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ABSTRACT

The paper offers a straightforward method for eating R&D portfolios that maximize shareholderslitt. R&D
portfolios are generally associated with high retsrand high risks. As such, an impressive bodyterfiture has
highlighted the risks linked with R&D portfolio altations. Nevertheless, the role of financing siés in portfolio
allocation has been neglected, and this providewitts the incentive to explore this issue furti#es.entrepreneurs can
feel constrained in terms of budgeting and riskedsification when planning an R&D portfolio, in thpaper we
propose a linear model which allows us to evalubgeutility of external financing strategies. Wedliss the impact of
capital budgeting on the choice of R&D portfoliodaimternal shareholders’ benefits and find optinsalutions under
different scenarios of capital markets. Firms getrenflexibility in their choice of R&D portfoliosral increase internal
shareholder benefits with the aid of the modeletittipation process®
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INTRODUCTION

R&D portfolios are associated with the featureseadétively high risk and high returns in compariseith other
types of projects in the firm. Hence, the correlatbetween risk and returns is a crucial issue vithesmes to selecting
a pertinent R&D portfolio. Recent studies on R&Drtfaios tend to highlight the degree of risk likavith the
selection of a certain R&D portfolio. Graves et @000) attempt to ascertain the maximum portfotite of return
under minimum portfolio risk, while others endeatorapply the Gini coefficient method (Ringuestaét 1999) and
risk-mitigating methods (Ringuest and Graves, 2@0%)alculate the portfolio risk.

Problems such as a shortage of funds and undiiestsitsk may befall entrepreneurs in the procesfR&D
portfolio management. These call for capital tadised from outside sources, or for more sharehsiebe brought in
by issuing substantial amounts of new shares. dbeaf capital when seeking additional funds depeamdthe level of
supply and demand in the market, and because filvenation is asymmetrical between the fund supglaerd the firm,
the cost of capital may be relatively high. Theagee part of the previous literature on R&D alldgathas not taken
much account of the impact of different sourceadditional capital on the choice of an R&D portfotind the welfare
of internal stakeholders. Therefore, in this paper,propose a linear model that enables firms twuate the benefits
secured by accessing outside sources of capital.

We first illustrate the relationship between therse of capital and R&D portfolios according to teory of
capital budgeting. Then, the decision to raise ifagqpénd its benefit to R&D portfolio allocation aaecessed, and a
fictitious R&D case is conducted together with aasgévity analysis applied to the utility model #xamine the
condition of market capital supply and the bestahof a portfolio of R&D projects.

THEORETICAL BACKGROUND

According to the theory of capital budgeting, wlesmluating their investment projects, firms shawfiect on the
performance of the project, the cost of capital thelrequired level of additional funds in orderetisure an optimal
investment portfolio. The source of additional ¢alpcould be affected by the information asymmetrythe capital
market (Myers, 1977) and the level of capital cardbcided by the financing leverage and paybadkyabf the firms.
The firm’s optimal financing leverage indicates #@ount and cost of addition capital that it cotdise from the
market. The initiative of capital budgeting is gttated in Figure I; the investment opportunityestile (I0S) is ranked
according the internal rate of return (IRR) and #imount of available external capital. The margic@dt of capital
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(MCC) schedule indicates the marginal cost of eachilable source of capital; this is generated Hxy difference
between the flotation cost and the expected rateetofn. The MCC line is used in estimating theemtpd net cash
flows when conducting R&D projects. Hence the oplfigpst budgeting is extrapolated by the crosstpaiithe MCC

and 10S lines. The following graph shows that, watitess restricted to internal capital, the optipmtfolio should

consist of only A and B projects. If external capits available, a portfolio with projects A, B ai@ should be
considered. Finally, project D provides an outcolmeer than the cost of capital return; hence, ibudti not be

considered in either scenario.
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Figure I. Optimal Capital Structure

THE TWO FINANCING RESOURCES

We can further divide the sources of financing itgquity” and “debt”; these two alternatives fopial can have
different impacts on firm cash flows.

