong  which uses the followinsg

abJdective functione

Model IV: max E-w’C = S ELFW(LYT X (i)
i

= WA ZXCLIGEFW (E9d) D X ()Y
i

K

Where w’' is another coefficiernt of risk aversion.
Whern 3811 Lhe dnwvestment rsrorosals sre inderendents

Model TIIT carm e simelified Lo

Model Yi may E -~ w'o o= 25 CECFWOLY ~ w® GLOPWCL Y X(d)
i

sutvdect Lo

= cotiy € ®
i

X(i) = (Qv1) intedery 4 = Lv2vaeeelts

Wwhileh can be solved a4 & zevo-ane inteser rrogremming mocdel .

4,2+3 The PFrodect REalance Criteriorn.

The Prodect Balance Criterion is a8 urdoaue aseeroach Lo
carilal rationing  decisiomns  under  rislk. This oriterion
selects Lhe rrorosaels on the bases of measure of desirabilitw
which combirnes three cohsracteristics of & srorosasls  its

erraf i batet ld by its variabhilituy s it Flaxibilitu,



FProfitebility is measured bw Lhe srorosasls rresent worth (FWye
Lhe variabhility is measured by the stasndard deviation of  the
I & w arnd  Flexibilitwe is measured by the rormalized ares of

uncertsinty resolution.

The sters in comeuting Lhe meassure of desirability are
asn  Follows? the Tirst shter drwvolwves fimding  anoeconomic
trade-off betweern Lhe srososel s exrecled Pl FEEFWCE) Ty aric
starndard deviation CLPWCII Ty hw mesns of bhe exeected d@ain

confidence Limity
EGCLECFWOGY T = EDFWCID DT - o GEFWOGIT (4—1)

where rl resresents the rate of T trade-of T between reduyction
i exrected value  for reduction  in varisibilita. Irn obther
wordsy 1t resrasents bthe decision maker’s sreference for

Tisk~returm.

Once a trade-off beltween ELFWCID ardg LYY s
obvbadirnecs the next ster consists of determining a trade-off
hetweern the EBCLEIFWGT  and  the measure of FPlexihility

FLEXCGY . The latter is comruted 29 Followss
FLEXC.Y = AUR(J) S Coldy (429
where CodldJd? is the initial irvestment on errorosal J ands

AURCY) = = EGCLLCANECst)]
t
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WHETres AlURCC)D is the area of wuncertasintsy resclulion of

Frorosal Jr oand EGCLLANB(U»LY] dis the ewrected dHain cornfidence

Limit of rrorosal O in reriod L.,

The area of uwuncertsainty resolution is normalized
dividing bw Codl) to eliminate the effect introduced by the

size of the initisl irnvestment.

The Lrade-off between FELOCLLFWCIYT andg FLEXCGGY is  found

irdy

Z) = ROGCLIEFWGGY T /7 FLEX (.4

Finallwe: the decision—-msker can find the combxiration of
erarasals that marimires 200 bhw solving the following inteder

Linear srogramning rroblen gt esgch decision reriody

Mocel UT! mas 7 = = 7040) %04

)
aubhJdect Lo

= Co(d) § R
J

XCJ)y = (0sl) dntedery Jd = 1s2v 444l

whereas

B o= harcdget .,

XAy = decision variashle related Lo srorosal Je
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0 = redectedy [ = accerted,.

This model was originally formulated to solve =roblems
where bLhe rrorosals are verresented by rrobshilits trees. Ir
facts the concert of uncertainty resolution develored bw Van
Horne L7000 Wwas conceived  for  arrlication ko erorosals
rerresernted dimn that seecisl manmmer. Simce Lhis research
follows Hillier’s aseroach L3210y i+ @+ the srorosal’s cash
flows are assumerd Lo be random variahles with & corressonding
Frobabilitey distributions & difrerent measure of Plexibilitw

must be derived.

0 S . P N arr Alternaltive Meassure of Flexibilita.

Before develoring the wmeassure of of flexibilitayy it is
convernient Lo define what this concert involves. Heres  the
Flexitilite of & Ffirm is related Lo the wawr its investments
malk.e Tuncds availlasble for  reinvestments dm obther albtractive
orrorbunities  that maw become avalleble i Lhe Ffuture. Thig

A9

concert ds somewhat related Lo that of liguidityy wWwhich is
defimed as follows! when 8 erorosal has & short erauback
Freriocdy 1t ds  said that the dnvestmernt is  lieuid [S1T.
Mowevers flexibility dis 3 more extensive concest becsuse it
does not only consider the time it Lakes & rrorosal to reraw

ite  dmitial  dinvestment but  also how funds become availaeble

ciuring that btime.



L this contexty two of  the Tour elements of
information rrovided bw  the rrodect balarnce (see Hection
3:2.140  the discounted rauwback reriod (Q) and the area of
nedative balzrmce (ANBYr are Lhe most suitable Tor develoring a
measure of fFlexibilitw. fs mentioned aboves @ is more ofa

2

messure of licuidity hecause it fails Lo srovide comrlete
information  aboult the cash flow =attern. For exesmeles if 8
were used to messure the Tlexibility erovided two rrorosals
with wrodect balsrmece ealbterns as  shown in Figure 4009 it
wolld rate hoth srodects as eproviding the same amount. Since

Frodect 6 srovides more Funds in the early reriocds Lt wouldg

robhably bhe rreferred Ffrom 8 Flexibility soint of view.

5(e) 5(t)

[

Project A Project B

Figure 4.1, ProdJdect Balance FPatterns for Frodects & zood B,

The ANE can be interrreted ss  the agsredate total
gmeut of funds to o be  tied ur Ffor 3 earticular inmvestment

aclhivite, Thuzy a2 measure of Flewibility bhagsed usrorn Lthe ANBR
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statistics will rerovide valuahle information regarding the
gerneration of funds in the critical reriods of am  irnvestment.
I facty +the ANEBE summarizes the rFrattern of the resative
sroJdect balance whiches a8t Lhe same times is s indicator  of
how Fumds hecome availlable in the earlwy reriods of 8 rrorosal.
The ANB  also  shows how uncertainty about  an undesirable
outecome 68 resolved throudh bime. Figuare 4.2, ds helesful Lo
iPllustrate the last  rointh. During  the first and second
reriodsy  bolh srodects show an ldentical behavior., RBobth have

13

tied we and relessed identical amournts of funds. Howevers  a38s
Lhew reach bLhe end of reriod 3y the first would have resalved
mast of the wuncertainty showl & rFrospeclive wundesiranle
b come . A fact that is reflected hw & smaller ares of
riegaltive halance. Therefores other chasracteristics beind  the
LAME v e @er profitabiby snod varisbilitey 3 Firm which makes
irvestment decisions on & redgulary weriod basis would rrobaehlua
rrefer  bthe first sropossl  because Lt mazbes Ffunds availlable
sooner. Althouwgh the ANRB eerformed as an adeauale measure  of
Live  Flexibilite wsrovided bw  these rrorosalss this will not
#lwaws haeren bhecause the exrected ANE  iltself uncovers the
effect of several facltors, Firgtey it is 3 rardom variabhlers
therefore in the Tormulation of the index of Flemitbilitwry Lhe
ANE should be modified to take into account dits variabhilita,
This may  be acecomslished by comrubting  the exrected dHain

contidence limits

FOGOLEANRCG) T = ELANEBCIYT + r2 G LANE(G)] (4-3)



wherey 2 ods o a coefficient of risk aversion.

Simce @ lardge ANR 1s an undesirghle evenrt for & risk
aVETSE gecision-makery .th@ FEGRLIANRCIY]  takes an  uerer
cornfidence limit rather tham & lower confidemnce  limit. What
ies of dmeorbtarnce is to select those rrorosals bLhat sfromisze bhe
lowest wrrer pounc in unfavorstle outcomes. Im bhis  shuduy
urfavorable  outcomes refer Lo slow  recoverw  of Tunds and

exlbended rauback reriods.

s(t) S(t)

I t i T

Project A' Project B'

Firgure 4.2, Frodect Balance Patterns for FProdechts A7 ared B,

The secornd sroblem Lhat raises bw using the ANE a3s 3
megsure  of  Flexibilite is Lhat dite size is influenced bw tLhe
size of the initisl investmertys Lhus  the imdex  should  be
mormeglized in 3 similar waw as it was dorme im equation 4-2.

That iss

FLEX(G) = EGCLIANRBCGY] / Lold) (4-4)
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Fimallws since bthe ANEB is  an sccumdlation of the
srorosal ‘s negstive rrodect balsnces much aof  the information
oconveued bw the rattern of the sroJdect balance is lost. This
determines the arresrence ol situstions as  bthat  shows  Ln
Figure 4,3.¢ where Lhe measure of flexwibilty erorosed above
would rate bolh  rFrodects as  wsrovidicng eausl  smounts of
Plesitdlte Cbthe O LDANERCUY] L1g sssumed to e Lhe gsame ir bobh
CHGES ). Fark L5101 states that srorcsal & would e rreferred
necause 1t resolves Lhe umcertaicnty sbout medative ougtcomes in
an earlier reiod. Howavers it is the orindon of Lthis research
that the sitoastion is mol that simerle because bthe firm might
rretfer Lo hsve more Tunds asvaillasble at the end of  the first
FRTLOOY for dnvestment i more desivable orrortunities that
maw bhe obtairmed b thast Limers thamn waiting until the e@nd of
e second rerviocdys when 2 large outoome Would e secured Fram
rroroasal A Thus o selecting  rrorossl BY dinstesd of  that

recomnendect b Park.

s(t) s(t)

20 20

40 40
Protect A" Project B"

60 60

80 80

100 100

Figuare 4.3, Frodect Ralamce FPatltermns for Fraodects A" and BY,
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Orne solution to this last rroblem would be to associate
Flexibility with the aversse rate of change of the rrodect
halsnce in the negstive sedment. Howevery this would require
g ratio ture of dndexy which is whdesivable because 1t does
mot  revesl  asrrorlztelw the magnitude of  the Flexibiltw,.
Other rossible solutiorn srocedures that take into accourmt  the
G of  the rFrodect bhalamnce rattern would demand  the
Fformulation of rather comslex relationshiss which cerbtainly
cannot  bhe summarized bw 38 sindle index, Thusy Tor Lhis stody
the flewibility srrovided bw g srorosel is messured bw  FLEXOD
ae  formulsted im ecuation  4-4. The =rpodect balance model

remaing the ssmers only this miror chamde is made on Z(4).

4.3 Seauenltizl Carital Rationing lecisions with Partiasl snd

Comelete Information.,

It must be realized that when the cariltal rationing
clecision 418 made wnder risky rnorme of the models sresented in
Lie rrevious secbions will guararntee the orLtimum selectiorn of
srorosals Lhat could he achieved iF the decision—-maker had
krown with certainty the outcome of those esrorossls and  the

avail labhilits of Future investment orrortunities.,

Since this studue is  simed st Firmdins out the

imErovements bthal can be made im seauentisl caesitsl ratiorning
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under risks when the abarndorment ortion iz consideredy it is
of interest to comeare the horizom value ocbtaimed hw using the
models rresented im the rrevious sections wilth those obtained
winern  comrelete  knowledse  about  the srirrent and Fforthecoming
irnvestment oreorbunities is  aveillable, TwWwo levels of
krnowled:#e are examined in the next sectionsy one is that where
Lhe decision-maker knows omly bthe rrorosals availasble in the
current decisiom  eeriod (eartial information)s arnd the olbher
is thal where he krows all bthe srorossls aveillsible ducrims the

slamning horizon (conrlete information) .

4.3.1 Seauertial Carital Rationing with Fartisgl Informetion,.

This case sssumes thal the decision-maker has comrlete
irformation aboul only those investmernt orrortunibies that are
Lo bhe considered for immediate imelementatior. He does  not
nave agocess Lo information abhoult the erorosals thatl maw become
availatrie in the future, When this is the csser bthe decision
criterion wbtilized idis Lo select Lhat set aof srorosals which
maximizes the pet sresent worth of dinvestments st esch
decision reriod £517. That selt of erorosals maw bhe identified

Dy osolving bhe Lorie-Savade eroblems

Model VIDY max 2 = =, PWCLY X(i)
i

authdect to
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= coti) X(i) € H
i
XY = (Qel) dntesery 1 = LeRv et
whereyr FW(1) rerresents the net sresent worth of =rorosal @
This model camn be solved a8s s Tero-one dinbeser  linear

rrogramming Froblem.

4.3.2 Beauenltiasl Carital Ratiorming Decisions wilth Comnrilete

Trmfomatiorn.

This case assunes Lhat the decision—-malkery al the time
of decisiones  fas  comelebe  lkrnowledse  aboul  the investment
orrorbunities thal maw be oblained at the rresent and  in Lhe
Frituure. Simece all this information is  availsbler tLhe
allocation decision is more of a8 erodgramming sroblem. Iry
Facts decisions are no loodger made inm 3 secuential manmer botl
onlw once at the besinming of the slanming horizomn.  Therms Lhe

overall set of osbtimun srorosaels is selecledd.

A it was indicated i Section 2.2.1.19 3 comrretiensive
analuysis of Lhis eroblem has beern made hy Weingartmer 731y

Who srosrosed the "horizon model® as a solubiorn srocedures

Model VIIIL max 7 = = a(i) X(J) + v(H)
N

subJdect to

o 2 CF(Led) XCd) 4+ wil) = HCL)
J




- ECFT('?.!.J') XCJ) = (1+ig «(t—-L) + vit) = RL)
N
I 23y eeH

X{J) = (Qpl) integery J = Ly2sees el

vit) £ ¢ fom L2 e oMo

o Bty
Wneroey al.Jgr - = CFCbyd) (l4sCad)
=l

= wresent workh in reriod M ooF the cash flows of
erorossl J bthat exterd bevornc the H.
CF(tyd) = cash flow in reriod t af rrorozal J

Id

g(.) = prorossl J7s rate of drowth.
vit) = Ffunds avallable Tor lending at reriod €.
B(L) = Funds for investment in reriod + atbtributabhle
Loy orerations made bhefore Lhe decision reriod.
ioﬂ rate of interest from highly licuaid dinvestmenlts.
Thig formulstion differs From the basic "horizon model"
i two asrects. Firslbly sinmce borrowing is not comsideredy the
correstoniding  Lerms have  been  omitteds  ard secornds the
interest rate used Lo discount the cassh Flows that are
reaslized bewornd Lhe horizon is the srorosals rate of  drowth.
Weingdgsrtner L[731 does notl srecifqe what rate shodld be usedy
and Rerphard [51 uses the minimum attractive rate of  returm.
Howevery since the firm’s obdective idis  to msximize  the
aceumulated carital st the horizon times the irterest rate

tial  shnould be wused iz bthe ressecbive drowbh rate of the

grorosasls that termimate atter the horizorn [H131.
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CHAPTER Y

GESCRIFTION OF THE STMULATION MODEL .

Tro order Lo evaeluate the effeclts of integratincng the
abandormeant ostion imto seauentisl carital ratioring
decisionsy simulation is used +to  sHernerste the environemanl
where bhe decision making erocess Lakes slace, This charter
contains 2 description of the simulstion model develosed for
Lhat surrose. Basicalluy it (Lhe model) maw bhe sersrated into
three serts,  Fart one s Lhe seneration of the set of
investment eroeosals (SIF) to be considered for investment in
aach reriod.s  The second serl comsrises the evelustiorn of the
roagidlit af an  earlws  abandorment  of  the  investment
Frornsalss ands Lhe third srart consists of the aerelication of
Lhe different carital ratioming oriterias to allocate the
Turncs budseted  for  each seriod. Im  additions this wart

includes  the solution to  the sesauentisl casital rationing
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rroblem when abandonment is disregardedy and the accumnlation
of the statistics relevarmnt Lo the solutiaom of the rrotilems

with sartial arnd comelete informastion.

The charter bedins with the FTormulatiorn z2rad discussion
of  bhe assunetions that bave been made in the develorment of
e model,.  Thern follows the didentification of the rhaeses of
the ciped sl on FTOCESS antd  the descrirtion of the HIF
genevation. Fimallyy some torics related to  the simalstion

srocesns are discussec.

wel Assumetions of the Sisulation Frocess.

