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INVESTMENT DECISION MAKING

ABSTRACT

Investment evaluation is the control of the plagnand implementation of investment activities with
regard to the objectives to be achieved. In thipgrd assume the objective to be efficient outcant:
profit maximization. This means that investmentuatin puts normative assessments into the confext
planning and management and hence into the confdrtentional action and cycles of action. Herd no
only the assessment of facts and scenarios is tenuobut also the, more or less implicit, causadicis
which connect activities with investment resultgl dmally with goal achievement. The model for
investment evaluation | propose has two money holtbo must decide how to invest their money in two
investment funds (financial intermediaries) thatttirn, will use the money to bid to acquire owhgrsn

two projects. The general case when the numberokgnholders, the number of funds, and the number
of investments are arbitrary may be handled innailsir manner to the development below, but at & cos
of greater complexity. As a result no mechanisnathieve the maximum outcome is present and
different methods to find optimal structure undecertainty and different cost structures are disaas

JEL: C30, C53, C70
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1. Introduction

The model for investment evaluation | propose kasrmoney holders who must decide how to
invest their money in two investment funds thatfum, will use the money to bid to acquire
ownership in two projects. Importantly, the prdfilély of each project depends on the specific
joint ownership structure that results from the mywhich each MIEreceives, as the funds are
assumed to have different management capabilities.
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| start by assuming thatl > 0 money points are owned by the population whichsista of two
individuals, I, and I ,. Money holderl, ,| =1, 2, had/; > 0 money points wheré; + V, = N.
The number of money points held by each individual differ to allow the possibility of pre-
auction trading. Each must decide independently on the number of mormeyte to invest in
each of two money fund§; j = 1, 2 . The number of money points thatchooses to allocate to
F, is denoted by x, E[O,Vj with the remaining/; — x money points being allocatedRa

Similarly, | denote by, y D[O,Vz], the money points investment lafin F, , with V, - y being
invested inF, . As a consequence of investing its money pointgi; mannel; acquires the

. X , V, - X . .
proportion —— of the profit ofF;, and L of the profit ofF,. Correspondingly,
X+y (Vl—X)+(V2—y)
. .y , V, -y ,
I, acquires the proportior—— of the profit ofF; and of the profit ofF; .
X+y v, -x)+ (v, -y)

The general case when the number of money holterspumber of funds, and the number of
investments are arbitrary may be handled in a amnlanner to the development below, but at a
cost of greater complexity.

At the outset, neithefj has any money. In order to attract money fromltheachF; reveals
information useful to thé. | assume that this information relates to the stsicture of thd-;.
Specifically, | assume that eaéh announces that its costs will be a fixed proportud the
revenues it will earn by investing the money poititat it will acquire. This assumption is
equivalent to the assumption that the profit ofhis equal too; R(x +y) where g, is constant,

o, D[O;L],j =1, 2, andR: O, - O, is the revenue received Iy as a result of the bidding
game in which, using money points acquired fromlthE; andF,, compete to acquire share in
the projects offered for financing. The, can be thought of as the proportion of revenuettia

F; promise to distribute to the share hold&gx + y) depends o®+ y since this is the number of

money points available t&; for investment in projects. SimilarlyR,(x + y) has the same
dependence since the total number of money pdintss fixed.

Thusly, receivesm: 02 - 0O, where

m (x, Y):XTXyUlRl(X"' y)+ v _)\(/)l_:(\); =)

o,R,(x+y)

Thusl,, receivesn,: 02 - 0O, where

__ Y Va-y
m, (x, Y)—XTyalRl(XJf y)+ N, —x)+(V, -

y)asz(X"' y)

I; choosesx to maximizem, and |, choosesy to maximizemy,. | refer to the problem of
simultaneously maximizingy andm, as the money investment problem (MIP). In whéb¥es,
| takex andy to be continuous over their respective ranges.



