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Abstract— The vector Boolean variant of well-known
Markowitz’s investment problem is considered with Wald's
maximin efficient criteria. Lower and upper attainable bounds
for the stability radius of a Pareto-optimal portfolio of the
problem are obtained in the case with Euclidian metric in the
problem parameters space.
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Based on Markowitz’s portfolio theory [1] we consider § -
criteria discrete (Boolean) variant of the investment managing
problem with Wald’s maximin criteria [2]

ﬁ(x’Ek)zmin zeijk‘xj _)maX9 kENS~ (1)
ie m jeN xeX
n

Here N, ={1,2,...,n} is the set of alternative
investment projects (assets); IV, is the set of possible market
states (market situations, scenarios); N is the set of efficiency
measures; X = (X, X,,...,X,) is an investment portfolio,
where X ; =1 s, if investment project jeN, is
implemented, and X; = 0 otherwise; € is an expected
efficiency for measure k € N of investment project j € N,

in the case, when the market was in state i€ Nm ;

X < {0,1}" is the set of investment portfolios.

Thus initial date is matrix £ = [e;, ] € R™™, composed

of efficiency assessment of portfolios. Note, that there exist
various approaches to assessing investment projects (NPV,
NFV, PI etc.) which take into account the impact of uncertainty
and risk in different ways (see for example [3—6]). It is known
that the complexity of -calculation of such quantities,
application of statistical and expert project efficiency estimates,
is accompanied by a large number of errors resulting in high
degree of uncertainty of initial information [7]. In this relation,
the question on the limiting variation (perturbation) level for
parameters of the initial problem preserving the optimality of
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the chosen portfolio naturally arises. This quantitative approach
results in the key idea of the stability radius. The other type of
uncertainty, arising in the choice of the most efficiency
portfolio, is associated with instability and unpredictability of
the market state. Using Wald’s maximin criteria we take it into
account. Obviously, that the investor, following Wald's criteria,
takes extreme caution and chose the maximum total portfolio
efficiency, assuming that the market was in the worst state,
namely the efficiency is minimal.

A problem (1) means the problem of searching the Pareto
set, i.e. the set of Pareto-optimal investment portfolios of this
problem

P(E)y={xeX: &X'eX
(f(x,E)z f(x,E) & [f(xX,E)= f(x,E))},

where
S E)=(/i(x,E)), (X, E)),...., [,(x, EY)).

In the real space R? of arbitrary dimension d € N we
introduce Euclidean metric 12 , that is the norm of

a=(a1,a2,...,ad)eRd is meant by the number

”a”2 = | Z | a; |, and by the norm of a matrix is meant the
ieN,

norm of the vector composed of all matrix elements.
The stability

x” € P*(E) of s -criteria problem (1), as usual [8, 9], is
defined as follows:

radius of Pareto-optimal portfolio

o(x"m.5) = sup 2, if E#,
T 0, if =0,
where

E={>0:VE eQe) (x"e P (E+E"))},
Q(S) — {E! ERmxnxs . ||E!

2 < 8}, E! :[e:jk]
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Thus, the stability radius defines an extreme level of

problem initial data perturbations (elements of matrix E )
preserving Pareto-optimality of the portfolio.

Theorem. For any m , S €N the stability radius
p(xo, m,s) of any Pareto-optimal portfolio x° € P° (E)
has the following lower and upper bounds

@(x",m,s) < p(x’,m,s) <y(x’,m,s)m,
where

re By - s EY

(P(Xo,m,S) = min ‘

2
s

xeX\{(x%}

0
T+
2 2

0By = f s BN

0

2

0 .
y(x",m,s)= min

xeX\{xO} Hx — tz

Here [z]"'=(z/,z,,...,2,) , z, =max{z,0} ,

keN_, z=(z,2,,....,2,) €R" is.

Corollary 1. If for any portfolio x € X \{x"} the
equation HXOH2 -+-||)C||2 = HXO —tz holds, then for any index

s € N the following formula is true:
p(x’,1,8)=(x’,1,5) = y(x’,1,s).

Thus, lower and upper bounds are attainable for m =1.

Corollary 2. There exists a class of problems (1), such that
forany m, s € N the following formula is valid:

p(x’,m,s) = o(x’,m,s).

This corollary indicates the attainability of lower bound of
the stability radius to establish Theorem for any parameters m
and S .
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Note that earlier in [10] the similar bounds were obtained
for the stability radius of an optimal portfolio of the
multicriteria investment Boolean problem with Savage’s
ordered risk criteria, and in [9] were announced and in [11]
were published attainable bounds of the stability radius of the
multicriteria investment problem with Savage’s risk criteria
and the Pareto optimality principle in the case of Chebyshev

[, metric in the three-dimensions problem parameters space.
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