T adiditiorn Lo Lhe sssunsrtions tmelicit i the

ashandornmert rules ard i bthe casital rabioning decisian

criteriar several other sussumsbions nasve Lo be made to allaow

For bLhe simalstion of  bhe decision maling srocess. These

agsumrtions limil the model ‘s  rerresentstion of the asctusl

srocess but recuce significantly the time and effort needed to

simalabe it. The asssumrhbliorns ares

L. That the Firm makes the cawrital sllocation at the end

of the decision reriocds. Tt selects the investmenrt

srorasals from 2 set  submitbted durindg the reriods

according Lo some decision criteria  and  subdect Lo
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the buddet constraints. Farra-Vasaues and ODakford
[%371 comrare the relative effectiveness of Lhis
rrocedure with  that of msking decisions continousls
3% irvestment Frarnsals are Frasented faor
consinerstion. Thew canc lude that there are
statistical differences between the two sroceduares
arnd  thalt bthe firm should invesligsle the reriodic
decision making srocedure as an alternstive to  the

cornbinous decision making srocedure.

That the Firm aclks consisterntlws. That issy if a rule
nasend on  exrected values 1s used Lo make fthe
aharndonment decisiony thern  Lthe caribal rationing
decision is also made with 3 oriterion that uses
exreclted values. Analodgouslyy 4f risk is Lalen into
aceount wher making Lhe abamdorment decisions bhem a
similar considergtion should bhe masde im  Lhe caritsl

rationing decisian.

That the funds available for investment during the
initial rFeriods  come from investmernts made srior to
Live bhedinning of  Lhe studwe period. Thuss it is
PO R BB BT Y to estimate these funds 1m order Lo
initialize the simulation process. Thuesen L6871 has
srorosed a srocedure for doing sory which is degscribed

Later inm Bection H5.7.1.
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5.2 DNescrirtieon of the Simulation Frocess.

The simulation rrocess wubilized i this studg  consists

aof Ffour whases:

1 This rhase ocomrrises the dgernerstion W the SIF
submitted Lo the decisior-maker’s consideration in

every roriod within the time horizOn.

2. Ornce the set of invesbmernt rerorossles has  been
generateds pach of the rrorosals is redefined through
30 exslicit consicderstion T the ashandonmearrt
rOSSIDILLIite,  That isy 47T arw of the srorosals should
e abhandoned before Lhe comsletion of itts lifes those
rroeossts Wwill be modified sccording to bthe srocedure
geserined  in Section .46 hefore sroceeding Lo bthe

selaction srocess.

Ao  This rwrhese includes +the redular arplication of Lhe
three carital sllocsgtion coriterias deseribed ire
Charltar Y Lo the modified set of  irvestment
eroarasals. I additions this wshase containsg  the
caleulation e acoumdlation of the statistics

relevant to this sturdy.
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4, This rhase consists of the solution of the casital
rationing Froblem with rartial and comslete
imformation. The reslization of the casn flows and
abandonment values of the original sel of investment
rrorosals are wbilized to solve the above mentioned
rroblems.  Also in bhis ehasery Lthe solutiom of  the
carital  rationing eroblem with no abandorment is

obbainecd,

F¢3 Genevation of the Set of Irnvestmernt Frorosals.

A set of irnvestmenl srorosasls consists of & mumber  of
investment wsosibilities submitbted to the congsideration of Lthe
cecigion-maker during 8 decision  seriod. Tte irmformation
Wwhich bs mormasllys available comerises the size of the imitial
irnvestments and exrectations about the cash Tlowsy abandormernt
valuesy rate of growbhy arnd life af the rrorosasls. EFach orme
of these sieces of irnformation has assocliated &8 certain
variasbilitwy which makes 1t very unlikels thet Lhe investor
will bhe confronted with the ssme sel of investment rsrorosals
o two or more reriods over 8 normal time horizon (20 yesars),
Therefores 1L is ressormable to visuslize anm  dnvestor havin;g
sels of  rrorsosals drawn from an underlging erobability
cdirstribution where the gsiwe of the investments exreclted

rattern  of  cash Flows  and  abharddonment  valuess Liter ar
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exrected rate of drowbthh are all random varistbles [H17.
Although the rrorosals sre evertually modified whern the
abhardornment ortion is taken into accounty  Lhe existance of
that srobebilite distribubion is recosgnizedr and sssumed Lo be
resreserted by the disltribuotion of  Lthe wrorosal’s rate of

Hrowhie

The simulation of the investment srorosals bhesinsg with
the estimastion of  bthe averaste rrosereetive rate of #Srowlbh.
This warsmeber is  comegted  from  the distribuotion of the
rrorossls rate of drowhbh and is eaquivalent Lo the averasie rate
aof dgraowth of the investment rrorossls Lhat could be accerted
ow  bhe Firm 10T rno buddel constraints were srresent. Tty Lhe
Luwre OF rrorosal is determined by srecitwing dits lifey size of
Lhe dmitisal  irmvestmenths rate  of  srowbhy ang exeected cash
Tlows and abandonment values ratterns. These variables are
conkroled by sssumed srobabhilty distributions,. The generatian
af the SIFP is  summarized in Fidgure 5.1 asrd a8 delbsiled

deacristion of each ster is dgiven in the following Sectiors.

weded Ihiglribation of the Frorossls Rate of Growth,

»

g defined in the Sectiom 5.3+ the distribution of the
rrarnsals rabe o f srowth rerresanhs Ly Frobhshilte

ciistribution on which Lhe srorosals submitted in every seriod

are hased. Thisg distribution descoribes the sverasie fraction
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Comeute ¢ from the

Listribution of Growtn RatesJ

Gererate:
bl Lif‘e.
—- Imitial Investment.

- Girowlkh Rates.

Germerste the series of Cash Flows

and Abardonment Yalues.

Figure S5.1. Generation of the SITF.

aof mrorosals bthat are expected to rrovide 3 cerbain growth.

H.3.1414  _The Share of the Distribuwbion ol the

Frorosals Rate of Growhhs. an imrortant characlteristic of the

distribution of the srrorpsals rate of dgrowth i3 its shsee.
The imeortance of bthis characteristic rests uson the Tact that
it describes bthe averase fractiom of srorosals that asre
extracted  to rrovide a3 certain growth rates, The following two

shares have bheen examined in the literature:d
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1. Linmear share, Im this caser  the esrorortion of
prorosals that are exeected to be supmitted with 3
rarticular rate of dgrowth equsls the rrorortion of
erorossls exrecterd to bhe submitted st ane other rate
of growbn., Figure 5.2, disrlaws a Linear share ture
of distribution in which the rates of dgrowhth  ransge

From s maximum of 367 cdown to &%.

2e  Exrornential shsre. When the exeromentiasl @ share 15
ariorterdy as  Fisure §,3, showss the srorartion of
high-return rrorosals Lo e submitted ts  lower bLhan
that of rerorosals wilh low returm,. I this ture of
cistribution is comFared Lo  Lhe srevious ores  the
firm rersresenternd by bthe linesr  share  ture  of
ciistrimrtion hes 3 larder s=rosortion of investment
srorosals 3l higher rates. The relatbionshisr hetween
time growth rates € arnd the cumualative srobabilite F
i Figure 5.3, 1 exrressed 859

201 ~ [
gom QL,0L31 + 0.0449 @ (&1
This bwre of distribotion bhas bheen examined by lean

L1350y Thuesen L4811, and Farlk 511,

Thne curve in the distribution of the rerorosals drowth

rate  herminates at 1 = &%y Tor either share Of distributiony
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hecauwse the Ffierm cosn invest amn anlimited amount of  Funds st

that rate im & highly lieuid irmvestment .

Comsidering that the share of bthe distribaotion of  bhe
rrorosagls dgrowth  rate lardgelwy derends on the exrectations of
the firm 511 armd that it is  of interest to anslyze the
effTect of @ btime vaeruing exronentisl sharer this shudy will
comcertrate its atherntion on Lthis latter share. This is also

corne g 2 means to restricl score of the sturdy.

e300 .2 AssumEbions about  Lhe Chandges af the

HDistribution of the FProrosal’s Rate of Growbtih. Arnother

imrortent characteristic of the distribution of the wrorossls
rate of gSrowlbh is its abhility Lo chande overbime. Since the
irvesltor is rerforming in & dwnamic enrvirarmements 9t 1w mast
rrotatle Lhalt the abhove mermtiored digtriboation will mot remain

constarnt 5171, The chances are bhaby 24  bime sasges Tive

average Traction of eroprosals with higher growlh rates will
cecreasaey lneresses or oscilate around 8 certain value. The
firgt one of these rossibhilities is mot relsvant for this
stucy bhecause the rnumber of worthwhile srorosals will slso
decreasery  ard most of the funds available in each reriod will
end e brvesbed at io’ Thusy the effect of using differert

caritsl allaocation criteria wouwld he obhscured.
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.10

i.o- .06

Fagure 342, Lineasr Disbribution of

Ry - Figure 5.3, Exronential Disteibubtion
Growth Rates.

of Growth Rates.

&
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The second rossibilitey idis related to the situstion
Wwhere Lhe increase in investment orrortunities with nhigher
rates of srowth sre indererndent of the size of the firm. This
sibtuation occurs whern bthe fraction of rrososals witihh higher
growth rates keers growing Lhroush  Lime. Ar assumetion  of
tLhis mature is surrorted bhw the emriricsal evidernce rerorted bw
Mumer and Fashigian [3ST and has some apreal from & sracticsl
stamd Foint,. In bthe csse where g Tirm stards gt tLime t=0 with
g disbtribution having an exronential share 3s  thalt shown in
Figure 5.3.7 Lt is necessary Lo make some modifications in the
eauation of the curve to allow for +the simulation of an
incressing  sverase sSrvrowbth rate.s AFfter seversl btriasls it was
cecided to use the following ecuations

240 - (FA1+87T33
g0ty = 00,0131 + 0.0469 @ (-2

which &t t=0 igy

L O I
500> = 0.0131 + 0.0469 e ~ 0 ~ 1)

Figure S.4 shows how the distribution cobhanges  throush
time during a horizon of 20 wears. I that Figure the
arameter B takes a2 value of 0.2 and the minimum  rate  of

growth ircresses From s value of 0.06 to 0.245.

The thirvrd sossibilitwy where the fraction of wrorosals
with & certsin drowbh ralte oscilates sround 2 cormstant values

and those situations where Lhe increase or  decreasse i the
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fraction of rrorosals with bigher drowth rates are nat
gigniTicanty i3 be arrroximaternd assuminsg that tihe
distribution of the rrorosal’s drowtbh rate remains constant
through Lime, This twre OF environement s descoritied by lean
Eis1 armd adosted in bhe simalation model wused e Thueser L&87

arnd Farl 517,
Thise studs will corncentrste its attemtion im  the last
twe alternstives and disrvessrd  the first one. Ny Loss of

dgormerality is ewrected as a consequence alf doing s0.

Ged.1.3 Domrputation aof the Averasdse Frosrechbive OGrowtn

Rate ) arnd 1ts  Use im0 bthe Simulastion Frocess, Ariothaer

sesumetion adosted din comdurction with  Thuaesen’s Le6EY  and

/

Farl s 13 work  willr resrect bto  Lhe distriboatiorn of
trvestment srorogsal ‘s sHrowbh rate is  that  bLhe totsl ciollar
valua  of  bhe srorsosasls increases from ~eriod Lo reriod at s

rate eadivalent to the averasse srosrechtive drowlh rate .,

s mentioned in Sectionm S.3.,y & corresrords to  the
averade srowth of the srorosals that could be accesbted by the
fFivme LFf o bhuddel constraints were rwsresendts Pt ey tHose

rrorosals wibth rate of  growth larder that the minimum

~
g

attrative rate oFf  reburn. Therefores it is peossible to

eastimate = by consbructing 8 Tunction which descoribes the

awerpctation of how the Tirm's funcds are to bhe invested.



Fidgure 5.4, Time Varwimng Disteibution of Growbtty Rates.

For tie distribution of the srorossls rate  of  dSrowbh

Wit exeonential sharey shown an Fisure 5.3, the comsutation

of ¢ is as Follows. Simece # is & Tumction of Fi

2 -
@ = 0.0131 + 0.0469 @ L 7 )



Ré&

“UARR BCL-F)

A

5 = {g (0.0131 4+ 0.04869 & Y iRy F#
i AR
“MAX
Burrosing Lhat MARR = gMﬂRH = QLT thery
0 + -‘1 f.() "1

- 2C¢L-F)
g = {S (00131 + 0.0446% @ }oaFF/0.444 = .24

When the FTraction of srorosals with  hisher rales of
g#rowkh  keers growing throush timey Lhe comeratation of @ is as
Foollowssy
from aauation 52y

ALL-CFALrEL Y
glb) = 00,0131 + 0.0467 e

ard

= (1487 ~ (1LH86L/72) Inds=-0.0131/70.044%)

Nefinindgy

T ow= i G/78(2~1nn (3)

WHe rey

G o= (."ifﬁm:u:t ~0,0131)/0.04469%

Therns

A(Ly = o g d4(t) of » / F
0

wheres
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(L4at) ~ (14+8L/72) 1In G 5 A 9 S AR |

Thitsy For o = Q.19 arng B o= 0.2

0,24 it O <t & &
gty =

—(2/CL+8E 3

G.0131 - 0.173(1+8t) (e 1y if & <t & M

HFed.2 Tures of FProrosals.

Following the outline of bLhe srocess  given D Fildgoure
u | g - . P rad o b - . N ren g N m - PO o B . S P -
Haelaow Live deneration of Lhe srorosals is now described. ey

ezch wrorosaly the followimg characleristics are defiried!

1. ITreitial dimvestment cost.
2 lidife.
AN Rate of #@rowbth {(intermal rate of relturm).

4. Cagsh Flow sattern (exrected values armd varisnoes).

i
+

Abandorment valups Fathtern {awrected wvalues and

YETLANCES ) »
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H5e34:241 The Frorosals Inittial I[nvestment Caoast. The Hernerstion

of  the imitial investment cost is  bhaaod  orn s

aFEroach
rrorosed by Thuoesern L6871 and used bhe  Fasvel 05170, The Ffirvst
cost  of the rrorossl (Co) dis germerated Ffrom a distribution
that is defined bhw a mesn G0 and ik obher earameters which
rerresent three different exromentiazl distribuabions. Thig
three distributions sre locasted slong Lhe horizorhsl
that tyve measn of  the resalting Lo ditribebion ds Co.
Graficallwy this relationshis can be dericted as i Figure

K g
[ W

£(x)

Figure 5.5 [Distrinution of the Initizl Investmernt Cosh

I Figore 5.5, tre  Lbhree  exeonentizl  disbritwbions

corresrorg Lor

=1L/ e, - s )Y - o)
FGO = (L /7 (ey- 8,0 e 1 + 1
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wheres = > 3. ¢ 1 = 13293,
i ,

arnd the cummalative distribution FG) diss

Flay = 1 - e—(l/(mi - ai}}(x - ai)

Thilsy 3 camn bhe viewed ss5»

~

S T (e, - ai) Indl ~ F{xd) (532

Thereforer hw sreclfwing aiamd Ly A exronential distribution
can be rlaced anwwhere on the horizomtsl awis.  Bw oslacing
Lhree such distributions and by sameling from sasch  one an
arFroriate FTractiom of tLime (Fi)p it is wossible Lo have Lhe
exvected value of all the sameling saual to Co. The Tollawirng
condgitions must e satisfied in order to assure bLnal the

samrles drawn rerresent, bthose From Lhe Co distredibrtiony

Tre Tollowing two ressors are  stated for wusing  this
rather comelicated scheme for the gerneration of the imitiszl

itrivestmert:
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1. The arproximate exronentiszl share that results From
this combination generates a s#reater rrorortion  of
sroroesals with & smaller first cost. This srorertw
is desirable becsause the rumber of smaller erorosals
15 wsually drester than Lhe nunber of larse srorosals

imn most carital buddbgeting situstions.

2 This arsroscthy makes Lt sossible to extend the range
of Co in the sanrie with relabive case. Thuss @it  is
rassibhle  to  have some  reasonanle  rrobaesbhilite  of

seplecting 3 Co that is rather larde relative Lo Co,

Arother assumetion made in comduction  with  Thuesen’s
C&8 1 and Fark’s [Ell work is related to the variation of the
wrorsal ‘s imditial  dnvestment  throush  btime, Aa  bhe Loltal
carital of  the firm heing simulated drows Trom weriod Lo
reriody it is logical to exrect that the funds svailable for
investment will also dgrow. Thusy 1Lf  Lthe averssie inibiasl
investment of the srorosals Coy and the rumber of srorosals
submitted im everw reriod sre held cormstarmt Lhrough times bthe
nudget after some reriods of orerabions will e large enoudsh
o undertake a&ll the rrorossals  that meelt the mindmum
concditions set by each decision criterion. If +this is the
casery the effect of using different criteria to abhandon amd to

accert srorosals hecomes  obscured by the Tact that Lhe
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decision rules don’t have Lo discrimirmate when there is no

Fimancial comstraint.