Equity

The providers of equity capital supply the fundstle form of income from outside shareholders seao
throughout the term of issuance. The proportiontardsalue of new shares are determined by thetiagigg ability of
the inside and outside shareholders. The poweegbtmtion is underpinned by the supply and dendritie capital
and the degree of asymmetry of the informatiorha market. When internal shareholders possessgneatver while
negotiating with external shareholders, internalrsholders retain a relatively low cost of capital.

Due to the asymmetry of the information, externahreholders may receive less information than mater
shareholders, which may lead them to over-estiradtem’s value. As a result, the external sharebdccould in the
end pay a higher cost for capital than for castvglthat could be distributed. Nevertheless, iféhera Lemon market
(Akerlof, 1970), a good firm may also be under-egluThis implies that an appalling firm can be evalued, while a
superior firm can also be under-valued.

Debts

The higher the financial leverage, the higher thk premium required by creditors in order to congae for the
potential default risk. This risk premium can bei@pated according to the relevant credit rankitige firm's
relationship with banks and the market credit psdmium.

In fact, there should be a trade-off effect betwegnity and debt financing. To a firm’s internalastholders,
raising capital from an equity seasonality issuandeices so-called dilution effects in terms of &agnings per share,
and hence reduces the utility of the existing shalders. Conversely, high debt leverage can caasksxo set a higher
compulsory risk premium. Given such a scenariasitlear that many firms face a dilemma when caraig)
additional funding resources.

From the above discussion, it can be seen thaérins of planning capital budgeting, firms havetosider: (a)
the risk level and payoffs linked to any new R&Drtfaio; (b) retained earnings; and (c) demand smplply in relation
to various financing resources. According to theptly of capital budgeting, the selection of an staeent portfolio and
the choice of financing resources should be a cilie decision and should be recognized synchrdgicBhe goal
remains the pursuit of the maximum utility for thrernal shareholders. Figure Il presents a diagoarthe R&D
portfolio decision-making procedure.
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Below we structure a straightforward model to imédg the financing decision with the R&D portfoltiocation.
The analysis can be carried out simply using adstahExcel spreadsheet under the Solver functionaldo present
examples which consider various factors and usatiprogramming to obtain the optimal choice.

Steps 1 and 2 Step 3

N | Max utity
H N gOtiatiOn al .Ityf\\ \‘A:"". .........

H : R Financing
----¥: decision:
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Figure Il. The R&D Portfolio Decision-making Procedure

FIVE-STEP ANALYSIS

The analysis leading to optimal R&D portfolios Wik performed in the following four-step procedure:

1. Estimate conditions in the R&D portfolio, inclag expected rate of returns, degree of risk, amadncapital
required and degree of correlation between eaarstment project in the portfolio.

2. Set the internal conditions of the firm and émwironment of the external capital market. Coodti include degree
of risk aversion of the firm decision-makers, imr capital availability, negotiation ability witkexternal
shareholders, risk premium of leverage risk andkatanterest rates. The negotiation ability is deieed according
to the firm’s internal available capital and ther@and and supply of external capital available srtrarket.

3. Using Excel, we apply a simple linear programaclvimaximizes utility under a given level of reldtiactors. The
Solver offers solutions for an optional amount mfeenal capital and the best R&D portfolio, theredmghieving
maximum utility for the internal shareholders.

4. Applying Sensitivity analysis, we attempt toimstte maximum utility under different pre-set cdratis using the
most feasible scenario as the basis in order tokctie robustness of the model.

SIMULATION OF THE MAXIMUM UTILITY--AN R&D PORTFOLIO WITH FOUR INVESTMENT PROJECTS

To substantiate the evidence for the above modelnew demonstrate an analysis of a newly foundwal fith
four research and investment projects, to simullaée utility of budgeting in relation to various facs within our
theoretical model.

Assuming there is a start-up firm with relativeligln risk, external investors are likely to expresghusiasm to
invest in this firm. Nevertheless, banks hesitatéehd money to this type of firm. In Table 1, wesame: (a) Internal
Capital equals 5 million dollars; (b) the negobatiability of the internal shareholders comparedthte external
shareholders equals 1.1, which means internal sblalers’ cashflow rights are 1.1 times higher thlag@ir devoted
capital; (c) the multiplier of the bankruptcy ripkemium equals 0.5; and (d) assuming the markel fae equals 3%,
the borrowing rate of the firm equals the T-bilterglus the multiplier of bankruptcy risk premiuf@.§ from (c))
multiplied by the debt ratio.