The R(x + y) are determined by the following process. WiNh = x + y andN,= N — N
respectivelyF; and F, play a non-cooperative game in which they sultii$ to acquire shares
in companyi, i = 1, 2. EaclF; submits a money point bid &f in companyi wherea; = 0 and

Zaﬂ =N, As a consequence of the bidding, ekgheceives the proportiom, = iof T,

i Za'ij
J
the profit of projeci. | assume that ther : 02 - O,,i = 1, 2, depend op; , j =1,2, that is, |
assume that thi; have different skills in managing and restructgrihe projects in which they
have acquired share, and that the impact of thkéis ®n the profit of a given project depends on
the proportion of ownership that they achieve m phoject as a result of the bidding game.

Furthermore, | assume, for tractability, that threfip functions ni(pil’ piz)can be reasonably
approximated by a first-order Taylor expansiorioliows, sincep, + p,, =1fori =1, 2, that:

9 (01) _ 07&(01)}

]Tl(pll p12) = ”1(0’1) + p11|: ap,, ap,,

0,(10) o7, (10)}
ap22 ale

ﬂz(pzv pzz) =7 (1'0)"' pzz[
In the remainder of the paper | use the notation= 7z,(03); k,, = 77,(10);
= 6”1(01)—6”1(01) A= 6”2(1“0)—6”2(10) ; andr, -4 for j#i.

oy 0Py, ©o0p,  Opy Ky
In summary, | assume that the profit function cawhitten as;

Al

T = kij + P4 = kij (1+ Pi ri) fori#j,ij=1,2

The parametek;, represents the profit that project 1 would maki were totally purchased by
F,. The parametd;; has a similar interpretation. The paramekgrrepresents the difference in
the differential advantage (disadvantage) tRathas overF,, in managing project 1. The
parameterA, has a similar interpretation. Thug, is modeled as the sum of the value that
would occur if F, were to manage project 1 exclusively plus the owpment,
(deterioration) when ownership is shared with The profit 7z, has a similar interpretation.
Notice that ifF1, andF,, have the same differential impact an, the value of the profit function
would be the same regardless of how ownership sleseed.

| note that since thp; depend orx + y , the 7z depend orx + y also. For subsequent use, |
define 7z (z) =k; +zA,. Thus, after having submitted their biésreceives the revenue.



Py, 7% (Pu) + Py 72, (Pas)

The revenue accruing té-; at the Nash equilibrium of the bidding game is tvhecall
R, (Nl)and thus the profit available for distribution tbetl, by F, is o;R/(N,)
whereN, =x+Yy.

| assume that both, share the same information set concerning thegiand skill levels, as
well as the reasoning and characteristics ofRhe Since theR, (N,), the results of the bidding

game between th&; , are required by th¢, to solve their problem, | investigate this bidding
game first.

2. The money fund problem

| now formalize the non-cooperative bidding gamayptl by theF; . Given N, and N,, and
given the bids oF,, j'# j, F; must choose its bids to maximize its profit. Sinieg earlier
assumption, its profit is a fixed multiple of iesvenue,F,; 's bids must satisfy

max}" p, 7z,(p,)

a4

subject toa; = Oand Z a; =N; and wherep; = | refer to these programs as the

Z%

money fund problem (VFP).

The Lagrangian foiF,
= Pu/7, (p11)+ P2.7T. (pzz) A (an ta, — Nl)

with first-order conditions:

£ -0= (1_ pll) (1_ pll) (1 p11)

aa“ a, m+py a, Al - 1 a, (771 * Py 1) /1 (1)
S0Py p P = Pegroppay-a @
ayy a,, a,. a,,
oL
a_/ﬁzozan"'azl_Nl (3)

where



a, :Z,-"%'

Similarly, the Lagrangian foF, is:

L, = p12771(p11)+ pzzﬂz(pzz)_/iz(alz tay, — Nz)

with first-order conditions:

Oy o= lPa) pl%al a, :%(nl B pA) A, (@)

o0a,, a.

oL, . _@d-py) ) _ @-py)

K; =0= a, = 7T, = Py, a, = Az _/]2 - az.zz (”2 + PzzAz) _/]2 %)

oL

i=0=a12+a22—N2 (6)

Before presenting the solution to the VFP, | previtle following lemma. Recall that :%
i

and 7z (z) =k; + 24, .