T increasse the number of sroreossls Trom  eeriod Lo
2R o R iai woulcd e an sltermetive Lo solve Lhis  sroblem.
Howevery such modification waQu e Frabiat Ly rencier the
simulation of Lhe carital budgeling srocess wunmansgebdle.
Thereforey it Mas heen decided Lo hold the nunber of srosossls
constant and to have the rerorosal s dnitisl  dnvesbtmert
incresse st the aversse growth rater . Thuse maintainming &
reasonanle balance between the Tunds avilasbhle for investmert
agnd the initial investment of the srovossls. Fisgure 5H.4.
derictes  the slgorvithm used Lo dernerate Lhe rrorosal ‘s initiasl
investment, for each reriod.

-

GeBe2e 2. Frorosals  LiTe. The dgerneration of tie

Frorosals lite is made  wsing & truncated exeonential
distribution similar Lo bhat showesr  in Fidure Se7.. This
distripution allows for the gereration of a8 dgrater rnumber of
sroeosals With shorter livesy what in Fractice seems Lo occur
ES170. It also rermits to establish urrer and lower bounds on
the lives of the rrorosalsey which is  sn advantsge  fFrom  a
comeutational eoint of  view. As Lhe Life of the errorosasls
dets longers the number of varisbles armd statistics thalt have

toy bhe Lkert in memory ircresses considerabnlw,
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Coy Bir 32! B3r Clr Cﬂr dy L
Comrutle fiy fgr fz
3

Gernerate a Uniform Variate

RN = u(0sl?
Comsute
Lo oay= oy &) Indl ~ RN)
Comeiyle

Comrute

Lo 34" (c3“ 33) In{i

C = a,- (¢, 32) ln(l -

s o

Comegta

~ RN)

Logic

Fagure S.48.

to Generate the

Co = (¢

(1 + =)

t

Ieitial

Retuirn )

Trvaestment Cost.
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The three rarameters wused to define the truncated
rrobabhility distribution arey (Lminry Lave Lmax)y where
Lmim = lower bound on the srorossls Life.

L.ayvy = the pverasge srososasl’s Life.

Lmay = the wurerer boundg on the srorossls Life.

" E(L)

Fisure 5.7 Frorosal’s Life Disteibabion.

Tie cunulative erobahilits Framebiorn for the Lerireatedd
distbribhution ise

~ 3 {1/l av=Lmir) ) {-Lmin)
FELy = (LAF omaxyy (11—

e

Thuusy the errorosals life is determined lrwy

L= bmirm - (Lav ~ Lmirmy I (1 ~ Fdlmax) FO.2) (55—

Figure S.8. shows the aldoritnm used to dgenerate  the

sroseal ‘s LiTe.,



1G4

Read in:

Lminy Lavse Lma

Gemerate 2 Uniform Yariasle

RN = u{0yl)

Comrute

L o= Lmin - {Lav -~ Lmirn) Irnll ~ F{lmax) RN}

——

Returm

Figure 5.8, Logic to Gemnerate the Frorosal’s Life.

H.3.2.3, Exrected Rate of Growth for Lhe Frosossls.

The generation of Lhe sroreosal’s rate of drowbtn was  somewhat
discussed i Section $5.3.1.. Therey it was observed thal the
cnaracteristics of the environement where Lhe stude 1s  heldy
Flaw & mador role in the determination of the rate of growth,
IT the fracbion of rrorossls with a8 certain growbh  rate is
held constant through timer then the following eaustion should

he used in the Monte Carlo same=lirngs

2L - R

Wwherer o is Lhe rroseosal s growbh rate snd RN i a8  rarciom

variate demerated From the interval (Osl).

O the other hamdry 1F the fFraction of s=rorossls with

i gher rates lkeers drowing through timer Lne  Followirns
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waatiorn should he useds

o 2Ll - (RNZL4HEL) ) )
40t) = 0.0131 + 0.046% e {5-6)

Where 8 is the rarameter that cormtrols  the chandes i Lhe
CLTVEeSs shiare. The algorithm uzsed to dgenerate 4 s shown in

ety e “J . \';) -

Reacd ind: +y 8y IT

Femark ¢ Il = Qy Conatant Distribubionr

IT = 1y Time Varwing Distribution

L

Gemerate & Uniform Variste

| RN = 0(0s1)

i
////i . i Comprute 4 using
- b -
~ o Equation 55
e
\

comeute @dL) using

Eauation -4

r
Returr

Figure 3.9, Lodgic to Gereraste the Growti Rates.

SD.3.2.4, rrected Dash Flow Fathern, Omee e imitiasl
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investmenty the l1life» asnd the rate of dHrowthy have been
generatedr the only factor left to comsider im the comerutation
of the series of exrected cash flows is the cash flow rattern.
Im this  simulstiony  the Following four basic ossh flow

watherns are used!

1. Sirmgle raument.
2 U Torn series,
3. Gradient series {(increasirns)

4y Gradient series (decreasing).

Be usimg comhinations of the sradient series reatlerns
arnd  the urmiform series patterns it de rossible to dgereraste an
urilimited nunper of variatilns  1n these rabtlblerns. Fishires
H5.10 and 5.1l show the sevries of casi Tlows that can e

ghvtained Dw combining & uniform series amd a dradient series.,

Gradient Series

(increasing)
€=

2G, 36T 4G

i Rl Uniform Series
1

Ce

Figure 3,10 Combination of a Uniform arnd Increasing Gradient

Series.
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Gradient Series

(decreasing)
-—

Rl —w

Uniform Series ] L T

Co

Figure 5,11 Combinatiorn of a8 Uniform and lNecressing Gradient

Series,

Aar imrortant Fact to be recosgnized st this  roint is
that bLhe cash flow ratteros shown in Figures 5.00 amd S.01 can
tre obvbsined Trom 8 combrination of series such as Lhose shown

in Figure S5.120.

Figure 35.12 Combimation of twa Uniform Series.
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The conversion of the R2 uniform series in Fidure S.132,

Lo the decreasing or i1rncreasing  sortion of  bhe cash flow
satterns im Figuare 5.10 arnd S5.11 is made throush the following

cometalionsy

For increasing dgradient

SETLeG:

g oo (B Sl

AYACER- RN
¥ G = { )

R2 /7

WHIErEy

A/ Gy 1

For decreasing

Thereforer 3 wvarieby

ontained by comtrolling the

gragiert

of these

ailre of

L

1o CLba e

SRrLes s

A Gy gl

&Gl

)3

comirimations can

R relative ta Ry where

. A/F ysisl

Ro= RO+ R2

Cotd) {

Sy iy L

{ )

) ard

tre
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Obhserving this relationshisy it is evident that the larder the
fraction of R corresronding to K2y the larder the sSradient
sartion in the cash flow sepries. The smaller R2y bthe more the

casnh Flow the series arrroaches a uniform series.

The single sawnent twure of cash flow satterm refers Lo
thase srorosals thalt have 3 sindle receist at the ernd of their
lives. Figure 5,13 dericts an examele of  Lhis  kicgd of

FTOROGsl .

ELCF(LIT = Cg 1 + b

Co

Fidgure 35,13 Single Fawmert Tyre of Cash Flow Fattermn.

I the simulationr» & rarticular cash flow rattermn is
randomly generated From 8 eredetevmirned distribotion of cash
flow stares. [Ff Lhe cash Flow ralttern selected is 8 single
rawmenty the comrutation of the ornlw receist is straidght
forward (spe Figure 5,132, On the other hands if the cash

Plow =asthtermn selected is & gradienl seriesy 8 random cholice is



made hetweern the

Thery the wvaloae of RI1

Ffollowing relatiomnshice

k2

0

is 8 rendom variable

*
wheara T

interval (0s1). Thuss when £

flow satterrns result for the

Delows

I Oy the resulbting

BEPLES.

I

Ly the resulting

serlog.

T+ 0 <™ <Ly tLhe

uri. fore snd 8 sradient series.

The comsgtation of Lhe

Tar a srorosal is made using Lhe

ELCFEd» LT = RLICGHY 4+ (4L—-1)

FECF Cast ) R1¢Y  +

feereasing series,

increasing series

arndg  R2

i Torml
i

sarth

SRTILES

GErLES

roaul bdrs

sETLES

(i
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and the decreasing series.

are determined using the

distributed in Lihe

selectecds the Followirg ossh

icular wvalues of SIVAWT

ig strictliy & dHradient

is sbrictiy urtt torm

&

searies 1ig 8 combination of a

af cash Tlows

@aEaclhead

Fallowing saualtiornsy

GOy Tor increasing series

Cad=1) Gy — (=i GC4)s for



Read Cor l.» gy Qly Q2

¥

| Generate & Uniform Variste

ARNL = wu(O»1)

Single Pauvment

Comeute ELCFCLIT = Co(l + )k

Series FPaument
B/F'r.‘.-'.ivL‘j

Comsute R = Col

! gnerate Two Uniform Variates
i

G
i RN2 = u{0s1)y RN3 = u(0rl)

Comute
K1 = RNZ2 Ry 2 o= R~ R

RN3 < Q2 Iecressing Seriesy

Comeute O ECCFLY

'

o
| Return |

Incregsing Series

Comriite Gy FLCF(OL)Y ]

Fisudre T.14. Logdgic to Gernerate bine Series af Cash Flows.
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The aldorithm wused in the comsutation of the exrecled
cashn Flow series is shown in Figure S5.14. Wherers
AL = erobsbility of observimg a single saument twre of cash
TLlow,
RNl = 1 -~ Q1 = Frobabilty of observing a series ravment tyre
of cash Flow.
Bz =  probabilte that & series rawnent twre of cssh Tlow be &
decreasing series.
gz = L - Q2 = rrobadpilty bthat & series ravwment Lure 0f cash

Flow e an increasing series.

Fae3:2:.8 Exrpected dbarwionment Values Fatterns. Similar

to  the cash Tlowss the abandorment values sre 8 series of
values bthat extend throudghoot the Life of the srorosasl. I

their simulation three basic assumsLions are mader

1. That the series of abarndorment values is 8 continous

3

function of the life of the rrorossl. Blthoush bthis
15 ok comeletely realisticy it simerlifies

considershly the simalation Frocess.

N That the absrdonment values sre directly relsted Lo
the 1nmitial investment armd  bLo the finasl salvade
value. Since the abandorment values at bhe bhesgimrindg

el at the erd of 2 rrorosal’s life sre dts drnilbiasl



3.

arnd the

different
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investment and Final saslvadge valuer resrectivelws it

is helieved that such a8 relatiomshir would exist,

That Lhe final salvadge value 15 3 fraction of  the

last purected cash Flow.e This exrFression is

ECaVidsldd = F1 ECCFCUst) ] (3G-7)
wheras
ELAVCdvl )] = emxrected final asbendomnment value of
Frorossl o
ELCF (el y] = exrected fimal cash Flow of srorossl J
Fl o= parameters o<1 <y
This sssumetbion avoids & modification of the orisinal
PPOROSE L (] selbinsg abandormeant wvalues within

rezsonble randes.

Ariabher resemblance Detweern bLhe series of cast fFlows

series of abarmdorment values ig that boln mayw follow

ratberns. Herer two ratterns are considered.

Limesr decawr which 1% often wsed i reslscement
araslwesis L&71y refers to Lhe case where Lthe serlies aft
abrandonment valuwes vary linesrly Ffrom the imitiasl
imvestmenty a8t the bheginning of the rrorosal’s lifer

o bthe FTirmsl salvadge valuer st the end of the
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srorosal’s life. Eruatiorn %-8 is wused 1in tLhe

comeutation of the series of abandorment valuoss

ELAav{irt»d = Cold) - ot {(G-8)
Whares

o = {Lolg) - EEAVCUYLIIY /7 LCGdy v b= Le2ss ool Cdd,

2. Fast decsu. T this caser the rate of change 1n the
abanconment values decreases 8% Lthe life of  the
rrorFosals arrrosches 1bs end.  Eilom LER1 arng Grireser
271 have rerorted emsiricsl evidence of &3 similar
situationy where Lhe abandonment values Tollow Lhe

fonetiony

SLaV Gyt = Codll) e . (559

wherey

1 ELAVCLY]
B o= e e Iy e e cree oo 2eam saan 220m e e 1o
L. o
A alternative formuwlation of the fast decsw rabtbern
coula e made with Friberg’s formulass
y Yo e . .
Do <+ out’ ELAVILY]
14 ueY
where o and v are constanlt saraneters which derong on the bture

of  assset srd on thte life. The main advarntasde of using this
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arsrroach is that a8 wide varietw of different series of
aharndorment values wmaw be obtained for the same Cold) and
ELaVii«L)] (see Figure 3J.19.2, Howevers it has a8 0 mador
drawhack in the fact thal there is no easwy way of obtaining
the realiornshir between bhe rarameters asodd Lhe Life of  the
rrorosals. The retention of this relationshivr is essential if

the rrosgsals are rnot bto be modified.

Finallys it should be inert ioned Lhat in most
aibuationsy  Lhe shandorment  valuwes varw irversels with the
Life of the srodect 251, Thusy the term decaw i3 used +to
identify the ratterns Just srorosed. Howevers this is mot the
case fTor all srodects. There are cases where Lhe abardonment
values do not Fall overtime. It is a2lso concelivable to have
rrodects where Lhe abandomment vslues incresse bthrough  time.
These unusual  situstions were one  of  Lthe maim faclors
considered in bthe selection of the equatiorns srorosed for  the
comeutation of the abhsndormernt values. Seecificallws Lhew can
nardle anw of the ahove situstions. For exameler 4F the Final
salvage wvalue 1is dreater than or ecual to the d;mitiasl
irnvestmnent the series of ashandormment values will roe londger

cietay through throush time.

Figure $,146, summarizes the aldorithm used in the
comneutation of the atandorment valuesy wheres

2 o= Probabhility of  observing s limesr decswy series  of



atandarmertt values.
L~ F2 = Probabilite of observing 2 exronential decaw series

of ashandornmernt vslues.

AV(t)

v=2, u=s 5

1 2 3 4 5 6 7 8 9 10 t

Figure 5,159, Series of Abardonmasnt Yaluos,

FeB3.24bs Varianillty of the Cash Flows and ASbharndonment

Values., The cassh  flows and ashandorment values dernersted in
Sectiorns 53.2.3+.4, and 3.3,.2.9 resrectivelyr are only the
exrected values at the correseornding Frobsbhility
digtbributions,. To srecifw & measure of the variability two
rrocedares are used.  The First one described trs Levy L3921 and

adorted in the simulation model used by Fark [511s defines the
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standard deviation in terms of a3 rercentadge of the arected
value. It has been recognized that +this assroach is not
comelately Jdustified. Howevers it would be reassonable Lo

assume that 8 dgveater variahility Wwill often scomsarny

larder
awrected values LELD. If Lhis is  the caser the wuse of
cadstion 5-10y would be Lthe simelest maw o defime the

realtionshiyr between the exrected values ard the standsed

cieviatiorns of the cash flows and abandormernt values.

G LOFGis Y] = bl ELCHF UL (G101

CLAVUstd] = h2-ELCFIrt) 1 (G=10.2

Wheres o= 1y2v e LGy ard DL and B2 sre constant sarameters.,

The second »rocedurey rrorosed be this  stuadgy sltates
that Lhe standsed deviation of Lhe above mernbioned varishles
is directly erorortionasl to the size of the exrected vaelues ard
to 3 furnctiorn of the Lime elasrased betweern the momert Lhe
forecsst is  made asrnd  the rFeriod whern  the ocash flow  or
abandornment, value 1is reslized, Adasine it is recosnized Lhat
this arrroach cannot be comrletelw Jdustified. Howevers it
seems  reasonsble to assume that a3 lardger variabiltw will
aecomeante the exrected values Forecssted furlbher i the
Tukture, In this ecaser the simrlest waw to exFrress such

relationshir woulsd be bthroudgh the Following ecuations.

TILCFCdyt)] = bLefI(LY ELCF vt ] (H5-10,1)
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GLAY(drt)] = h2F2(t)-ECAVCUry L) ] (FH-10.2)
winere FL(RD ancd F2¢t) are contirmous and increasing functions
af ty the time elsrsed bhetween the Fforecsstimg reviog snd  Lhe

realization revriod.

Thise ster comrletes the simualaticoan of  the set  of
investment srorFosals,s Filigure S.17. shows the detasiled lodgic

eerd din bhat simulation.