Table 1. An R&D Portfolio Consists of a Maximum of Four Investment Projects
A. Conditions for each project

iocf\V9- annual STDV. of the Required budget Correlation
Investment Projec . - - - -
return  annual return  (in $10,000)  Project A Project B Project C Project D
Project A 0.07 0.9 200 1 0.7 0.8 0.6
Project B 0.13 0.9 300 0.7 1 0.1 0.3
Project C 0.08 0.1 150 0.8 0.1 1 0.2
Project D 0.20 0.7 280 0.6 0.3 0.2 1
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B. State of the environment

External  Multiplier of
shareholder bankruptcy
dilution risk premium

Benchmark 500 0 1.1 1.00 0.5 3 6

Interest  Borrowing
rate (%) rate (%)

Internal capital Degree of risk Negotiation

Parameter (in $10,000s) aversion ability

RESULTS OF THE SIMULATION

Part 1. Impacts of the financing strategy on R&D potfolio allocation

Disregarding consideration of the external cagiEajuity), firm management is assumed to be riskragélhence,
selecting an R&D portfolio is subject to the exgecteturn and amount of internal capital. Therefdisble 2 shows
that, with 5 million of internal capital and lackirany external capital, the optimal utility is 5@fits, and the total
investment amount equals 4.8 million — Projectsd B are feasible choices.

Table 2. Simulation Results of Financing Decisionral Fund Allocation

Scenarios No external Capidénchmark
Internal Capital (in $10,000) 500 500
External Debt (in $10,000) 0 30
External Capital (in $10,000) 0 50
Utility 570 643.28
Expected Revenue (in $10,000) 570 675
Total investment amount (in $10,000) 480 580
Expected total risk 113152 143068
Degree of risk aversion 0 0
Negotiation ability - 1.1
External shareholder dilution - 1
Multiplier of bankruptcy risk premium - 0.5
Basis interest rate (%) - 3
Borrowing rate (%) - 5.73
Project portfolio AD BD

With access to external capital, the amount oftehjs increased; hence, a portfolio consistin@adjects B and D
surpasses the portfolio of Projects A and D, areldgi 675 as the total utility. Furthermore, theattcmount of
investment, internal shareholders’ utility and mewe to all shareholders for a portfolio consistiigProjects B and D
exceeds that of the portfolio of Projects A andfye neglect to consider the financing decision.

The simulation also shows that, regarding the ebguereturn of the Project, D>B>C>A; also, Projebtand B
require a supplementary budget. To summarize, witlexternal funding, Project A would be the bededion;
otherwise, Projects D and B are preferable, dubkdi higher utility.

Part 2. Impact of altering the scenario

Our model can serve the function of estimating etdgility in a sensitivity analysis. By applyinget most likely
scenario as the benchmark, the framework can hibeiuextended to calculate the optimum R & D pdidfevhen
different variables are in play. We estimate tHiofeing scenarios:

a. Adjustment of the negotiation ability with extemal shareholders

If the parameter of negotiation ability with extarishareholders increases from 1.1 to 1.5 (Tabseé&pario 1(a)),
implying an improved access to external fundingyjéut A can be selected as it increases the exgpeadtlty by
33.30%.
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Table 3. Simulation Results of Altering the Paramedrs
Scenario 1(a) Scenariol (b) Scenario 2 Scenario 2 Scenario 3Scenario 3