Lemma 1
Let k; >0 for i # j and letr, D(— 11]. For anyaD[O;L], there exists a unique set of values

z”,27,0°0[04] that simultaneously satisfy.

() 1- z, _oltnz

1+2rz

+
(i) 1-2, =(1-©) "%
1+2r,z,

(i) z7(z)+ (- 2,)7m,(2,) = alm(z) + 7,(2,)]

Theorem 1

Whenk; >0 for i # j, and whenr, 0(- 1,1], there exists a Nash equilibrium of the VFP and it
unique. In particular, letz’, z;, and ®” be the solutions to the equations of l.emma 1

. N " . . .
corresponding toa:Wl. Then, under the stated conditions, the uniquetswi to equations

(2)-(6), i.e., the Nash equilibrium of the VFP for=1,2and j #i is:
& =K7z7(z), a'ijD =K*(1-z)7(z), A, =KO", 4, =K(1-0"),



(2) + 11,(2;)

N
It is useful to highlight a result establishedhe proof of Theorem &ignifying the proportion of
each project owned by each fund. | do this in tegtrcorollary. In what follows, an asterisk
above any function denotes that function evaluatdhe solution to the VFP presented in
Theorem 1

whereK =

Corollary 1

The solution to th&FPyields p;’ = z".

T : : .
Interpreting— as the resulting value per money in projecTheorem 1 establishes that these
&

values are the same for both projects at the Ngshilmium of the bidding game. Furthermore,
+
this common value is equal to the economy- wideieadf a money given by%. This

common value of a money is also equal to the sutineotwo shadow prices that is denoteckby
in Theorem 1. An additional money to the systeireldyng approximately the value K, would be

divided betweenF, and F, in the amountsi, and A,. Thus, F,, would receive®" percent of
this additional amount, and, the remainderl-©" where @" incorporates, among other
things, the relative skill levels df, and F, .

T
At the Nash equilibrium, a total oK ™77 = N = JnD money points are invested in projgc
1 + 2

=1, 2, with F; contributing sz percent of these money points. | can interpret thiial either as

the part of the outstanding number of money paactguired by companybeing proportional to

nf, or as the profit of projegt denominated in units of economy-wide value per rgone

Although the money investment in projectlepends onan], this profit cannot be known in

advance since it depends on the composition of mhigresulting from the bidding game itself.
0 0 0
a1_'D = p_"D = 1_2‘2.5 , | #idepends on all the parameters of the problem imajud
j ij i
the skill levels of theF, . | next establish the revenue that receives as a consequence of the

solution to the VFP. Lef1"” = 77, + 17;.

Finally, the ratio

Corollary 2

N.
At the Nash equilibrium of théFP,the revenue td=; is equal toW'I'I 5.



N.
The solution to the VFP yields eaéh the proportionWJ of the sum of the profits produced by
N.
projects 1 and 2 at the Nash solution. This esthb$ thaiR, (N,) = W‘I‘I " and that profit equals

N.
o, W‘I‘ID. It also follows that at the Nash equilibrium, tfevenue per money for each of the

F, isidentical. | can now return to the problem facthel, , the original money holders.

3. The money investment problem

For the money investment problem (MIP) in whithwishes to maximizen, , |, must know
R(x+y)and R,(x+y). From Corollary 2 and the remarks following it, we

N
deriveR, = p, 71, + p,; 71, = WJ M"where N” = ;' + 77,. Having assumed that eadh has the

same information concerning the bidding game playgdF,and F, conditional on the funds
having N, = x+ ymoney points, and\N, = N - N, money points, respectively, it follows that
eachl, also knows the Nash equilibrium of the VFP as @mé=d in Theorem 1. Consequently,
the respective objective functions of thecan be restated as:

X N 0o+ V, =X N

1 _ZHD
x+y N -9+, -y) 2N

my(x,y)=

and
_ Yy Nl O Vz_y Nz O
=2 g,—in —21
) N T ) N

Since N, =x+yand N, =N —-N,, the last expressions can be reduced to:

X V, — X
nﬁ(xd’):{alﬁ"'az 1N }l_l

and

m,(X,y) = |:0-ll +0, VZ,\T y}n

N
Thus, in the money investment problem (MIP), ingest seeksx” where
x” = argmaxm, (x, y) subject toy [0,V ]

xov]
and investorl ,, seeksy"where
y" = argmaxm, (x, y) subject tox 1[0,V ]

yclov,



I next define an efficient allocationf anoney points. LeNf=argmaleD[o’N]I‘ID(Nl).