S4343 Number of Prorosals wer Feriod.

In Sectiorn 5.3.2.1 i1t was decided to maintain &
constarnt rnumber of srorosals Lo be submitted in everw seriods
as 2 mesns of avolding the sroblem of am  urmansgseashle mumber
of rFroJdects. Inm this Sections Lhe stude focuses ibs atlention

on bLhe determination of that comstant munber of srowossle.

From a comreutational soint of viewsy il is cormverient Lo
nave ass fTew srorsosals rer period as rossible. Om the other
hardy  too  few srorossls might  cause  Lhe simulastion to
undertake all those srorossls  bthat sabisfwe  the mirvimum
racuiremenlts set bhw each decision coriterion, I dight  of
these considerationss it is  necessarw bto determine  Lhe
asmallest number of rrorossls rer rerigd which incressed will

fave little effect on the results.
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Tern  rums for  each of  four aslternatives (fiver ters
fifteenr and twenty »Tor0sals rer reriod) were made Lo examine
the Fffects of the number of srorosals on the firm‘s total
acoumulzted waslth. The resudltsy slotted drm Fisture 3.18.»
shiow  that there is not a dreat difference between using 19 or
20 rrorosals. Im factr» the increasse in the horizon value
atter 20 reriods amounts to only & 4.8 %X, Thereforaey it was
decided to use 13 rrorosasls rer reriod.  The resulits rerorted
were obtaimnend wsinmg the EOCL Abardornment Rule amd the Fraodect
Balance Criteriony bt similar results were arreived st wusing

the other two decision criteria.

10
i :
~~ ] 1 1
w ) I !
o i 1 !
— ] ( 1
x ! . |
:S_I ! | !
i 1 t
- \ }
g ! ! : ’
B : : i !
H | 1 1
: i 1 1
R ' 1 1
0 ; ] ' 1
5 10 15 20
Proposals/Period

Figure 3.18 ELMHVI vs, Number of Frorossls rer Feriod,.



Fed:8 Number of lecision Times.

The rumber of decisiorn times i a8 study seriodsy as  the
rmbxer of rrorossls considered in every decision Limey has &
direct irnfluence in the amourt of time s8nd  compruler  memorw
nesded Lo solve the rroblem, A studwe reriod that 1s too long
ineresses significently the datse and staetistics Lhalt have 1o
e denerated  sngd kert  dn storasge, Also Lhe time needed Lo
simulate the srocess ineresses considerabla. G the other
fhare it the stude reriod is Loog sthorty the rrosossls with
lives longer than the slbudy reriod would not exerlt their  Ffull
effect on the decisiorn rrocess L[HLD. Therefores it is
necessare Lo use 2 studwy  reriod  long  enoush to allow the
rrocess to stebilize and a8t the same time shorl ernoush Lo

masimtain the comeutstionasl meeds s low as rossible.

I this simslaslions e lernsth of Lhe stuachs wardlod ia
set at H = 20y which i more Lharn Lhree times londger thamn the
averade litTe of the rrovosaslsy and helrs keer bLhe solution

time and Lhe comegter srace recuired at ressonahle levels.

Hed fdeelication of the absrdonment Rules Lo the 5IF,

Fhase 2 of the simulation rsrocess comerises the

arplication of  the abarmdormernt rules to the SIF submitted din
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everw  Fariocd. I this rhaser the firm evaluates the
rossibility of an early abamdorment of the errorosals using anw
of the three rules eresented im Charter  TTIT. When  such
rossind )ity is recodnizeds the rFrrorosals are modified
according Lo Lhe following rroceduares

If & rrorosal (which oviginzslly was delfTined as having a lite
Ly arm initial irnvestment Cor excected czesn Tlows ELCFOLYD: armd
exreched asoarndornment values ELAVOEY Ty with starndsrd deviastions
G LCFORY) and GLAVIEY Dy resrectivelw)y shoulad be sbendoned im
a certasin reriod J (O <4 <L)y then the srorosal’s 1ife should
e recduced From . to Jy 3o the esrected cash Flow in rerviod .

changed From ETCF YD) boy

ECCF a1 = ELCF GG + ELaVigd ]

. e
and the varisncer: From COLCFU)T to

O:%CF’(J)] az GEECF(J)] + GQEAU(J)H
The casn Flows erior to reriod J remain unchanged and those
beyornd  J  discarded From Ffurther considerastion. LT the
rrorosal should be abhardoned in seriod zeroy bhern the erorossl

a5 a8 wheole is discarderdd.

This =rocecdure Tollows the asssumetiorn  that  Lhe ocash
Flows and shandonment values sre varisbles having srobabilibs
distributions Wwith similar characteristics CHQT.

Srecificallwy bobth are assumer to be mormallye distributed.
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arital Allocation Criteria to the

S51F.

Morified

The third shase in

regulsrs reriodic areli

criterion to bthe modified

ot Lhis eardl

sosentiszls

actdresgeant i Chaster IV

concentrated in the

Lhe model. OF srecial

to  the deneration of the

Lo the measure of

Gemperation of

S5l

G B EG S T O

COreT™n

efTfectivness

the

the simutlation rrocess comrrises bhe

cation of the caritsl as8llocastion

set of investment srorossle. The

of the srocess have slreasde been

Therefares here abtbtentioan i

L]

af the sssumstiors imelicit im

are those sssumsbions relatend

buddet avilable im every rFreriod and

that will e usect.

Fudset Avasilable ir bive Decision

Feriods.

e  of the

constrainsg bthe firm to

Pitaelf,. No sllowance i

external GOLUTCES .

imvestmernt i each reriod

Trom irvestmernts mace i

determines that in the sim

to be  made for Lhe estim

early rart of bthe

asasumebions

Thereforers

shildy reriond,

e e A Section Bl o2y

orFerate only with funds denerated by

made  Tor obtsiming  furgds  from

S

the budget svailable for

comes From the rmet cashh receiverd

MooErior reriodas. This carnstraint

nlationrs a srecial rrovision hass Lo

ation of the buddget availsbhle in the

Thaser: L6681y armad Porle U511



i bheir simulation use a simrle method to derive 3 meaningful
estimate of the cash flows coming due within bthe studwe eeriod
af dirnvestmerdlts made before t = 0. The method is based on the
asaunetion Lhat s11 dinvestmerts wade werior to L = O are
unidform  series  bure of  investment with & life ecual to the
gverage LitTe of the srropsals in the STFy arned with & rate of
dgrowth  ecusl Lo the Firm’s aversse rate of  growbhs e
Althoudgh the erorossls i the STF do not nave bhis  wrciFormi by
aseumetiony 4t snhould be noted Lhat the combimastion of several

i3

adiffevrent rrorossls can result in 3 seriee of cash Flows  thast
arrrosches & undform series CHLT. Raved om this sssumetione
e eauastion derived to sstimate ROLYy bLhe cash recelrts 1n

roriogd b coming form investments made before the besinming of

e shudg periady ds the Followinss

_ ot .

ROkY = RO {14} EE I I PR I (H—122
wherey L.avy is the averadge lifTe of the rrorosals in Lhe SIF and
R g an it rarametery which in this simulation is

arbitrarily sel at twice bthe sversade initisl irnvestmernt of the

FrOFOSS8LS.

Fimallwy if CF{iedpb) is the i th cash flow of the 4 th

EPEQROSE e rtaken din oreriod by amd RESBOLY is the residuasl
-~

balamnce in reriad t thern the budget available in seriod t ROt

L&y

t~1 Jdik)

a

BOLY = ROEY + (141 ) RESB{tL-1) + = = BF{t-ky.rk) 5130

-
2



wherey

kY = the number of rrorosals accerted in roriod k.,

L= dnterest rate on a8 highly liauid investmemt.

This eauation shows thatr in arder to determine the
size  of  the budget availaeble 8t &snw  gecision btime 1t is
necesssry Lo keer track of all realizations of the cash Flows
asanciated Wwilth rrorossls urdertskeen bDefore  the ourrent
decision seriod.

-

G542 The Horvizor Value as & Measure of EfTecliveress.

The bssis Lo comrare the effecltiveness of the different

o

arsroaches  to o bhe  sbhandonment and selection of srorossls is
the Firm s tokal sccumalated wealth i a8 future esredelermined
eolmt i time o= My called Lhe "horizon'. The comeubatiorn of

the "horizon value 1o a#nalodgous to the comeutstion of  Lhe

abvdective  funcetion im Weingartrer’ s basic horizorn model U737,
That dlsr the sresent worth st Line H of the future receirpts of
investments that externd bewornd H bt were made orm or before He
slus bhe funcs  availlasble fTor  lending  im reviod H. Mo

Dorrowilng is considered i this studuey thus the corresroncding

terms are aomitted.

Simhollicallws bthe "horizon valua" isy
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AR AL - (H=l41)
HoWe = 2 = CF(H-ktbhedsk) Cltgt vk ) + RESR{H) (5-14)
kom0 =l
wheras
H.¢y = the "horizon valus',
CFigdrk) = & th eossh flow of the G th rrorosal
accertend in reriod k.
Jiky = number of prorosals saocerted dn o seviod b
RESECH) = residual  balsnce in seriocg Hy (s
available For lerncing).

ERNER = rate of drowth of the J Lo srorosal eccerlbed

in seriod k.

Im the simalationy the resalizations of the cash  Tlows
{abhandorment values included) of each erorossi that externcds
mevord the horizon have Lo he  stored  to coymE e £tves

corresroncing rate of srowth armd the H.V. .

5.6 Solution of the Fraoblem with Comrlete snd Parhisl

Informalticor.

The solution of the sroblem withh comelote  decfarmstion
reulres  that the realization of the series of caash Flows and
ashandorment values be krnown for all the erososals svaeilable in
the study  reriod,. Once  this information ie obltaineds the
rrorosals are modified by an explicit consideration ofy bLhe

atrardionment orbtion. The abarmdonmnent rale used im this casse is
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sracisely Lhe sasme as  rrorosed by Dwl  aod Lomg C181. A
#rorosal 1s abandorned at that time which srovides the largest
rrasent, worbkh.,  Afher the srorosals are modifiedy the casitzl
allocalion Frotlaem 16 solved. i Section 4.3,2. =
mixed-inteder linear srogramming formulstion was  srorosed Lo
sealve  horizon model.  The currentls availasble comeuter codes
Tor this tuwre of model are 2ble to solve =roblewms with szs manw
variahles (32} and comstraints (20 plus 300 urrer hounds)

~

nowevaery @ siandaTicsnt smoumt of comeuter  Time s recuilred.
Birmce a3 larde number of sroblems has Lo bhe solved Lo arrive at
statistically siganificant resulitsy 11 has bheen decided Lo wuse
& limesy  erodgramming ocodey  ssorifwcing some  soourscw i

exochandge of consideradle savings in the wbilization of the

availanle resources.

For the solution of e ot lem Wit h rartisl
Levformations s aimilar arrroach is used. The main difference
With the a2bove descoribed srocedure is  that the caritazl
rationing  decision is  made in 8 secuerntisl marmer using a

aro-orne inteder Linesr prodgramming coce.,

.7 Solution_to the Froblem with no Abarcionment .

The imtedgration of abancdonmant asnaluwsis imbto casitsl

rationing decisions has been suddested 39 a mesns of imsroving



129

The oversll caritsl buaddeting rrocess. Irn order to messure
Lhe magnitude of  bthat imerovemerntys it i recessary Lo solve
the carital ratioming sroblem  when T abhandonment is
considerern. The solution to Lbthis sroblem is obtained sssumics
that the inveshtor can only didentifws  the wsrorosals submitled
and  selected in the rast and in the current decision reriods.
All the dinformation that he 1s srovided sre exeecled values
arc  stardard  devistions of the erorossl’s series of cash
Tlows. He then solves Lhe allocabtion sroblen using ane of Lhe

criteria described i Section 4.2,

T,8 Reslication of Simulatiorn Rums.

I ordee to estimate  the effect of wusi;mg different

sbhandornment  decision rales arg ecseiltlal allocation oriteriar

sEversl mmmhin&timn# of Lthese rules and criteria are applied
to  the sebs of  dlnvestment sroeosals submitted withion the
slaring horizorn,.  Easch rune ol the simulastion model comsrises
Lhe  dgeneration and  analusis  of Lhe S1F for the 20 decision
Ferions. This e each run Froduces 8 single samele of  Lhe

norizaon value obbtained by the above moanbtioned combinstions.

Simece bthe borizon velue s & ranfdom  varisblers it is
necesssry to mahke several runs Tor esch investmernt situstion

to comeute significant estimates of ite ewrected valus  andd
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standard deviation. The decision regsrding bthe mumber of runs
Tor sach dnvestmernt situation can be made observing the
variahility of the horizorn value sfter several sreliminarw
rurse In o generales  as  the nmumber of runs dncressese bhe
variahilty of the horizon value is exrected Lo decrease.
Therefores rreliminary runs were made wibth Sy 10y and 13 runs.
In the aversdgesr & significant reductiomn in bthe verisbhility
(15,347 was observerd as a8 conseadence f increasing the number
of  runs Ffrom 5 b 10y snd onlw oa  H5.4% was obtained by
. -

imecressing Dhe number of runs From 10 Lo 15 Thereforeaery LI

this sbudes Lhe mumbeyr of runs was set st 10.

Another Factor Lhat should be taken inbto account in the
detevrmination of  bhe  rnumber of rams dis bhe obilizstiom of
cometer bime,  The model wsed irn this studg dis  ocomerosed  of
Tiwe rFrostrams linked bhw  Lbhe information each one srovides.
Orme Frogram gernerates STFy  simulates Lhe casth  Flows  and
abardormment  valuesy  and comrutes  the searsmeters for  the
carital ratiorning models that solve the mon-sbardonment ©ase.
This Qroﬁram takes around 13 SRU (Sustem Resource Units) to
gernerate the dats for esch rune & secornd  erogram malkes  the
abhandornmernt decision and solves the casitsl ratioming sroblem
Tor the absrndonment case. It taekes sround 35 SRU Lo solve the
rrablem  with 7 differpnt risk rarsmeters. A thivd rrodram
solves the non-zbandorment case. It takes 9 SRU to solve the

allocatiaon  sroblem For 7 risk rarameters. A Tourlth srogrsm
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stlves the case with wartial information arnd rererares  the
st omatrix for  bthe solution of the sroblem with comrlete
itrmformation.  This srodraem takes around 11 SRU. Fimallwey an
L& code from MFOS (Mults Furrose Oertimization Sustem) L6661 is
userd Lo solve the horizon model. This erosivam btakes around 20
saconds  to solve  bthe sroblem.  The first Tour srograms were
writtern dim FTNTS  (FORTRAN  Time Sheasring)  and the SR
corresrong Lo those estimsted bhwe the CIC Swstem at the bBeorgia

Institube of Techrnolosmy.
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CHAFTER VI

THE SIMULATION RESULTS AND AMALYSTSH

This charter cormtains the summary ard snalusis  of Lhe
results  obtasined fTrom the arelicstion of the model descoribed
irm o bhe srevious  charter Lo severs) irmvestment situations.
Simee  bhe srimarge concern OF this studw is to estimate Lhe
affect bhat abandornmernt comsiderations have on bhe outcome of
Lhe caritsl rationing  srocess when decizions are made on a
seauential reriodic basisy these investment situsations srovide

B #Hood sensitivity snalysis.

The charter hedgins with the defimnition of the four
basic w@ituations that Lhe stude covers. Therm Tollows 8 tirdief
descrirtion of the measure of effectiverness used to comrare
the restults aobtained witt = ! Wi thout ahandonment .

THeresfltery the anaslwsis of the results  FTor  each investment
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situation dis madeyr alonsg with the sernsitivity anslusis of the
rarameter that controls the size of the asbhandonment values.
The oharter concludes with & discussion aboult the results
abtained wsing the Exrected VYalues aAbsodornment  Roale 3%
comeared  to those  obtained when the Subostimal Abasndonmernt

Frale ie usecd.

Gl Turas of Tnvestmert Situstions.

The simalation model describwed in Charter VU permites the
generation of several differernt investwmert situationsy which
maw be used to anslwze the sensitivite o the abhandonmert
rules and caritsl allocstion criteria sroeosed in Chasters L1X

gricd TVy resrectivelw,

Feor this shbuds it is of imrortance to wvisuslize the

el fect of changing Lhree elements of the simulatiorn model?