Adjustment of Adjustment of €) (b) @) (b)
Scenario Benchmarkthe negotiationthe negotiation Adjustment Adjustment Change it Change in
ability with the ability with the  of the of the the degreethe degree
external external bankruptcy bankruptcy  of risk of risk
shareholders shareholders risk premiumrisk premium aversion aversion
Internal Capital (in
$10,000) 500 500 500 500 500 500 500
External Debt (in
$10,000) 30 30 68.44 180 380 0 0
External Capital (in
$10,000) 50 250 11.56 50 50 230 50
Utility 643.28 857.5 293.19 645.71 656.97 521.16 2.10
AUtility (%) - 33.3 -54.42 0.38 2.13 -18.98 -72.19
Expected Revenue
(in $10,000) 675 889 675 837 1051 837 378
Total investment
amount (in $10,000) 580 780 580 730 930 730 430
Expected total risk 143068 285844 143068 145279 292375 145279 39817
Degree of risk 0 0 0 0 0 0001  0.005
aversion
Negotiation ability 1.1 15 0.5 1.1 1.1 1.1 1.1
Externa}l sharehold< 1 1 0.49 1 1 0.75 1
dilution
Multiplier of
bankruptcy risk 0.5 0.5 0.5 0.1 0.01 0.5 0.5
premium
Basis interest rate
(%) 3 3 3 3 3 3 3
Borrowing rate (%) 5.73 5 9.69 6.27 3.69 3 3
Project portfolio BD ABD BD BCD ABCD BCD CD

Nevertheless, if the negotiation ability with thetegnal shareholders declines from 1.1 to 0.5 @d&hlscenario
1(b)), compared with the benchmark groups, therialeshareholder utility drops dramatically by 524 even as the
budget, the total amount of investment and thd tetenue stay unchanged.

b. Adjustment of the multiplier of bankruptcy risk premium

Suppose the multiplier of bankruptcy risk premitsndiawn down from 0.5 to 0.1 (Table 3, scenarig)2{hen the
borrowing rate could decrease as the banks mayreeglower risk premium. With better leverage iypifirms would
choose Project C and induce a 0.38% increase ityutfl the multiplier of bankruptcy risk premiunalfs further to
0.01, eligible firms will borrow more funds and &st in all four projects; in this case the totdlitytwould increase by
2.13%.

c. Change of the degree of risk aversion

We initially assume that the management of a fgmisk neutral, but it might be risk averse. Inqgice, different
management and firm attributes may exhibit differegrees of risk aversion. The degree of risks@waris subject to
the risk of individual projects and the correlatlmgtween the projects. If the degree of risk avergicreases by 0.001,
firms prefer to use external capital (Equity) rattien incurring debt, in order to diversify thask. Hence Projects B,
C and D could be selected in an R&D portfolio. Awrease of 0.005 in the degree of risk aversion atslorses the
above findings and the amount of external fundiray ralso decrease as the firm becomes more resahisdnakes
project A preferable to project B.
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RESULTS OF SENSITIVITY ANALYSIS

We conjecture that improving the “Negotiation ailwith external shareholders” and “Multiplier o&fikruptcy
risk premium” allows firms to increase their ugilithrough external capital (Equity) and debt finage and thereby
achieve enhanced utility. We now employ a sensjti@nalysis to delineate various degrees of “Negjotn ability with
external shareholders” and “Multiplier of bankrupttsk premium” in relation to firms’ utility.

Figure Il illustrates the relationship between tiegotiation ability with external shareholdersficathe total
internal shareholder utility. It is a positive larerelationship, representing that a 1% increaseegotiation ability can
raise total utility by 0.99%. Managers can assesaiarginal benefit associated with enhancing thyotiating ability
in order to set their own target utility.

Figure IV demonstrates the “Multiplier of bankruptisk premium” in relation to firms’ utility. It Isows that the
relationship follows a convex line near the startpoint, and that the total utility decreases as rikk premium
increases. The results show that when the multigi€.1, it has a 0.007 elasticity; when the nplikr is 0.2, it has a
0.003 elasticity; and when the multiplier is 0.8has a 0.001 elasticity. We can see from the gthphthe marginal
utility rises significantly when the bankruptcykigremium multiplier drops below 0.2.
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Figure Ill. “Negotiation ability with external shar eholders” in relation to firms’ utility

658
656
654 |
652 |
650 |
648 \
646

644 \

42 T L

640

utility

0 0.2 0.4 0.6 0.8 1 1.2 1.4
Multiplier of bankruptcy risk premium

Figure IV. “Multiplier of bankruptcy risk premium” in relation to firms’ utility
CONCLUSIONS

The paper postulates a model based on the capitielting theory in relation to a firm’s financingaision, to
help analyze its optimum capital allocation for Rbjects. It takes a step towards alleviatingdifigculty of project
budgeting for firm management. We construct a mealshow that firms’ financing resources are susbkpto several
parameters and their levels. By altering the mageitof various parameters under different scenadosensitivity
analysis can be conducted to estimate the cowaelatefficient of each parameter with regards # dbndition of a
firm's financing resources. This model is relativelasy to apply and also takes both equity and fiedicing into
account, unlike previous efforts on this topic. tRar, there are no constraints regarding the degfreisk aversion for
management.