Note thatN, is an apportionment of money points to the VPR dthieves the maximum total
profit.

Definition 1

An allocation of money poin{, y), xJ [O,Vl], yU [O,Vz], is an efficient allocation &+ y = N,".
The case whew, =0, =0

| continue by investigating the case in which the pay out the same proportion of their

: o V,
revenues to thd, ; that is the case whea, =0, =0¢. In this situation,m, = aﬁll‘lu(x+ y).

Since increasingT1”(x+y Benefits bothl, it is in their joint interest to achieve the lasge
possiblel"” by their respective money investments. It folldiwat it is in the interest of the to

choose their money investments and y”, respectively, such that” +y” = N, i.e., to choose
their investments to be efficient. It also followsat there exists an infinity of equilibria to the
MIP of the form (x, y“) where x” = N” - y" for x“0[0,V,] and for y?0[0,V,]. | summarize
the previous remarks in the following theorem.

Theorem 2

When o, =0, =0 there exists an infinity of equilibria to the MIPrtsisting of the set of
efficient allocations.

But despite the fact that thie find it in their interest to hava" + y” = N, the non-cooperative

nature of the Nash game offers no mechanism tcectgstargetN,” to be met. Since the target
represents the division of the total number of nyopeints in the system between tife that

maximizes economy-wide profit, there is conseqyentd mechanism to achieve this efficient
outcome. Thus, the failure to achieve efficiencythie result of the absence of coordination
between the money holders.

Notice that this coordination failure is presené®vn the case in which the money point holders
have identical and full information, and have aairtigoal the wish to allocate their money points
in @ manner consistent with the maximization of resuy-wide profit. | now show that the
introduction of uncertainty exacerbates the sitrasince it creates a situation in which the goal
of the money holders is no longer one of maxingziotal economy-wide profit; in fact, | show
that the goal differs for the different money pdiotders.

When uncertainty is present, | must consider thestors' attitudes toward risk. To this end, | let
u 0, - 0O, with u (m)=1-exply,m),y, > Obe the utility function ofl,. | assume that all

information is known to the money point holdersbadore, with one exceptiomd, is known

imperfectly. 1 assume that both money point holdpesceive Zl as a random variable,
distributed normally with meam\, (as before) and variance®. | denote this density as
AD,,0?). It follows that 17 is random since” =k, +k,, + p,,A, + p,,A,.The expectation



of any function onl with respect tog is denoted byE, . Thus E(pI:I "=nN"with N" as before.
Let N,'(¢) = max, E,M"=max, M"(N,). | define Assumption
A to be made up of the following statements:
I, has utility functionu, (m) =1-expty,m),y, >0;
[, is a von Neumann-Morgenstern expected utility ealth maximizer;
g,=0,=0,
A, is distributed agx(A,, 0?) ;
All other information is known with certainty;
Both I, have the same information; and
The fundsF, are risk-neutral.

In what follows, I letN,, be the target of, and N,,be the target of ,.

Theorem 3
In the presence of uncertainty about the differendbe differential impact of the funds' skills on

the profit of company 1, and iF, is expected, but uncertain, to be more skilleghtFk, in
managing company 1, then risk-averse money holddogate fewer money points té,
compared to the certainty case, and more moneysptirr, resulting in an inefficient allocation
of money points among the funds. In particular, I|&ssumption A hold. Let
¥V, #yN,,A, >0and N (¢)0(@ON). Then there exists a constant ¢ such that for

o?0(0,c),N,, # N,,,N;; <N, (¢) and N, < N, (¢).