L The chargcteristics of the distribution of tire
erorosal ‘¢ d@rowth  rate. This distribution maw be
cornstant or variable. I the comstant csses the
fraction of srorossls to be gererasted with & certain
growth rate remains wumchanged  throughout  the  studw

rarioc. v marticulars Lhe shagse of Lhe srobaebilitu
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distributiorn is that shown in Figure 5.3, Far the
variaghle ozser it ds assumed that the fraction of
Frorossls with  hisgher rates of drowth  incresses
tihroush time. The time rath followed by the

distribution is bthat shown in Figure 5.4,

The olass of sxrected cash flow ratterns.  The cash
Flow ratterns of the 5IF submitted in everw seviod
R b neterogereous or simgle  sawvment. JE¥
neterogeneons it is understood that Lhe srorosasls may
Mave e reasirss decreasings uridform  or  sinsgle
saument series of casnh flows. The Traction of easch
ture  of  wattern is determired by the raramelers Q1
antg A2 defined in Section 3.3.2.4.., The other case
iw o that  where a&ll the wsrosossals sabmitbed have s

single receist st Lhe end off their lives.

The olass of  exrected abandormmert values sabhern.
accarding to the tuee of rattern of the series of
agtrandormernt  valuesy the sets of investment srorocsals
mayw e classified s heterdgeneous or  exronentisl
decas. I the heterodgensous cases the rrorosals maw
Mave &  linesr or exsronenhtial  decswy series af

N

abandorment values. The Tractionm of each tyre of
rabtbterm is determimned by bhe rarameter F2 defimed  in

Section S.3.2.5.,. For ©Lhe exrornential deces casar
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the series of abandonment values of all the srorosals

follow an exronential decay function.

Helel  The Trnvestment Situstions.

Combirning the different rossibilities srovided by Lhe
elemerts discussed i bhe erevious sechtiony eishh investment
situations mew he dgenevratod. To simulaste esch of bthese eight
situstions would certsiniy  requlrse g considerable smwournt of
Lol e s Furthermorey the resulls obtaimed for some sitbustions
could  likelws bhe  dnferred  From  those abtained Tor obher
situastions. Thereforers thvis  studwe will concentrate its
alterntion o Four  of the most aerealins situations. Imn the
Tollowing sections Lhnew are referred Lo as Comeany Ay Comesnyg

By Comeany Cr ancd Company D

Comrany A rerresents an lnvestment situstiorn where the

o

share  oF the disteribution of the wrorosal’s rate of growth
remains caonstant througn Limey and the rsttern of Lthe series
of cashth Flows and ahesndonment values are of the heteroderecus

Lwre

Comesasnyg B has helberodgerneous series of  cash Flows  and
ahardorment  valuesy angd & time varwing distbribution of the

rrorosasl ‘s dgrowth rate.
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Comsary [ rerresents 3 situastion where the fracbion of
srorosals with higher dgrowbh retes remaims constant throusthount
the study reriody thw series of cash Flows are heterosSerneouss
and Lhe series of abardornment values Ffollow asn exeronentisl

decay Funchion,.

Comrarng I corvesroands bo s situation similar to Consany
A bt A bhis case  Lhe series of  cash flows of 211 the

rrorosasls are of the single raument buwe,

T sddition Lo the Four tasie  dirnvestmenst situations
described abhove:r it dis of dinterest Lo examine the efrfect af
Maving  the standasrd devigtion of  the 2 aEh flows and
atrarciorment wvalues comrated as a8 Ffunction of the time elarsed
netween  the forecasting arc realization reriocds e Lhe
Fforecasting horizon.  Thereforers a Fifth investmernt situation
similar to Comrany As buat including that festure is added to

v atuow Thise srecial case is ddentified a2 Comrsny B

The differences amondg bthe five drvestment situstions
are raflected  1m Lhe next sectior where the srecific

raramelers Tor each comeany are defimned.
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b.1e2 Defimition of the Farameters for tie Tmvestment

Siluastions,

Ged o2l Comrangy A — Farameters.

1. Constamt distribution of  the sroegssl’s  growlth rate
(Figare 5,30,

2 Discount rate (MARRY = 15X,

X i o= &4 (see Bection D.4.1.0.

4, Averzdge rate of growth = 24% (see Sectionm $.3.1.3.),

i Size of the extermal fundsy

RLOY = % 30-000.0 RO3Y = % [0 734.46

Feghdy = % 24,5,193.5 Ri4) = $ 12:489.2
ROIY = % L92510.9 R{SY = $ 16.233.2

G Froeosals litTe

Lmirn = 4y Lav = & lmayw = @

7 Frobabilits of a2 saeticulsr cash flow ratlern {(zee Section

'\:30:5020‘41)

F: 3 Frobashility of 8 single raument ture of cash Tlows

QAL = Q.cQ

e Frobebility of & series rauwment Lesre of cast Flows

AL =1 - Q1 = 0.70

If the srorosal is 8 series ravmant ture of cash flow

e Frobtabilite of 2 decreassing series
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N2 = (0,60
A Frobability of am dincreasing series

Q2 = 1 - Q2 = 0,40

LHR The fractiom of Lthe Ffimsl cas;n flow corresspnding Lo
salvage value (sese Section H5.3.2,85)
Fi = 0,50

=articular  shandomment values  sabbern

bt

i Frobesbilitw of &

(mwe Section 9.3.2.85)

& FProbapility of a linesr decaw Tumction:

2w (.40

e Frobahility of sn exronentisl decsay Functions
L= P2 o= 0,460
1O, Tie wsroabhabilits distribution of bLhe masgnditude of bthe cash
Flows and ahandoowment  vaslues  dis Normal  with bthe standsrd
deviation comeuted s¢ a  constant Tracbion of the emsected
values (see Sechiorn J.3.2.60070
bl o= 2 o= 0,138
1. Number of esrorossls rer reriod = 1F

12, Number of decisions bimes (HY) = 230

Halde2ede  Comeanw B - Faramelers.

1. Time wvarwing distribuation of the srorosals growhh rater
{see Fidure 5.4 and Section 5.3.2.3.)¢

#(t) = 0.0131 + (G.04469 @



4., Averade rate of dgrowth = 27% {(see Sectiorn S.3.1.3.)

T Size of the extermal furnds (see Sectiom S.7.14)

i

Readdy = 4 3G5000,0 KO3y = % 14y64%5.7

RELY == 4 23,622.0 R4y = & 11,332.0
RO2Y = 4% 18,600.0 R{%) = 4% P2080.4

ALl other rarameters are bhe samwe as for Comesarng &,

612,323, Lomearg O~ Farameters.

2. Frotmamility of & rarticular abasndonment valies

(see Hection S.3.2:594000

@, Frobshility of 3 Llinear decaw Fumctiony

e o= 0.0

137

atterm

s Frobability of am exrorential decsy fumctiors

- P2 e 1,9

Al other earamebers are bthe same 3w i Comesanw A.

Hada2ed,  Comearnw I - Farameters,

7 B Perobabrility of &8 single eauvment cash Tlows

8. Fraction of the finsl cash flow corressronding Lo

salvade values

s
il

1.0

salvade
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ALl oLher rarameters sre the same as in Comsarnd M.

Gal 245, Comrarnw E - Parameters.

1O The standsard deviasation is comruted sz & Lime varwing
Traction of the eurected vaolues (see Section 5.3.2.64600
Al SR w Y § DA

172
FLOL)Y = FRA40L) = &

Aall other sarameters are the same 3s in ComFany A.

Haed Risk-Returm Analdsis as a Measure of Effecltiveness.

Haedal The Efficience Corncerst.

im erracticey most mansdements rrefer Lo have investment
rolicies  that both maeximize Timsnoizl results over the londg
rur and minimize wuncertainty or risk. Seekirmg for additional
returnsy howsverr normelly entails sccesting sdditionsl risk
L300, Thugs  the decisiorn-makers  task ds  bto fimd those
itrvestment rolicies that srovide masimum return for & given

level of risks or mimimum risk far a sgivern level of returr.
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PP two rolicies sroduce the same averadge outcomer the orme that
involves less  risk  (variabilitw) is 8 more desirable or
"efficient® rolicw,. Or the other handy of two Frolicies
entailing the same variasbhilitwy the one sroducing the higsher

exrected outcome 1s & bhetter policu.

I bhis studyy bw simalating the Timnsncial results of
investments selected on Lhe hasis of & rarticular rolicw (use
of & rarvbicualar rigk earameter)y the exrected value &snd
standard devistion (measure of varianility or disrersion? of
e HMorvizom Value reaslized 0 each cesse  drndicates The
Fafficiencw® of the sels of irnvestment srorossls selected
under Lhat rolicw {311, The exrected Horizon Value ana  its
shamdard devisbion can De slotted om a grarh Lo show the
effectiveness of anw rolicws andgd 3 line  ocan then be  drawn
through  the efficient soints. This line is called the

"officiency fFronbier".

As wointed ok WY & 1l L5122y &ri imeartant
characteristic of Lthe efficierncy TFfronmtier denerated by
simulation is its stochastic mature, Simce the comeutatiorn of
Lihe evxeected values and  standsred devistion of the Horizomn
Value is bDased on & fixed samrle sizer s the size of that
samrle  chandes the efficierncy Trarmtier is likelw Lo chandge.
Thusy using basic sameling concerts argd information abhout  the

samrle sizer 1l is wrossible Lo determine the confidence limit
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Tor the efficiency frontier (see Figure 4.1,

Hv
@’ Efficiency Frontier

\’\/ -~
\/ Confidence Limit

. \
~
N
™\

E(HV)

Figare .1+, The Efficiency Frontier.

Geed  The Fislk aAaversion Farsmeters.

Thae to the facl bthat each decision-maker msw welsh rigk
arnct return differentlwy Lhis sbtuodw does rnot attemsrt Lo srecifw
the exact rreference of eéverw individuaal. Rather arn attemet
e made to  firmd  bthe efficierncy fromtier germerated by each
compination of absrndormmert rule arnd alleocatiorn criteria, Thus
Frovi o a measure to  test the effectiveress of easch

BEETOS0

Since the outcome of Lthe rrorosals 1 assumed Lo he
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normally distributedr the efficiency fromtiers are senerated
Msilng risk raramnebters that rande from 0. to 3.0 (see Section
3ed,1 430, I the simulations the same risk sarameter (L) is
uased  dn bthe  EGCL  Abandornment Rules Lhe MeaN Varianoe

Criteriony and the FProJdect Balance Criterion.

He2e 3 Dominance.

To illustrate the corncerslt of dominances Figure &.2
dericlts  the efTficiency fronbtiers genersted tw Lwo different
arrroaches to the evaluation of investmernt srosossl. Im  that
Figure it i said bthat the erfficiency Fronbier bthalt runs From
A ko B ods domimated by bhe one that rurs from 0 Lo I Thia
pmelies  that  bhe arsrosebh dsed Lo denerate the O efficiency
Trantier can rrovide hidgner exrected Horizorn Values  (ECHVYI)
Without  drmcressing G CHW . the standsed  deviatiom of the
Morizon Value (used 3 8 measure of variabhilitwe). Tiags bhe
latter asrsroach would be sreferred from & visk-returs saint of

Ve,
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G (W)

E(HV)

Fidure S.2. Homirance Tllustraltior.

.3 Summary armd Analysie of the Simulation Resulta.

Following the outline siver at  Lhe bedicdg of the
Chartery this section rresents the resulls obtairmed for each
of the investmernt situstions decscribted in Sechian delsl s in
mach case 3 comparison is made hetween bthe results ontained
with and without shandornmenty when different combinstions of
abarndonmernt rales and carital ratiordng oriteria are used. Tr
acdditions the results comtain am armalwsis of the eeffect of

atyvandornmernt  considerations on the acoumulated weslth of Lhe

irm when sartial and comslate information igs asvailasble.



145

H+30L Comeanuy A

This Comsrang rerresent an investments situation where
the distribubtiorn of the srorosals drowtbh rate remains caonstant
throudshout the stude reriod,. Tt is slso a situation where the
gseries of cash Flows asnd  abandonment  values are  of the

helterodeneous Lure.

The results for this ComFany s8re sloted in Figures
GeZey Heday ard Seley and  the detsiled sltatisbics sre

sumnarized im Tabxle H-1y in Arreoerndix A.

I Figure &.%3.y the dashed line resrasents the
efficiency Ffrontier denerated bw Lhe Mean Varince Criterion
whern abandonment i1s disresasrded. The solid 1lime 1s Lhe
efficiency Trontier gemerated by the ssme orilterior ot
ancluciinsg  abandorment . Faor the rno-asbandorment  case the
Lardest ewrected Horizon Values 4% 8243.1 % 103, ts obtaimed at
k=Gay whiich simely makimizes the exrected reresent worth  of

imvestments. As the value of bk increasesy the ECHV) gracduslls

13

decreases. This decressing trernd 1in ELHV] is 2 consecquence of
the fact that a smaller Pumber of srorosals meet the
reuirements set bw the criterion  andy  consealentlwy larger
anourts of Tunds are invested at i ¢ a8 low dinterest rate in a

Masnle Liauid dirnvestment. For values of bk larser bLhsan 3.0 the
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rnumber  of  wrososals accested draduslle diminishess and the
sxrected Horizon Value arerroches 8 mindimam of % 324233y which
s eauivalent to dinvest all funds svailable during the studu

rardiod at 1 Certainly this amount has no variabilita,

Comearing  the results obtained with and Wi tiout
ghandorment  iF is seen that the ECHV] asre caongsistentls higher
wihern  ahapdonment is Laken  into sccount, Howevery the
imrortance of the shandormernt comsiderations diminishes
gignificarntly as the value of the risk rarameter NCresses.
This is due rrimsvile to Lo the effeclt of k in Lthe aharndornment
HeCLEl0n. Ba ko odnerezsesr nmost of bhe originsl srosossls sre
ot only modified bult slso discerded. Im facte: most of the
srorosals sereened out dn bhe shearndorment s=nase are the same
redected o Lhe carital rationing criterion when sbandonmernd
is disresarded, Thus leading Lo unsidgnificant differances in

e results obtained 1in each case.

The staindard devistion of the Horizonm Value is somewhat
higher when abhandonment 1s  considered, arrarentels  this
contradicts the results obtsirned bhge Robichek amd Van Horne
L5371y who resorted lower varishilite when abandornment is taken
it sccount.  Howevery bthis contradiction is  only  arsarent
hecause bhe diffferernce in variabilite is fournd Lo be not
asignificanty with a degrees of confidence of 0.9% (F-ratio

tosl ). Theratforey allhousgh there 19 a3 glidght ineresse in the
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variashility of the Horizon VUslues there is rmot emnousth evidence
Lo state that thew are ditferent. Iy facte Figire 6.3 could
me modified Lo show that there dis mno  dntersection of  the
efficiency  Ffromtiers Cintersection meamns no strict dowinance)

bt that both tenmd to a common curve as kb Hets larde.

COMPANY A - MEAN VARIANCE CRITERION.

@ = With abandonment

QO = Without sbandorment

1: k =
1.3 2:
3:
4
S:
B:
7:

G (HV)
[ B B B I |
LN OO

LR

1.2

Standard Deviatfon

1.0

6.0 7.0 8.0 9.0
Expected Horizon Value E(HV) {* 106)

Fisgure 3. Ri sk ~-Return Charty Comeang Ay M-V Criteriorn.

Figure 6.3 also containg the statistics corressonding
Lo the saolution of the cosgeital buddeting s=roblem for 3 risk
. s . . 1
indi frerent decision-maker (k=0.2, ® rerrasernhs the

soalubiorn  obtained using the Exrected Values absnodorment Ruale
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ancd the

Larected Fresent Worth Mswximization Criteriomy while
1 ) . . ; ) .

[®] rerresents  the solution eobtained by this criterion wher

abandonment is disresdarded. These statistics show that ss =

COMSGeGRILIGTCE af  dincluding  the abhaodoament orbtion inn the

decision making erocess there is in incerement in the ECHVI  of

ZeS% . This imerrovement is statisticallwy sisrndificant with a3
dedree of confidence of 0.9 (raired b-test).

COMPANY A ~ PROJECT BALANCE CRITERION.
¥ = Wich sbandorment
Y = Without sbandonment
1 : k=0,
1.4 2:k=0.5
J:rk=l0
4+ k=1.5 2
g 5:k=2.0 Y
= 6: k=25 1
o 7 k=30 i
ol
¢ 1.3 I
3 [
o
-
ll
-
¥
a
3
5 1.2
-]
c
b
v
7 7
v ___Jf_
1.1
7.0 8.0 9.0 10.0

Expected Horizoa Value E(HV) (* 10%)

Figure d.4, Risk-Returrn Chartsy Comesnwg As . K. Criterior.