Throughout the scenario, the analysis takes thelitton of financing resources into consideratiom;this way,
firms are able to extrapolate the budget with tighdsst utility and thereby choose the most suitgdadefolio. We
propose applying the most likely condition as tlemdhmark for the sensitivity analysis, to find thgact of varied
parameters on the utility to the firm.

The Journal of International Management Studiesyivia 3, Number 2, August, 2008 131



REFERENCES

Akerlof, G. (1970). “The Market for Lemons: Qualincertainty and the Market Mechanisr@uarterly Journal of Economic$89), pp. 488-500.

Graves, S. B., J. L. Ringuest and R. H. Case. (ROGB@rmulating Optimal R&D Portfolios."Research Technology Manageméay.-Jun.,
pp.47-51.

Myers, S. C. (1977). “Determinants of CorporaterBaing,” Journal of Financial Economicg5), pp.147-175.

Ringuest, J. L., S. B. Graves and R. H. Case. (19%®rmulating R&D Portfolios that Properly Accaufor Risk.” Research Technology
ManagemenNov.-Dec., pp.40-43.

Ringuest, J. L. and S. B. Graves. (2005). “ForningpOptimal R&D Portfolios."Research Technology Managemiotv.-Dec., pp.42-47.

Appendix: Methodology

This paper aims to shed light on some of the factovolved in a firm’'s financing decisions. The peoof
empirical analysis first includes conducting aigtimodel with expected returns, degree of riskragress, amount and
cost of debt financing and ratio of cash distribatfrom internal shareholders, to estimate thétyitif a target budget
for individual investment projects.
Utility Function

m

l\d/laxE{ibuql(lHi) Ay y bug* g, *bud ~F (L+ fi)}*e
bug,F,0l = " (1)

il j=1

bud: Utility of target budget for project i, i=1~m
ri: Rate of return of project i
A: Degree of risk averseness of the firm
o Covariance matrix between each project.
F: Amount of debt financing
fi: Cost of debt financing
e Ratio of cash distribution from internal sharetess

The total rate of return is the sum of the indig@tproject; the degree of risk averseness andataé amount of
debt financing as deductions from the utility. Tdebt financing cost can be determined by both thekeat rate and the
borrowing rate, and can be expressed as the fallp@gquation. The higher the leverage ratio of ihm, fthe higher the
risk premium can be; hence the more costly thedwong rate asked by the creditor.

. . F
fi=bi+ —*b
IE + OE .. (2)

fi: Borrowing rate
bi: Market rate
F: Amount of debt financing
IE: Internal capital
OE: External capital (Equity)
b: Multiplier of bankruptcy risk premium

The ratio of cash distribution from internal shanielers is determined by the relative proportiorsieéres and the
ability to negotiate with external shareholdersjohttcan be expressed as follows:

. IE - e

OE + IE ..(3)
c: Negotiation ability with external shareholders
IE: Internal capital
OE: External capital (Equity)
e The ratio of cash distribution from internal stfaolders

The negotiation ability with external shareholdisrsletermined by the demand and supply of the aligilcapital
in the market and the degree of asymmetric infolomatWhen there is a great deal of market capitialebshortage of
good investment projects, internal shareholderseappgo have better bargaining power; thus the rafiocash
distribution from internal shareholders is higheari the internal capital and hence, c is greater 1h

Above and beyond, the total eligible budget foreistyent is limited by the amount of debt financamgl internal
and external capital (Equity). A Limited Equaticancbe written as follows:

m
st. Y bud, <F +IE + OE

.(4)

bud: Utility of target budget for project i, i=1~m
F: Amount of debt financing

IE: Internal capital

OE: External capital (Equity)
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