| see from Theorem 3 that the immediate impacherimtroduction of uncertainty regarding the
relative skills of the funds on the profit of conmyal causes a shifting of money points away

from F,. As a consequence, even N (¢) were close toN, F, would receive more money
points as the uncertainty increases. Earlier | ghibthat whero, = g, and when all information
was known with certainty, each strove to achieve the targét,’, which, if achieved, would

maximize the money holders' respective wealthsvg@é as implement the efficient outcome.
That is, the money holders were aiming at thetrighget; a coordination failure, however,
prevented them from achieving it. This suggested lad a coordination mechanism existed, the
efficient allocation would have been implementedw\with the introduction of uncertainty into

the model, | see that the target at which theaim is not the optimal valudl;(¢) and thel,
may have different targets, both unequal MJ(¢ . Qoordination would not resolve this

inefficiency. Though I introduced uncertainty omfyregard toA,, any broader introduction of

uncertainty would have further exacerbated the Iprablt is not surprising that the introduction
of uncertainty results in a sub-optimal solutiorawéver, | next show that even with certainty
and with complete information, when the payoutshef funds to thd, differ, inefficiency also

results.



The case whew, # 0,

I have assumed so far that the have identical cost structures. Generally, howesiece theF,

are not identical, they could have different costdures, leading them to select different
percentages of their revenues to pay out, thatis; o,. When g, # g,, it is no longer true that
the |, will both benefit by seeking to maximizB" since the share ofl” that I, receives
depends, in this case, on the investmetiteand y*. Importantly, for the cases, # g,, the
optimal choices ok* and y* by |,, and |,, respectively, need not always produce a division o

the money points consistent with the maximizatibeanomy-wide profit. | show these results
to be true in Theorem 4, where | present the swiutd the MIP wheng, # g,. To make this

point as starkly as possible, | Mt=V,.

Theorem 4

Even with certainty and even if the money holdg¢ast with the same number of money points,
when the payouts of the funds differ, the uniqughNequilibrium of the MIP leads to a common
inefficient target. In particular, let o, #0,, V, =V, =Vand let

O
G =Ny + SNy T2 AN
2 N og-0, dN

for N, O (O, N).

Then the unique Nash equilibrium of the MIP is:

N,

71

where eitheN; [ (O,N) and satisfiesG(N,) =0or N; =0 or N.

b. If A, # 0 for at least one value of j aid O (O,N), thenN; # N".

XD:yD:

When payouts are different, eadh will invest 71 in F, , yielding a total ofN, money points

to F,. Since N; # N,’, N, will not be the efficient allocation of money ptirto F,, and thus
will not maximize total economy-wide profit. Addmally, whereas a coordination failure
between thel, is responsible for inefficient outcomes whem =o,, even permitting
coordination whero, # g, would not result in an efficient outcome. Thatuden o, # g,, the
goal of the money holders is not the goal of maaimg total economy-wide profit, as it was for
the case whew, =0, .
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Appendix: Proofs of the Model

Proof of Lemma 1

The vaIuezI is determined by equation (i). Multiplying this edion through by the denominator of the
right hand side and collecting terms, it follows hatt z1 must  satisfy
2r,z7 - 21[(2—6))r1 —1] —(1—6)) =0Ofor a given ©. This convex polynomial (or concave polynomial
depending on the sign af equals— (1— G)) when z, =0 and G)(1+ rl) when z,=1. Sincer, [J (— 1,1],

| have thatz, D[O;L] and is unique in this interval for ar@D[O,l]. The unique value of, D[O,l] is

established by a similar argument applied to equatii). | next show that equation (iii) is satesdi for
e Ofoj).

Since thez, depend on®@, | define B(®) =z,77,(z)) + - z,)71,(z,) —O'[ITl(Zl) +772(22)]. To prove
the uniqueness 0® | show thatB(0) =0, B(1) <0 with at least one of the inequalities strict, and

% <0 for ®©0(01). When © =0, equations (i) and (ii) yieldz, =(1-z,) =0 and thus

B@ = —a'[ITl 0 + m, (1)]. Therefore,B(1) < 0and B(l) =0 only if a =0. It then also follows that at
least one of the inequalities involvir§(0) and B(1) must be strict.

Differentiating with respect t®@, | have:

dB©) _d d

% = %[klz +2zA, _aAl] _ﬁ[klz +27,7, - (1_0')A2] .

