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*Puzzy Mathematica Programming Applied

to the Lorie-Savage Problem.

Abstract.- The capital budgeting problem, formulated and partially sol -

ved by Lorie-Savage (1955), +o choose projects when the capital budget is
fixed, maximizing the net present value, is in this paper formulated applying
fuzzy mathematical programing, expanding the approach used by H. Martin Weing

artner (1867 .

The lorie-Savace Problem.

James H. Lorie and Leonard J. Savage in their article : "Three

problems in Rationing Capital”, present the problem confronted by

a firm which must ration available capital or liquid resources

among competing investment opportunities. They discuss three pro-

blems in the rationing of capital, in the sense of liguid resources.

1.~ Given the cost of capital, what group of investments should

be selected ?

9.~ Given a fixed sum for capital investment, what Qroup of -

investment proposals should be undertaken ?

3.~ How should a firm select the pest among mutually exclusive

alternatives ?
* This paper was published and presented at the Joint National Meeting ORSA/

TIMS, april 1983.  Chicago, Tll.



A Mathematical Programming Approach

to the Lorie-Savage Problem.

H. Martin Weingartner in his dissertation @ "Mathematical Programming and
the Analysis of Capital Budgeting Problems®, emphasizes that the Lorie-Sava-—
ge prcblem is concerned with a fimm confronted with a variety of possible in-
vestment projects and a fixed capital budget, where the cash flows associlated
with each project are given and the fimm's cost of capital is assumed to be -
known and to be independent of the investment decision, thus making the calcu
lation of a net present value for each project possible. This net present va
lue is defined as the algebraic sum of the elements of its stream of cash re-.
ceipts and outlays discounted by the cost of capital. The dbjetive is then -
to select fram among the projects with positive present values the particular

projects which lead to the highest present value for the fimm.

The foregoing formulation was expressed by H. M. Weingartner in the con -
text of mathematical programming, specifically integer programming, in the --

following terms s

n
Max Z = L b %,
j=1 -
subject to s
n
Y C . X.<C., t=1,2,...,T> (1)
jzltjjjt 2%<y 4
0 <X, <1



where :

th

‘Ij = cost of project j in the poriod t.

Ce = budget ceiling in the periad t.

bj = the present value of all revenues and costs asscciated
with jth project.

Xj = decision variable, which implies that a project jth -

is either accepted (i.e, X; = 1) or it's rejected -

(1.e. , X; : o).
Then (1) is a simple model for selecting among independent alternatives
those projects where total present value is maximum, but where total outlay

in each project falls within the budget limitation.

A Fuzzy‘MaUmmatﬂxﬂ Approach to the

Lorie-Savage Problem.

Let us consider the case in which what is looked for is not
the extremization of Z but the achievément of a certain lngl of
aspiration (yield). 1In the same way, let us suppose that egéh -
of the restrictions can be violated up to a certain toleranc;\lg
" vel according to membership functions associated with budget déi
1ings‘Ct ; and finallylet us add the restriction that no more

than C dollars will be spent during the planning horizon of T pg\

riods.

The problem thus set forth can be formulated as :



=1 LN
subject to :

n :
X Ct.X. < Ct , E=1,2,000,7T
j=t 3T
L C_.x C

. iy ==
£, 33

0 <x, <1

=N J:A

Xj integexr .

Where the symbol ~ indicates that what is established is fuzzy .

Iet us suppose that the level of aspiration is about Mo dollars, associa

ted with the membership function.

4
ro o
1- == , ¥ b. x.=Mgr, and r, > O.
Po J -
j:]_ .
Uy =
¢4
R |
n
1, Lb.x,> M
‘j'—”lj J

And let us suppose that the decision maker is predisposed to tolerate a
0), in the t restriction, according to the follo-

violation of T, (until Mt >

wing membership function :




r n
1 --—=, % C x.=C_+r,r > 0.
Mo i tj 3 t Tt Tt
i, =§
n
1 ; E Ct-x.;g_C,c
1= ]

Graphically, these belonging functions are in the form :

“G_ k ‘ Hf‘f

Therefore, the foregoing problem may be expressed as :



max 3

subject to :
P00c+r0_i_P0 H roéPO
Mton+rt§Mt _t=l,2,...,T
rtth t=1,2,...,T
n
- b.x.-1xr,<-M
-1 33 0 = 0

n .
Z Ctj Xj—rt;C ’t=l,2,.oo,T

which corresponds to a problem of mixed linear programming, the solution of which
o ,

be fzund by using conventional algorythms, where the optimal (o, xi,. s Xy ‘
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1) o
Lorese sty ) means the following:

o = degree of mambership of the optimal scluticn, taking into account
membership functions of the cbjetive and restricciones, i.e., the total sa-
tisfaction of the problem cor the restrictions and objetive function are sa-

tisfied in this order (waere 0 < o®< 1 ).

x% = if it is 0, the jth project is rejected;if it is 1, it is accepted.
R ' ) th C . . )
g = In so far as the £ restriction was vioclated, i.e., in so far as
the available amocunt Mt was increased so as to be invested in the period t.
n
Morocover, it is easy to calculate Z°= % bj x% .
j=1 _

Conclusions.- Because a fuzzy set is a generalization of the ordinary

set, the ideas set forth by Lorie-Savage and formmulated inthe context of in-
teger programming by H.M.Weingartner can be generalized in the context of fuz
zy mathematical programming the decision maker will be benefitted because‘
he will be able to incorporate his preferences, vacuerities and intuitions -
in the model, this will result in a more appropriate solution than if the —-

problem had been dealt with through conventional mathematics.
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