For the ProJdect HBalarnce Criterions e regulls

samerated are similar to those rerorted ahove. Ire Figure &.49

- &
Lhe dashed line that runs fFrom v ta A\V4 rerrasents the



149

efficierncy frontier for the no-abandornment casesy znd the solid
lirne corresronds to the efficiency Tromtier for the results
Wwotbh  abandornmert ., The  maxiomdm ELCHVI for Lhe latlter case is
realized st k=0,5 and amounts to $ 9988¢4*10:v which is 154

Mmigher tham the maximum attaimed in the mo-sbasrndonment case,

Comraring the results For the Mean Variance Criterion
(Figure HheX.) to  the resullts for the Prodect Balance
Criterion (Fighare &.40) it is seen  thal  the relastive
imErovement  in EDHVI csused bhw Lhe Lnbtedgration of absndornment
cornsiderastions is  larder for the latter criterion. This
difference is statisticsaillw sidgnificarnt, with s dedree of
certainty of .99 (raired b-test) for values of Kk less Lhat
J+0. Simee the Frodeclt Bslarnce Critecion takes into account
Lhe resolution of  the esrosgssls uncertaintas sl tLhe
intedgration of abardonment dinto the analusis of irmvestmernts is
3 crude way of reducing that uncertaintyry il was exrecled Lhet
the effect in the ELHVI would be larger when Lhe Mean Yarisnes
Critervion is used. The results obtasined show that i the
averadgey the imerovements made hw the Mearn Variasnce Criterion
is T.7%. IF this sversdge i1s comrared Lo the 11.3%2 observer
Tar  the Frodect Baslsnce Criteviony it may well he concluded
that the above exrectation was incorrect. Howevery ss it will
he seern later in Sectiomn 6.3.6y the relative imrortarnce of the
abharndormert agption when the Mearn Varisnce Critervion is  useds

aa comszred o bhe relsztive dmrortance of thast astbion When bhe



FrodJdect BRalarce Criterion 1% emrloweds is 3 furnctiorn of Ply
the rarameter that comtrols the size of the shacdorment
valuess Andrs 1t turens out that for the value of #1  used in
thig studee the difference bhetween the imerovement made bhu
ool eriteris res2ches 3 maximam. Im facktese Ffor larger or
smalller wvalues of Fl1  the difference bhetwesen the relative
imrortance of the abandornment ortion when either criterion is

used diminishes sidgnificarntly.

It is also of irnterest to ohserve that for the Frodect
Balance Criterion there is an aFrearent reductiorn in the
variabhility of the Horizorm Value when abandoment ie takern into
aeoourt . Howevers agsin this reduction is mot statisticsllu

sidnificant.

Whern sartial and comelete information 1s availables the
tmtedgration of the abarndorment ortion into the decision maling
#rocess has dramstic consequsnoes. I thatn cesesy  the ELHVI
incresses substantislly (314 and 404 resrectively)r armd in the
case with comrlete information the reduction in variabilitae is
statistically sidnificant with a8 degdree of confiderce of 0.95

(Feratio test).



G (AV)

Stendard Deviation

COMPANY A ~ ALL ABANDONMENT SOLUTION
D = Solution with perfect information.
4 = Solution with partial information,
QO = Expected Present Worth Maximization Criterion.
] Mesn Variance Criterion,
v Project Balsnce Criterion. 1 !
! )
o’ : |
1.3 \ |
1 i
¢ ! '
1 .
o |
. v l
3 ! v’ - D
) / , L 4 :
1.2 / %’ I )
é é /// : ;
é - : :
- |
- 4’ '
1.1 v7 ~ ! ;
1: k = 0. MARR : 15% ] !
o7 2: k = 0.5 g T 24% ! |
3: k =1.0 Co : $ 15,000, ' !
4 k= 1.5 R{0) ¢+ & 30,000. ! I
5t k = 2.0 Ql : 307, Q2 : 607 | !
1.4 6: k = 2.5 Pl : 507 ' !
7: k = 3.0 P2 1 407 \ :
i
[
t B
7. 8. 9, 10, 11. 12. 13. 14.
Expected Horieon Value E(HV) * 109)
Fizgure 6.9, Risk-Relturn Charts Comrenu A Aall

Abandorment HSoluatior.

TaT
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Fimallws Figure 4.3 dericts the resulls obtained hy the
different carital rationing criterion when the evaluation of
investment rrorossls considers the atrardonment astiorm.
Comfirming Fark’s results L3511y it is seen that for sracticsl
values of k  (from 0. Lty 3,.0)sy  the efficience fFfronmtier
dgernerated bw  the Frodect Balance Criterion dominates the
efficiency fromtier obtained bw the Mesnm Variamnce Oritorion
(statistically sigrnificant in terms of FELHVI with a degsree af
confidence of 2%, T additiorny e maximuam ELCHAVT  obtained
by bhe Frodect Balance Criterion (realized st k=0.35) is almost
12% higher tham the maximum  achieved bw  bthe Mean Variance

Criterion.

When rartizl informastion is availabler arvi  sbarndormment
is disregardedry the local orbtimunm for the srocess has an ELHVI
o i ] . . .
af $  85%2B8.5%10 . This amounl 16 less Lharm  bLhe  maximam
ablaired by the Frodect Balance Criterion with no zhandonment.
Therefores when abandomnment s disredardedy the avaeilabilite
of  esarbisl irmformation is not  imrartant. Howeavears Wwhen
abandonment is consideredy the locasl ostimum resches am ELHVI
v - RS . . o . .
af  $  11148%.4%10 v  which is 1372 higher +tharn  the maximum
obhvtained bw  the Frodect Balarmce Criterion under gstmilar

cirocumstances.

The solution to the rroblem withh comelete idicaformation

is  dernoted  dim Figure 6.5 bue s rectanale < [] Y As Lt was



awepacheds din this case the exrected Horizon Value is
considerably hidgher than that obtained by smy other eriterion.
Howeverrs it  should be  rememBered thaet this solution was

obtairned using & lirnear srogramning formulation.

bede2 Comearg B

Aricther investment situation which bis of interest for
this studws is  that where bthe distribution of the rrorosal’s
growth rate chaNges Lhrousgh time, Srecificallyy the situstion
arnaglysed is  one where the fractiom of rrorossls with higher
growth rates inereases a3  timg asrreoasches the end of the

slanning hotizon.

In order to be able to comrare the results abtaimed din
this case with those of Comranwe Ay z3ll rarsmeters have
remained the same. The onlwe chansge has beern to shift  Ffrom 3
cormstant distribution of  irvestment arrortunities to 3 time

varwing distribution 35 that shown i Figdure 5.4,

The results genersten for this irmvestment situatiorn sre
wlatted im Fidgures &.é8v 6.7 arnd .8y and 8 mare detsiled
summary of the statistics maw be fourd in Table a-2  an

PFFerdig M.



COMPANY B - MEAN VARIANCE CRITERION
® = With abandonment
O = Without abandoument

2.3

2.0 e

1.
.7 2:

3
1.5] 4

31

Standard Deviation G (HV)

ol O R

4 B A R QAR E

7:

T

10, 11,
Expected Horizon Velue E(HV) (* 106)

Fisttlre .6+ Risk-Return Charts Comeang By M~V Criterior.

The statistics For the Mean Variamce Criterion (Fidgdure
.61 show that for this investment situstions the sbandorment
ortion also exerts an influence inm the oubtcome of the carital
ratiomning BFTOCRSS . Again herer as i Comsanwy Ay Lhe
efficiency frontier denerated whern sbhandonment is disredardedy
which in Figure &.6 1is  rerresented by the dashed lines is
ciominated by the efficiencs Frontier dgernerted whern abandorment

is taken into asecownt. The lasrgest exrected Horizon Value for



i
&1}

the case with ahandornment 1s verified at l=0. and amounts Lo
$  11134,9%K10 s This @uantity is &% hidher than Lhe maximum

obitairmed whern shardonment comgsiderations are disregarded.

Figure 4.6 also shows that when abandonmernt dis  taken
into accounty there is 8 slight reduction in the variabilita
of the Horizom Value. Howeverys 8 hurobhesis suerorting a
statement of this rnature s redected with 8 9% degree of

certairnts,

COMPANY B - PROJECT BALANCE CRITERION.
¥ = With abandonment
VvV = Without sbandonment

1: k = 0.

2: k =0,5
~ :
B 2-5 3 k=1.0
“(;’ 4s k= 1.5
. P vy,
g : . ]
b 7: k = 3.0 76 }
L]
T 2,0 3T 62 2y
A )
T 7 pva.) /
- /
o y 3
E Vs ;
& 1.5 w7 /

74 /'1
il. i2, 13. 14, 15,

Expected Horizon Value E(HV) (* 106)

Figure &.7. Risk-Returmn Charbts Comsang B P, . Criterior.



1336

Far the FProdect Ralanee Criterionsy the statistics
lotted in Fisgure 4.7 show that ag2in in this cases  the
abandonmert.  ortion eroduces a much larder effect thar bthat
observed for the Mesn Variance Criterior. Forecislly
roticeastle 1w  bthe difference hetweern the wvalues obtairned For
k=0.y which does not only rresent & statistically significant
difference inm exdeectation bhut also & sisrdficsnt reduaction in
Lhe varisbility of the Horizon Ualue. Both hurobtheszis are
accerted with cedrees of confidence of .95 @ 9Py

resrecthively.,

When wartial and comrlete information is svailables Lhe
effect is also similar +to that observed in Comearns A
Howeveres in bthe sresemrnt investment situstione bthe reduchtion in
variabhility is not significant for gither level of krowledse.
With wartisl information bthe ELHVI obtsined when  shandarmmernst
is comsidered dis $ 144683.7 % 103. This amount is 259% hidgher
Lhamn the ELHVI obtairned without abarndorments a difference
which is statistically sisgnificant with 8 dedgree of confidence
of +25. With comrlete informations the ELCHUYY ds  almost 28X

larder when zhandormenlt cornsiderations



Standard Deviation G {HV}

COMPANY B - ALL ABANDONMENT SOLUTION
|:| = Solution with complete information.
9 = Solution with partial information.
O = Expacted Present Worth Maximization Criterion
® = Mean Variance Criterion,
¥ = Project Balance Criterion.
3.0/ 1: k = 0. MARR : 15%
2: k=0.5 g i 27% )
3: k=1.0 R(0} : § 30,000. [;]
Gb: k m 1.5 Co : § 15,000. |
5t k=2.0 Ql : 30% Q2 : 60% I
6: k = 2.9 Pl : 50% P2 : 40% !
7: k = 3.0 !
|
Sv i
o’ by :
4 1
3 01 v 1
2.0 ®6 4 6 |
I i
|
- I
e l
—_— v |
l
i
|
I
|
I
|
1.0 !
1
\/\; !
9. 10, 11. 12. 13. 14. 24.
Expected Hortizon Value E(HV) (* 106}

Figure 4.8. Risk-Return Charty Comrang By ALl Abscdarmerdt. Soloubian.



Finallw: Figure 6.8 shows that the efficiencwe fronmtier
dganerated bw the Prodect EBalance Criterion dominates the
@fficiency frontier obtairmed with the Mear Varisrce Criterion
(Exreted Fresent Worth Maximization irmcluded). The reasor the
Frodect Bslance Criterion rerforms so well in this  twee of
investment setting is that 1t recogsnizes Lhe advanltsses of
Learing Tunds availilable for investmernt in attractive rrovrosals
that mew be obtained in the Ffubture, Since in this case Lhe
Fraction of rrorosals with higher growlh rates keers drowins
through  timees the dmrortance  of making such considerations

raises sidgnificantiv.

Wher the results slotted im Figure 6.8 asre consared Lo
e regsults of Comerasny A& (Figure 4.9y 1t may be seen that the
derneral tenderncwy in bthe results feneratell by each ceriterion is
Lo show  an dncrease  in the ELDHV]  amd & THUT. hnlw the
gsolution Tor the sroblem with esartizl information dees not
follow the general tendencwy ands althoush it shows an Ancreasse

i ECHVIy the wvariabilite remains slmost unchanged.

4433 Comrarnw .

This investment sitaation corresroncds o the case where

all the wrorosals show exromentizl decaw series of abhandonment



values. When this is the casey 1t may be obhserved from the
data simmarized in Tabkle A-3 in éArrendix & that the
abardonmernt ostion has no effect in the ouwtcome of the carital
allocation srocess. I facetsy only the results obtasined for
the casse with rartial arid comelete information are
statistically significant with & degree of certsinty of .99

(waired L-test).

Simece the eacuabtion wused 1 the dHerneration of  the
abandornment wvalues was obtaimned by Eilon et sl L1931 from
enrirical evidence on Lift trucks (see Section H.3.2.5.)¢ the
results  obtained For bthis dinvestment situstion are imerortant
pecadse Lhey show that 3 decision-maker dealing with srorosals
whase abandorment values show this hehaviors does not stand a
hetter chance by intesirating the shandornment ostion dimto  the
analwsis of dnvestments. Althoush he should be sware of the
rossibilite of abandoning the srorosals bthalt have alresdy heen
undertalensy it is mot oritical to consider asbhandonmernt in the

rrocess of evelusting the rrorocsals.

S.304  Comearmwu I,

I reality most firms are cornfrornted bhw  sets  of

o
@

irnvestment erorosals which are defirmed dm this  atudu
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heterodeneaus. That isy the SIFs submitted in everw reriod
contairn & combination of erorosals with severzsl receirts
during their livesy and slso rrorosals with 3 sindle or scarcse
receirts. Thusy  a&n investment situation as thal resrresented
by Comeang Iy where all the srorosals have 8 sindle receisl or
raumaent at the end of their livesy is  rather wmuasusl.
Howevery it is useful Lo test the effect of the abardonment
agrtion  under extreme conditions. The results obrbained for
thie dnvestment situation are slotted in Figures &.99 4§10y
arnd  S.1Lly  and & detsiled summary is rrovided i Tabhle A-4 in
Arrenix M. Im the First rlacers it should bhe meatiored that
i this  csse Lhe consideration of the sharmdonmernt orbion Qs
oniv relevant for values of FlL (the rsarameter that conbrols
the size of the sbandornment wvalues) drester tham or eaual Lo

o~

Q.9 {raired t-test with a8 degree of confidence of 95, Thie
results rerForted have been denerated using Fl=1.0. That means
that the firmal and unicue cash Flow is assumed to he entirelw
the salvadge wvalue. It is  recosntzed that this assuamestion

cannot bHe comeletely Jdustifiedy but has been made im order Lo

arrive at meaningful results.

Whern an  exerected value aesrroacn i used  in the
arrrgiss)l of the investment erorosals ( Oi ancd .l i Figure

.90y the effect of the sbarndorment ortion in the outcome aof

the casitsl budsgeting rrocess 1s to increase the sxrectation

8

ard bie variabilitw of the Hortzon Value. The bQncresse 4im
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ELHVI is arrroximatelw a %y a8 difference which is
statisticalls sigrnificant with 3 dedree of certainty of at
least $ 75 {raireg t-~test). Ag 1n rreviows situstionsy the

inereasse 1n variabilitw is mot sidnificant (F-ratio Lestl.

COMPANY D -~ MEAN VARIANCE CRITERION
® = With abandonment.
QO = Without abandonment.
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7. 8. 9,
Expected Horizon Value E(HV) (* 106)

Figure &.%. fRdslke-Returr Chartsy Comearng s M-V Criterior.

Wher risk  is takernr into  account  in Ml dres the
abandorment amd  allocstlion decisionsy the resulls obteined
Witih the Mean Veriance and Frodect Ralarce Criteris are
basically  the same as bthose rersorted For Comrarny A, There is
8 significant dncresse in bthe ELHYI  sccomearnied by iy
sigrificant increases in variabilite, In Figure 4.9 it maw be

observed Lhat for bhe Mearn Variance CSritecioney the efficiencw



L&

frontier dgernerated when abandonment 1is disredsrded (dashed
lime) is not strictly dominated bw  the erfficiemcy Frombier
genegrated when abandorment is cornsidered. Howevers Tor most
values of k the increase in ECHVI dis  more Lhan  enoush Lo
caodnterbalance the nedative effects of an Lnocresse in LHYT,
For the FrodJdect Balsnce Criteviony 3 decreasing trend inm the
differernce in variability betweern the results wilth amd without
abarndonments  For  incressing values of |y  aocomeanied by
sigrificant differences in exprectabion for a8l)l valuss of Lhe
risk raramelerrs determine that Lhe efficiency Trantier for Lhe
e abandornment case (dashed line in Fiduavre 46.10) be dominated

trw bhe efficiemcs Tromtier Tor Lthe results with abarndormmert.