When A, 20k, +2ZA, —ah, 2k, -A;) =k, (d-r)>0by assumption. When
A, <Ok, +2zA, —al, 2k, +2zA, =k,,(d+2zr,). Rearranging terms in equation (i) | see that

1+2zr, >0 for @D(O,l). Therefore, the coeffiecient of—j—g is positive for all A, when

@0 (0)). Similarily, the coeffiecent Of_% is positive for®@ D(O,l). To determine the signs of these

derivatives, | solve for zexplicitty in terms of ©and differentiate.  Thus,
1

1
a {(2— O)r, -1+ [Dl(G))]z}where D,(©) = [(2—@)r1 —1]2 +8r, (1-0©). Differentiating and
1

collecting terms | have;% = —%{1+ [(2— o), +3][D1(G))]% } Therefore,g—g <0 for ©0 [0,1] and

r, 0(1,-1] Also, 22:4—1{(1+6)r2—1+[D2(O)];} where D,(®) =[@+0O)r, -1 +8r,0. It

2



1
follows thatg—@ = %{1+ [a+o)r, +3|D, (@)]_z} and thusz—g >0 for ©0[04] andr, O(- 11 1
can now conclude thactj% <0 for ©0 (01 andr, O(- 1,1]

Proof of Theorem 1

The first order conditions of equation (1)-(6) denreplaced by the following equivalent six equagio

/11 +/12 - n-l(pll)
a,

A +A, = 7T,(P2,)

a,.

/11 +A2 = ]Tl(pll)+ﬂ2(p22)

N
Aa,.
(1—p1):1—
Yoy e,
Aa,
@- p22)= 22

TT,(P,,) + PR,

N1 =a, P, ta, (1_ pzz)

The relationship between the two sets of equaiimestablished as follows. Equations (4) and (8)jast
equations (1) and (5). Equation (1) results fromsing equations (1) and (4). Equation (2) resutisnf
summing equations (2) and (5). Equation (6) is #qnaewritten using the definition tha, = a,, p; and
that p,;, = - p,,) . Finally, equation (3) results from summing ecqoasi (3) and (6) and imposing the
requirement thalN, + N, = N.

Solving for a, in equations (1) and (2) and substituting thedaegin equations (4) through (6), and
replacing A, + A, using equation (3), yields:

o (p,,)
@-py) = :
Y m(p) + pud,

(1_ @)772 ( pzz)

(1= py) =
” 7T,(P2) + PR,




N, =N P/t (Pyy) + A= P) 77, (P2,)
70 (Puy) + 7, (P2z)

A
A+ A,
right-hand-sides of the equations (4) and (5)kpyand call p, =z . With these changes, equations (4)-

where © =

. Since 7, (p;) =k; + p;4;, | can divede the numerators and denominatorbeof t

. .. N . . .
(6) become the equations of Lemma 1 with= Wl It follows from this lemma that there is a unique

solution p; =z ,i=12, and @ all in the unit interval satisfying these equatio®ince the p;

(z) + 11,(2,)

determine therz (p; ), it follows from (3) thatA, + A, = =K. Sincea;, =a. p;, (1)

and (2) yield a; =Kz (z). The values of a;,j#i, follow by subtraction. Finally,
A

A :(/]1"'/]2)/]1_'_/]2

= KO with A, also following by substraction.

This unique solution maximizes the respective Lagians since, whem D(— ],1] the Hessian of each
Lagrangian is strictly negative, i.e., the Lagramgi are strictly concave functions.

Proof of Corollary 2

The revenue td=; t the Nash Equilibrium of the VFP i, 73, + p,;77,. Using Corollary 1 and the fact

that p, + p,, =1, | have that the revenue t, is z 7, + (1-2,)7,. This in turn must equal

N * * . - * . N * -

Wl(ﬂl +717,) by the determination 0® of Theorem 1. Thus the revenue féy is Wll'l . Since the
. * * * * * * * * * * * Nl N2 *

revenue forF, is l-z)m +z,71, =1, + 11, —[21771 +(1- 22)772] =T (1_W) = WI‘I the result

follows.

Proof of Theorem 3

| first establish the following lemma.

Lemma 2.

Let AJ. # O for at leat one value ¢fand letr, U (— 1;I.],i =12. Then,

a. M’ (©")is strictly concave fo®" [ (0]) ; and
do’

b. <0.

1



Proof:

a. In the proof of Lemma 1 | showed tha{%:—?11{1+[(2—G))r1+3][D1(G))];}. and

1
3—2 = ?11{1+ [a+o)r, +3|D, (@)]_z} with D;(©) = 0. Differentiating these equations with

2z 1
respect to@ vyields dd_(; ==2r (L+r, )[Di (O)]’E,i =12

2Mm* 2 3
Since N" =7Z, + 7T, =k, +k,, +A,Z, +A,Z,, | have (:Ij@l‘l =-2) A, @+1,)[D,(©)] 2 . Since
i=1

*2

<0 and the result

. . d’n
A; #0 for somej, A; and r; are of the same sign ar‘r;jD(— 1,1], | have o

follows.
* . . * * * * Nl * * . .
b. From Theorem 1,0 s determined to makez 77, + (1- z,)7, :W(ﬂ1 +11,). Implicit

differentiation with respect ti\, yields:

dz,do _i(ﬂi+ﬂ;)+&(A dz do FA dz,do

do'dN, N N 'do'dN, °dodN,

P dz do . .
(771 + 21A1) 4 + (_772 + (1_ Zz)Az)

do’dN, )

It then follows that:

71 ; -
@l i, . ,. N dz e+ N dz,
|:le} =K l|:(”1 +(Z1 _Wl)Al)}E_(HZ +(Zz +W1_1)A2) d@2 )

As in the proof of Lemma 1, witlr = Wl the expression in brackets is negative, K istp@sand the

result positive.

| now state the proof of Theorem 3.

Sinceog =0, andA, is random,

V. . V, .~ .
m = Jﬁln (x+y)= Jﬁl(klz Ky + P+ pLA,)

where p;,depends orN, = x+y.
Since theFj are risk-neutral,



\V/ . . VvV, .
Eo(M) = Uﬁl(klz +Kyy + Pl + PA,) = Uﬁln (x+y)

and

V(M) = Eqy () = [E, (m)] = [avﬁ pil} a’.

By the property of the moment-generating functibthe normal distribution:

Eo[u (M)] =1-E,[expEym)] =1- exr{— yl(avﬁ')(n (x+y) - ylrf;’—,'V pifaZ)} .

* V *
Maximizing expected utlity ia achieved by maximigif™ (x +y) —ylaﬁ p,20?). The conditions

for an internal solution for thé, are respectively given by the first-order condaiip

dn’'de’dN, _oy,V;p;,0° dp, dO° dN, _ 0

do"dN, dx N do" dN, dx
and
dl'l*dG)*dN1 _ay,V, pila2 de1 do” dN, _ 0
do’ dN,dy N do” dN, dy
Sinceﬂ = % =1 and for® [ [0,1] do <0 by Lemma 2, these conditions become:
ox oy dN,;

dn’ _ aylvlpila-z dpl*l -0
do’ N do’

dn’ _ay,\V, pilaz dp;l -0
do’ N do’

Let ©7 (®) =argmax_. M°(©"). Since N; ()1 (0,N), it follows that @ (@) (01). Thus by
continuity, for o2 sufficiently small, there will be solutions to tleesquations, sa@l,@; 0 (0,1). Since

these equations are identical except for the fagfdy,| = 1,2, and sincey,V, # y,V,, | have ©, # .
Using Lemma 2, it follows thalN,; # N, .