COMPANY D - PROJECT BALANCE CRITERION,
¥ = with abandonment._
<V = without abandonment.
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Figure 6.10, Rislk-Return Charty Comranw Oy [, 12 Crilteriore.
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Standard Deviation

COMPANY D -~ ALL ABANDONMENT SOLUTION,
] & D
= Solution with complete information X
<> = Solution with partial information- ; !
O = Expected Present Worth Maximiration Criterion. . I
!
3.0 ® = Mean Variance Criterion, : I
¥ = Project Balance Criterion. X :
. ] |
1: k = 0. MARR 3 15% ! :
2: k= 0,5 B ¢ 247 ! |
3: k= 1,0 R(0) : $ 30,000. ; ,
4y k= 1,5 Co ¢ 5§ 15,000, [ :
5: k = 2.0 Q1 : 1007 Q2 : O% ! 1
6: k= 2.5 Pl : 1007 P2 : 40% ; .
7: k= 3.0 .
, i
2.0 3 1 |
v \ :
5 o i 2 ' :
.; ’ ! |
6 \ 2 . }
® /’ - : |
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Tg " - ! !
'7__’ _ ' :
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¥ v - AN _ { AN . —
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Expected Horizon Value E(HV) (* 106)
Figure éd.11, Risk~Return Charty Comesnw D ALL Abarndorment Solutioarn,
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Are Lmrortant resalt obrbained  Ffrom  this  drnvestment
situation is relsted to the relative ilmerovement in EDHVI] made
e the Mesn Usrianmce and Frodect Baslance Criteriss =3s a3
conseauence of dintroducing abarddonmernt considerabions Lrto the
fecision FPOCess. Confirming the statement made in Lhe
analusis of a8 similar situation in Comearny sy for larde values
of L (1.0 in this casels the dmerovemenl  made Dy bolb
criteriz i not sigrdficerntly different.  On the averasses the
incresse im ELHVI made bw the Mean Variance Criterion s 7.9%
amtd bw bhe  Prodect Balsnce Critevion is 7.9%,  Albhousgh the
relative imerovement is lower for the lsatter crileriony the
difference 1s neh  statistically sidrniticant (raired L-test)

with & dedgree of confidernce of 0.9.

Fimelluyy Figure .11 shows  that Tor  this  drvestment
situatiorne the availahility af sartisl and  comnelete
infaormation exerts & considerabhle influencse or bhe autoome  of
the ocaribtal rationing Frocess. Wher rartial informatiorn mas
e obbtsineds and shandornment is taker drte accounts the  ELHVI
generated (% 1B297.9 & 109  is 89.4% higher tham the ELHVI
reslized when shardorment ie disredasrded, This incresse in
ewrechtation  ds  secomeanied e 3 sidgmificant  dincresse dn
variaility (Feratio test wilth & dedgree of confidernce of 9%,
Whern comslete information is availabley the straencdornment osbion
rises Lhe ELHVI from $13432.4*103 ta  $24692.3%103  (almost

9% incresse) snd the GLHVT from $2323. 18107 to $3412. 1107,
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The differernce the ELHVI is statisticelly sigmificsnt with &

dedree  of confidence of at least .99 (rairved tL-test)rs bhul the

difference hetwean Lhe G LHYO is ot sisniticsnt (F-ratia

test ),

6+3.0 Comranws B

Tre Sechtion H,3.2.6.v Ltwo arrroaches Wwere  srorosed for
Lhe generation of the standsrd deviation of the cash Tlows and
ahandornment values., One arrroschy used so farey  assunes Lhast
tLhe standard deviation is directlw srorovtiomnal to the size of
the eurected value. Thirsy bhe following saustion wes used  in
the simulsatione
CLXT = i Elxl

where b ois a8 constant esrameter.

The second aerrosceh assumes that the standaed devistion
is a#lso & function of the time elarsed hetweern the forecassting
eriod and bthe realizstiorn reriods the forecaslting horizor,
If Lihis is the caser the enustion srorogsed for the calculation
of the standsrd deviations iss

GLX]1 = b F(E)Y ELX]
where (L) is a8 cormtincus Ffunction of the forecasting horizon.

Assuminsg that & dgrester vearistbhilite will zccomeary Forecssts
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made for reriods further i the futures FOLY  muast e @
increasing  Tunction of t. I sdditionr the rate at which
CIIXT chandges maw either imcresses decresse or remain comnstbant
throuwgh time. Thaet behavior desends ecbirels on the situstion
Lo e simulsted. In this studwy it has been sssumed  Lhal the
rate af  chandge will decrease  Lhrough Limne. Thusy  Lhe

following eaustion is usedy

Ty
A

PLLY = 4

which follows the wath stown in Figure 6,12,

£(t)

Figure &.,12, Function L) =

The resultsy rlotted in Fisures 6.13s édoldy mrmad  &.15y
ard  summarized in Table H=3 in Arsendix Ay were oblasined for
an dnvestment situstion esauivalent to  that rerresentod b
Coms-zimy A with the minar modification srarased abhove for the
generation of the stardsrd deviatiorn of the cast Tlows  and

atrandarment values.
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COMPANY E ~ MEAN VARIANCE CRITERION,
® = With abandorment.
2.0 O = Without absndonment.

G (HV)
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1.0
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0.
0.5
1.0
1.5
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2.5

3. . 4, 5. 6, 7. 8. 9. 10,
’ Expected Horizon Value E(HV) {* 106)

Figure &6.13 Risk—-Returmn Charty Comesrog Ee M- Criterviarn.

Wherr Figures &.13 and 6.14 are comsrsred Lo tLhe
corresranding Figures (63 rd &.4) of Comesmy Ay 1t 1 gseen
tLhat i Lhis caser the offect of comsiclerios e anardornmenrt

A

otion  dis onlyg sisniticant for the low values of k. Whern the
Mearn Variance Criterion ds  wsed to Il e the carital
allocation: the differernce bhetween the exrected Horizom Valoe
obtained with and withoot abandorment dis  omlwy statistically
signiticant for walues of k less tham or ecusl ta 0.5, What
this sauws is that bthe inmtedration of the shandornmert ortion is
only  significarnt for decision~makers which sre hasicslly risk

imai T ferant. For the Frodect Balasooce Oreriteciorn Lhe aamne
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difference is onle significant for values of k larder than or

erial to 1.0,

COMPANY E - PROJECT BALANCE CRITERION 1
2.0 w = With abandorment.
: <7 = Without abandonment.
~
]
[+
c
]
=
-%l Avd -} 59_ A 22
(=]
-
-
T 0 1: k = 0.
2 2: k = 0.5
» v 3k =1.0
. 4y k= 1.5
5t k=20
5: k= 2.5
3. &4, 5. G, 7. - L8 10
Expected Horiron Velue E(HV) & 10%

Figiure &.14., Ricl-Return Chartes Comranw e o B Criterion.

The change observed in these resultsy as  cowmrared o
thosze of Comrang A 1s due rrimarileg to the incresse in the
variability of the rrorosals. Since bthe standard deviations
are no  longer 3 fraction of the size of the exrected valuess
the exreclted Horizon Value bDecomes extremely sensitive Lo
changes in the risk rarameter ande for evern moderste values of
ke most of the rrorossls are not only modified hbhut slso
discarded Ffrom Ffurbther considerstion cduring the abandormernt

analusis shase.
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Standard Deviation

COMPANY E ~ ALL ABANDONMENT SOLUTION
4 = Solution with partial information.

C = Expected Pressnt Worth Maximiration Criterion.
@ = Mean Variance Criterion.
¥ = Project Balance Criterion. *
1t k = 0, '
2: k» 0.5 :
3: k= 1.0 v! |
4: k= 1.5 !
2.0 1 : . )
5: k = 2.0 B 4 .
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Figure

[ ORI U L N S VS "~ 1 'R
o1, Risk=Returs Charls Comearms [r ALl Atrandarmert, Solution.
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Ariother interesting rasult obtained from this
investment situstion maw bhe visualized in Fidgure &.15%., There
it 1s seen that when sbhardornment corsiderstion sre madey Lhe
FrodJdect EBalamce Criterion wrerforms belter Lhesn  the Mean
Variance Criterion (Exerected Fresent Worth Marmimizabion
included) onlw for values of Kk less tharn or seual to 0.9,
These results show Lhatlt when the variability aof the invesbment
rrorosals ds 8 dominant factor n the decision srocessy Lhe
imrortarnce of tasking into sccount the srorossls uncerbainby
resolutiorn diminishes substantisly. I Facts when abandormert

o the  eurected Horizon

14 disredardedy the difference hetwee
Uslue obtained bw  the HMearn Varisncee Criterion and Frodect

Balamce Criterion is rnot statistically signdificarnt  for  ang

valie of the risk rarapeter (saired t—test with at lesst 3 99

regree of confidence).

Im Figure &.189 the mamimum SLMY for the Frodect

. . . o . )
Balamce Criterion oaccurs at k=08 (W) ard Lhis walue i
statisticallly sidgmificamt over the maxximem ELCHY] sochieved  Dw

2

the HMean Varianece Driterion (@ ) anc b the Exrected Fregsent
. . . - . 1. . ;
Workt Maximizstion Criterion (Q 7))y with 3 tograe of
confidence of 95, Figure &.1% also  shows  Lhat im Lhils
gituation the availabhility of rartiasl lreerid Lerefaien airount  Lihve
ovteome  of  the rerorosals is of dgreest imerortarnce. The BLHUI
obtained when such infeorambtion is  availlable ( & in Fidgure

&4 L8 s almost  JF3I4 hisher then Lhe madmum sonieved ba bhe
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FroJdect Halsnce Criterion.

$.3.6 The effect of changingd F1.

The value of Ply bthe rarsmeter that comtrols the size
af the abandorment valuesy is & factor bthast slaws sn imerorlant
role inm determining the imerovements thaet ocan bhe  made  dn
carital investment ceclsions tLhroush ahandorumert
considerations. Since the value of FL used in the simalation
of the results dgernerated Ffor most of the investment situations
has  remained constant abt FPl=0.3y it dis  of drntereslt Lo
establish Lthe effect that & chande in FL would have on Lhe

resitlhts.

This section contains an asnalysis of  the resualts
genershed bw different investmert criterias Ffor seversl values
of FPL. In srarticulars six values of FL rangicmg from Q.2 Lo
1.0 are selected to comeute the ELHV] statistics associasted
with each decision criterion. Sirmece the PFrodect EBalance
Criteriony the Measr Yariance Criteriony and  the EGCL
Aapandonment Rule  reauire the serecification of the risk
aversion coefficiemts the value of kL is set at 1.0, The rest

of the rarameters take the same values as in Comearny A.
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The statistics obtained from varging the value of F1
for each decision oriterion are summarized im Tabhle A-&  in
frerendix e Fidgure 6.16 illustrates Lhe relative imeravements
made by esch criteriony 83 8 consecuence of comsidering  the
abarndornment ortion. Before contiraing Wwith the amnalwsisy it
should he noted that in Figure &.1&6y the slLandard sgainst
whictr the results for each criterion are comrsred is nol the
same. The basis of comrarison for tLhe results obtained bw
gach compbimstion of  asbandormernt  rule and ceritel retioning
criterion a2re the results obtained bw  Lhe corressoncdinsg

carital ratiorning criterion when abandormment s disredasrded.

©C = Expected Present Worth Maximization Criterion (k=0.)
@ = Mean Variance Criterion (k=1.0)
w =~ Project Balance Criterion (ke1.0)

40

30

20

% increase in E(HV)

10

0.2 0.4 0.6 0.8 1.0
P1

Figure 4,16, Effects im ECHVI of changes im F1L,
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The ELCHV] statistics obtained with the Exrected Values
Abandornment Rule angd the Exreched Fresent UWorthh Maximizstion
Criteriont Q 1 show that the irmtegration of abarndorment is
only significant for values of Pl dgreater than or ecusl to G.4
{paired t-test with 8 desgree of cormfidence of at least 237,
The dimsrovement made bw this combination of  abandonment rule
and  caritsl  ratiorning criterion is  rather unsensitive for
values of FL us bo 0.8, From that =it one the difTererence
netweern  the results  obtsined with  ard withoolt sbharncdonment
irmereases sidgnificantls,.  The maximum imerovemant dn ECHVT  ig

attained st Fl=1.0 srd is almost 34%.

For the Mean WVariance Criterion aned e GG
aharcdornment  Ruler Lhe dimerrovement i ELCHYD irncresses steadily
nat at a low rate for valoues of FL smaller Ltham 0.6, For
larder wvaluess of | Fils the effect of the asbandornmert orbion
pecomes verwy sensitive bto  chandges in that wrarameter. The
M yed mim imerovement sehieved oy tivig combimstion  of
atancgonment rule and carital rationirmg ceriteriorn is  realized

at Fl=1.0 arnd amournts to areroximatels 3 41%.

Where  bhe  Prodect Balance Criteriorn  ard  bhe FGCL
Abancdorment Rule sre usedy bLhe imerovementlts made in ELCHVY as
comrared  to  the no  abandonment  solution shows a fairly
constant  increasing trend for imcreasing values of PL, Agasin

im o cbhis casers bhe maximamn doerovement is reslized st Pl=1.0¢
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and i almoast 34%.

Iuring the anslesis of the results of Comparnge & it was
observed thaty simce the Frodect Halance Criterion tskes into
agecournt the resolution of the rrorosals uncertszinbygs  and  the
intedration of shandorment considerstions into the amelusis of

o

investmernts is & crude waw of reduacing that uncevbhasirmbwey  bhe
effect of such an intesration  should be  lower for Lhis
criteriomn thaern for the Mean WUarisnce Driterion. Al hougty
this  assumsbion is  rarbtly  incorrect  because  Lhe  Frodect
Ralance Criterion a3lso seleclts those erorossls which =28 8
COMSSALIRITOR of the ashancornment ortion evovide a8 Ffaster
recoverws af  dits  irvestmerts Figure &.1é6 shows Lhat the

difference bhetwean bthe imerovement achieved bhw hoth coriteria

reaches & maximam in the vicinity of the value of I Lised it

Lhig simulation. That difference is statistically sigrnificant
with & dedree of certainty of al least 0.93. For lower values
of Fly te  imfluence of sbhbandornment in the outcoms of both
criteria becomes nedgligible andr thereforer the differerce in
imeFrovement is  also negligible. For higher values of F1 the
abandorment ortion fullw exerts its influence as & means  of
reducing the uncertaints involved in the srorosals. Lo Figure
bal&y For Fil=l.0 the imerovement made bw  the Mean Variance
Criterion saerears to  be higher bthan the imerrovemernt made b
Lhe Frodect Balance Criterions haowevery bthe differernce is  not

statisticalle significant (raired t-test).
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¢4 The Euxurected VUsalues Abasndonment Rule and the Subosbimal

Abandornment Rule,

In Charter I11ly & Subortimal aAbardonment Role was
sudgeasted as an altermative to the Exrected Values Absrndonment
Fule derived bw Owl endg Lomg LLIS1, The Subortimal Rule sawus
that & erorossl  stoulad  be abandoned gt that time where the
first rositive local oxtimum for the exrected eresent worth
OCCLITS . To illustrate the soints Filigure &.17 shows 3 =lot of
the exrected rresent worth gs 8 Ffunction of  bthe stbandonment
FRTLO. I that figures From an atacndornment roint of views
the rrorosal should  bhe  gbhsndoned in reriod & because 1t
rrovicdes the maximum exrected sresent worth. Howevers if the
Subortimal Abancorment rule is usedy  the srorosal would bhe
abandorned in reriod 3. This Iatter rule has some arresl when
carital rationing decisions are made on & secauenbtialy reriodic
manner because 1t releases faster the funds tied ue din oa
rrorosaly rroviding more buddet for dnvestmant dn the fulure

i more srofitabhlers glternatives,
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Figure &.17. ELFWT we s Atvarciorment Ferioc.

Several simulatiorn rurs  were made bt comEazre  Lhe
rasualts obltainesd by these rales sod im 211 cases bhe outcome
wWwas exachtle the sams. Far fram irmdicating Lthal hoth rules are
eauivalenty these resulbts  showsd  that  For bhe Lwese of
rrorosals gemerasted in bhis stude it malkes ro differerce when
using  e@ibher  rule. The wroblem is that for these prrorosals
there is &8 single ortimam abandornment reriod sy therefores

the first sosiltlive  locsl ortimum detected b bthe Subostimal

Riile is alwsws the globasl ortimum (see sroof in Arsendix B).