- do, . , :
| next show that forg?sufficiently small, g L > 0. Consider the first of these equations and let
g

2
C = OVT'V',I = 12. Differentiating this equation implicitly with respt tog? yields:



do’ | d’n’ . d?p; dp,; \» dp;
dU{W‘Cﬁzpn o ol 1?2 |= by e

Using the definition off1” and rearranging terms produces:

-1

d@ pll +A d2p22 Ca— (dpll) j| dpll

do

[( 1 Cla pn) 402 2 do2 1p11 do

2 *
Since p; = Z by Corollary 1, | have, using Lemma 2, thg ciiepzzz <0 and forA, >0, (or r, >0),

2 ¥
—zeelzl<0. Furthermore, Lemma 1 also established tha%<0. Thus, when

o’0 O de; > 0. Similarly, for the second equaﬂoade— >0 wheno?® 0| 0,—2 A, . Therefore,
c1 "do do?® c,

A A
there will be a constant < mln{—l,—l} such that forg? O (O, c) there will both be solution to these
c, C

equations andde—i >0.
do
p_ll < O

Returning to the necessary conditions above, arallieg that[1~ is concave (Lemma 2) a =
(Lemma 1), it now follows that foo 0 (0,c) each solution®; satisfies®, > @ (®) . Using Lemma
2 again, | haveN,; < N, (®) and N,, < N; (P).
Proof of Theorem 4
a. Because the objective functions of the are bounded with suppo[O,V], the maximum must
V -

. - . . * X X *
occur in this interval. Sincex =argmaxx[alﬁ+azT}ﬂ (x+y), the necessary

condition for X" to be an interior solution, given the choicelgfis:

A2 (N +

0,0, x+azl dr”(N,)oN, _
N N N

dN,0x

where N, = X+ y. Similarly, the first-order condition foy is:

g

—1‘”2n*<N1)+(”1

-0, y+02%j dr’ (N,)N, _

N dN,oy



N N * *
SinceL = h =1, the difference of the two equations yields=y . BecauseN, = x+ Yy, | have

ox oy

* * No
that x =y = 71 To determineN;, | note that one half the sum of the two equatiovisen x and y

N - ) -0, N dri’ (N
are each replaced by-*, becomes 22 (N, + M—1+02l #:O. Since
2 N N 2 N/ dN;
N . g, -0, . : .
Vv :E’ this OOlast expression becomeéN—G(Nl) =0. Thus, N; must satisfyG(N,) = 0. If
N; =0,thenx =y =0, andifN; =N thenx =y =V =%.

NI N 7, }dn*(Nl):O. Because

b. Let g, >0,. From part a, N; satisfies M (N,)+—| —+
179, p 1 (N,) Z[N . -0, dN,

*

M" >0, for this equation to be satisfieddl evaluated atN; must be negative. Sinch; #0 for

dN,
somej by Lemma 2,N; is the unique value oN, that maximized1” (N,) . It follows that N; > N, .
Let g, <0g,. Then sinceV :E, M+i -N N,__ o is negative. Therefore, for
2 2 o0,-0, 2| N o,-0

N, to satisfy the equation an must be positive aN,; . Again, by the property oNI, it follows that
1

N; <N..

INVESTICIJSKE ODLUKE
SAZETAK

Evaluacija ulaganja je kontrola planiranja i implemtacije ulagékih aktivnosti s obzirom na ciljeve koje
Zelimo ostvariti. U ovom radu pretpostavljam c#jpjeSnog rezultata i maksimizacije profita. Tocirma
evaluacija ulaganja stavlja odvanje normativa u kontekst planiranja i menadZraet stoga i u
kontekst namjernog djelovanja i ciklusa djelovafja.nije vaZzna sama procjedmjenica i scenarija vé

i, manje ili vie implicitni, sléajni lanci koji povezuju aktivnosti s rezultatimbaganja te napokon i s
postizanjem cilja. Model za evaluaciju ulaganja d@jpredlazem ima dva izvora novca koji moraju
odluciti kako uloZziti svoj novac kako bi ostvarili viastvo u dva projekta. Uobiajeni slw'aj u kojem je
broj imatelja novca, broj fondova i broj ulaganjabétraran moze se obraditi na ghn naiin kako je nize
prikazano ali uz pov@nu sloZzenost. Kao rezultat se ne dobiva meharkzgim bi se dobilo maksimalni
rezultat te se analiziraju razite metode pronalaska optimalne strukture pod nesigsti i razliite
strukture troSkova.

JEL: C30, C53, C70

Kljuénerijedi: evaluacija ulaganja, maksimizacija profita, nasigost, neuspjeh koordinacije