Sirmee a comrletely revised simulstion model  would be

neadaed to dgererate rrorossls whose Exsrected Fresent Worth had
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a3 pehavior similar to that shown in Fidure &4.17y it has been
decided to submit the comrarisorn of these rales ss 8
recommendation for further research ard to concentrate  bthe
shinds  on the analwsis of the effect of the shandornmernt oslbion

orn bthe situstions rresented throudghout this chaelter.
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CHAFTER VI

SUMMARY OF RESULTSy CONCLUSTOME AND RECOMMENDATIONS .

Throudghout this researcny a8 mebthodolody nhas @En
derived to allow For the simulation of & seuentisly reriodic
carital bhudgeting srocess where abancornmernt considerations are
maie . Im this chaerterr & summary of  the results  aod
comcluaszions arrived gt during the develosment of the shoids i
rregserrbed. Sectiorn 7.1 reviews the results of the resesren.
Thereaftery the serneral conclusions are formulasted in  Section
73y followed bw  recommendations for Further research in

Sectiorn 7.3,
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7+l Sommare of Results.

This study bedins with a3 discussion about  the ocurrent
state af the art of  abandorment analusis. Fraom that
discussions Lkwo main observaltions are drawn. e concerns the
lack of  amn abandomnment rule caeserable of Prmeluding rishk
considerations in the demiﬁimn FTOCEGE The second refers Lo
the limited resch of the currentls rerorvted seslications af
avardornmeant ansluysis. Most of the articles Lhat have deslt
withh  ahandornment have rersorted their results om single reriod
carital rationindg decisions arwd on secert-redect srobhlems, In
view 0fF these obsevrvabionssy it is  decided to ovienl Lnis

regesreh  btowards  estimating the imeorbance of mal i ris

abandorment considerations in seuentizl carital rationing
wroblemss where the outcome of the investmenl srorosals is ot
Frown  with certainba,. Thues dneorsorasting shandornment as an

imtedgral rart of a carital budgeting srocess.

The firel ster towsrds asbtbtaimicng that faosl is to derive

arr abharndarment  rale carable of dealing exelicitlae with risk.,

Sirmee bthe decisiomn to hold or to abandon 8 srodect mew well be

viewed 2% a decision to accert one of two mutually exclusive

alternativesy three wsrocedures commornls wsedd @ k. i

decisions  under  risl  are  anaslyredy the Probasbility of Loss

riethady the Coefficient of VYariation Mebhod snd  the Exrscted
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Gain Cormfidernce Limit Mebtthod. The Frobwabhilite of Loss Mettiod
Froves to be an extremely wealk screening srocedure  whep bLhe

chanees

that  bthe outcome of the altermatives he negaltive z2re
close to sero. The Coefficient of Vagriation Method idis  based
on 8 rationsle which is wlsusible erousitis Howawveaers it iws

.

shawrn that the use of the coeffictent of variation as 3
measure tor selecting aslternatives has dnherent Limitations.

By definitiony that mezsure wses Lhe standard deviastbion in its

numerstor  and it therefore does not reflect the risk involverd

in the decision in its actusl masdnitude., Tt Tails Lo

distbingulsn nDetween rositive and medgative side variations.

Fimgllus the Eurected Gzin Confidernce Limit Melhod
rrovides  an adequate means  of Quercoming the deficiencies
associated with the Coefficient of Variasltiom Methods while &t
the same  Lime maintasining dte msin  sdvantadges  such as
simelicite and ease of comreubatiorn. Boecause of bthe advantasdes
shown bw this  Last methody it is wroan its theorelical bases

that the abandorment rule is develored.

I addition to the sbandornment rule Lthael tsakes rishk
irbo  asccounts  anm alternative rule for the csse where Lhe
decision=-maker is risk indifferent is derived. This ruler
subortimal  From an abandormnment =oint of views has some areesl

for arrlication in seauentiazal caritsl ratiordirng srocesses.
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The study contiries Wwith &8 descristion of the
seauentizl carital rationing FrOCEES . Tie investment
situation suggested is one where the investment decisions are

0

tlary reriodic bhasis  and  the obhieclive

macie O 3 TE
maximize the total sccoumulated weslth of e Tirm at some
rredeternimed horizon bime. It is assumed Lhe wrowledde asboal
tLhe oauwtcome  of bhe erorossls ds erobabildistic asnd bhat there
is mo dimformation asboual the investmenrnt orFrorbunibies Lhal  maw

pecome available im the future.

When sbandonment is included as am intedgral rarvlt of the
carital  bhudgeting rrocessy bhe decision Lo hold or to asbandon
a rrovossl An g certain reviod maw telke rlace i two ifferert

sltadges of the rFrocess. e stade comsrrises bhe mutusllwe

@xclusive choildece smong dinvestmnent srorosals, The obher slage
corresronds bo o bthe decisions made in every seriod after Lhe
rornsals have beern undertalen. I the firsth shasges arn &
sriorld  ddentification of  the esrorosasls ostinsl shandorment
reriod 1s needed,. This has Lo bhe dorme becasuse at  Lhvis  stage
all the rrorosals sre comretings bherefore esch ome should be
rresented in its anticirated orltimal rerseechive. Ormee  bhe
rorossls have been sceertedy the abardonment reriod rieed mot
e Frrecisely bthe one forecssted durving the First state. Twe
factors dinfluence that eventuszl chanded The rossibilite of
naving more adeauste estimates of the sroerosal’s  cssh Flows

arc abrancionment valuess and  the availlsbhility of more
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srafitasbhle rrorosals in futoure reriods. The effect of the
first Ffactor in  the decision making rrocess is evidenty the
closer the reslization reriody the more accurate Lhe Torecast
and the decision. The secornd factor corncerms the Facl Lhat in
every reriod all the rrorosals elidible Tor asbhandorment should

pe cornsidered as sources of funds Lhrough dissosasl L1501,

Althoush from & theoretical woint  of VI EW tine
irntegratiorn  of  shendonment dnto  carital retioning =roblems
should comsicder both of the above stagesy this study asszsunes
that a8ll the srrorosals sre held until their 8 sriori estimated
artimal  ahandornment  Feriocd. Tt ds  recodgnized Lhast  Lhis
assumetion 1 not  rigorous hecanze a fivm should be able Lo

aharndorn st least some eroJects at  intermediaste reriods.

Howeverys @F acotusl debts 19 not avalls

bey it dis unreslistic Lo
select randomly  the fraction of aussets aligitile for
abhsndonment  in evers seriod,.  Furthermores srachical svidence
shows that erodects sre wsuslls kest in business wuntil  Lheir
economic lives are reached. TherefTorer the decision-makinsg
srrocess Followed by this study assumes that bhefore makimg  the
caritsl retioning decisionr the decisiom—maker evalustes the
rossibility of abasrvdonirs the Frorosala. Wher tiat
roseinIlity is recognisedsy the wrososals sre modified
accordinglyy and then submibtted to the casitasl sllocation

PEEE. This rwrocess is rereated im everws reriod withic bthe

slanming NOrLEor.
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A simulation model s develored to dgernerate a numbier of
investment situations where the decision making rrocess 1s
merTormect, I each situstiornr 2 comezrison is made bhelweer
the results obtairned with and without ashancdorment FTor  three
carital retioning critecion. Also a8 comrarison 1s made
fretweer  the outcome  of e adiff{erent criterion W
abardorment ds bLakern  dnmbto  account. I asdadition to bthese
resiullss the anelwsis  de  externded to  the CHanEs Whe e
information about  bthe  future irnvestmernt osrorbunities  ds
avallable. Two levels of knowledsge sre examined, Ore assumes
that the decisiore-naber has comrlete knowleddge about the
erorosals submitted Tor dmelementation sk Lhe Lime of
Aecisior. The secord assumes thet comelete informaltion about
the rrorosals beins considered throughout Lhe slamnning norizon
s availasble. The analwsis of the latter btwo sesrosches is
imternded to stow the importance of  havirmg  more  information

when ashandomment is considered.

7.2 LConclusiarsg.

The resullts rerorted in Charter VY show Lhal under most
circumstancessy when carital rationicng decisions are made on 3
seauentialsy reriodic basisy the effect of making shandornment

considerations in  the evaluation of the =rososasals i1 to
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incresse the wealth of the firmy Wwith mo sidgnificant change in
its wvariabilitbw. Freertions to the rule are the situstions

described by Domrarndes £ and 0 aned to some ewbernt Comezow .

Comearnw [ rerresents the situstion where sll  the
Frorosals submitted during t iy slamming horizon  have
exronential decaw series of  abandorment  values, It 15
rossible  to  Find  Firms confronted with irnvestment srorosels
Wwith & series of abasndorment values thalt sresent this kind  of
nehavior. I facty the eauation used to simulsle the
aharndarnment valuss was abtained be Eilon et al. L1931 TFrom
emEilricsl evidernce., This result indicates that & 2 Firm
rarfoarming in & similar investmernt situabtion will srabhabhlye not
realize ilmrrovements irn dbs seoumalated weslth bwe dintedrating
Lhe  sharmdornmert  optiorm i the eveluastion of imveastmant
FPOROSELn. Mowevers this does not  imely that shandonment

should be comrletely disredarded  from  the decision sroce

hecsuse evertusllyry some zdvantages cauld bhe aobserved F the
disrosal of erodects in Frogress is  wviewed 23 & @ means  of
gathering  Tumnds For  dnvestmest in more srofitsable erorosals

that maw bDecome available.

Comeany I corresrords to the irnvestmernt situstbion «hers
a2ll the esrorosals have a8 sindle sawnent bture of cash Tlow
ratterr. The results rerorted FTor this oase  show  that

abandorment considerations are anly relevant for values of R1
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greater than or equal to 0.9, The irnvestment situation
rerresented bw  this Comranw  dis  rather unusual becsuse in
rractice 1t is likely that most Firms will be confronted bhw
gets of heterodgeneous  investment srososals, Howevery bLthese
resiylts are wuseful to roint oot that  for this  twse of
investment erorosal  bthe anfluence exerted bhg ebandonment is

relevant onlys under extremse coreiitions.,

In the srecial case where the varisoilily of the cash
flows and abancdornmant values is a ftumction of the Torecastindg
horizaom (Comrane E)r the effect of the asbandorment astion 1o
the accumdlated weslth of the firm is only relevant for Firms
which are basically risk imndifreoremt, Whar moderate ang  hish
values of the risk aversion rarsmeter  are  Usedy Lhe
imerrovenents macte by dneluding abhandonment cormsiderations dnto
the znalusis are not  sidgrmificant. e o the large
variahilitye thet zccomesmnies the forecassts made further in the
fubures bLhe esossibilite of reestimsting the cash flows and
abandorment values durinsg  the 1ife of the srorosals will
Frobably nave a8 drester influences inm the firmal abharcormernt,

AECLESL0MN.

The inmtedration of the abandorment ostion into carital
pinletsiet i FLOCEGEGS Mas 3 substantial effect om Lhe
accumulated wealth of the Firm  whern  eartial ard comelete

information  about  bhe irvestment srrosossls s availlanle. Ly
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rarticulary when rartiasl information maw be obtaineds tie
imrrovements range  from 4.3 %4 i Comrasnw © Lo BY%.4 X 1in
Comsany D, Whern comrlete informastion iz svasilabley  Lhe
imerrovements sre more noticeabhler snd rendge Prom 1A for
Comeamw O o 29% for Comrang . It is aslso dimrortsct to
ohserve bhat for bthis latter level of knowledse & signifiocsnt

-

reductiorn i the veriashilite of the Hoarizom Value is reslised

i the irmvestment situstion rerresernted e Comssrg A,

Redgarding the rerformance of the different caritsl

ratiorning  coriteris Wwhen abhandornment is taken ioto sccoounty it

may  he  concluded  thet the Prodect Baslscce Sreiterion i6

comsisterntly surerior that thalt other criteris,. Howewvers ilts

effectiveness as & declsion rule 15 substantially Lnereasac

wher bhe firm e facindg dvouwing investment orrgrtumitios. T

onls one  of  the situstiomns asrslwzed Lhe FProdect Balashos

Criteviomn does rmot clesrlsw outrerform  bhe obther oriteris.

That is Comesty By where the variaghilite of  Lthe forecssted

variabhles is a functiorn of the forecssting horizon.

Finalluy the Tact bthat the PFrodeet Balarce Ceiterion
talkes into accouwsnt the resolutiorn of the rrorossls urecertainty

makes it less semsibive bthan obther criteria to ohang irn hhe

=arameter that controls  bthe size of the sbhandonment values.
As orrosed Lo the FrodJdect Bzlarnce Criteriomny the Mesn Uasriance

Criterion arnic the Errected Feresernt  Worthh Mascimizstion
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Criteriom become very semsitive to changes i that  earameler

wharn Lt sssumes values larder bthan &0%.

7+3 Recommendations for Further Research.

This research 1s considered to be am initial shase in
e stude  of abardonment as o zn intedgral  eert of ceasitsl
brudseting Frocesses. A secordd  rnase  should consider  Lhe
arnalusis  of the rossibility of making the Fimasl abandonmernt
d@cisiqn once the rrodects are dncierwayd. This exbernsion would
cdemared 8 thoroush investidetion of actusl dirnvestmewt Firms in

order to gain some insisht ahout the Factors thalt cormtrol the

—

disrosal of  drnvestment sroJdects. Such informabion will be
vseful to similate the decision making erocess O 8 more

reslistic bhasig.

The nature of the srorosals generabted bw Lhe simulstion
model  described im Charter Vr did mot enastbrle this resesrch to
comFare the Subostimal Absndorment Rule derived in Chaster TIT
witn the abandonment rales currentls  availsble 1in the
literature. In order teo make this comrsrisons am effort
shauald  be mesde bo develor @ methodolostws for the simulstiorn of
#rorosals which have series of cash flows comsosed of

combinations of drncressing  and decreasing gradient seriss,
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Surh srorosals are likelw to rresent arm ELCFWI function with
seEveral loecal ortima (see Section 3.3)r 3 condition recuired
in order to test the effectiverness of the sbhove menltioned

riile.
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AFFENDTIX Ik,

UNTQUENESS OF THE OFTIMUM ARANOONMENT FERION.

This arrendlx shows that when the sattern of Lthe series
of cash Tlows and abandonment values Tollow & linear functiony
Lhere s 2 undiaue ortimam abandorment  reriod  which iz the
glotbal ostimim.
l.ext »

ECCFOLYT = A + ot o= dedeeaihs

»

be Lhe eaustion Bhast generstes the series of avraclted  cash

Tlowsy where A& andd b are constants. Alscs lets

ELaiLrl = Co - o t E A R N
rre Lhe eaustion that dgernerates Lhe series of  exwreocted
anandonment valussi where
¢ = Llo — ELCCFOLY ¥/
it s
ELCFCLYTE = A + b L
therelores
Elavity] = Co -~ (Co-A-hl/L) L
I & wrorossl dis abarndoned 0 seriod Ty the exeected sresent
worth maw bhe comeuted as followsy
T

ECFWCTYD = - Qo + = ELCF (R ICL4i)
10z

e . - 'r
L+ ELAVCTIT 44y =

...-l-’ T
mo- Doob =2 (Adbhy (L4 4+ (Co-oeTrol+in T

L=
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Iim  order to fingd that T which mascimizes ECFWCTITY the
First derivative with reserect to T is comruted and eausated Lo

SRTOy

d ELFWCEY ] oo T - . T T
L= o W g I [ A + (ATRTI(-TY (1 +60 ) - L+

T

0

it

~TCo-eT) (L+i)

Simerlifuingy
(o) =

-y

~(h-cyrTT - (A+CoI T +

whereys o= L/70L+1). The solution for this exsress)
1

R )
{(AtCoir? ﬂ%+60)“r“ + 4(b-c)

T mm e o vt o e v o e

md -y o

Sirnce bthe exerression under Lhe souasve roobt 13 alwsyws drester
than or eadal to (A+Codlry there i1s onle one rossitive valug of
—e 4 » . . . s . e e e e W o .
T (T 0y which satisfies thal equabion. Ared FECFWCT 23 Leo®
maximum if the FTollowing relstionshir is satisfiedy

2=t T™ — (Atlor = 0

Obhserve that nowhere in bhis develosment has the sidn aof b
heaen constrained to be rositive or nedative. Im  Tacty the
results sre valid for decressings inereasing: or yraform

series af cash Tlows.
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