
The equalities (1) and (2) show that an upper exhauster as well as a
lower one completely characterize the continuous positively homogeneous
function p. Therefore if one of the exhausters is known (for instance, an
upper one) than it is natural to expect that it is possible to transform it
into another (lower) one. A procedure of such transformation is called [4]
an exhauster conversion or, shortly, a convertor.

V.F. Demyanov [4] developed a convertor for exhausters of Lipshitzian
positively homogeneous functions. In case of exhausters of continuous
positively homogeneous functions which are not Lipshitzian his method
of conversion makes it possible to construct only so called a generalized
exhauster containing sublinear (or superlinear) functions with values in
the extended reals R.

In this report we will present the method of exhauster conversion which
transforms any initial (upper or lower) exhauster of continuous positively
homogeneous functions into a regular (lower or upper) exhauster consisting
of only sublinear (or superlinear) functions with values in R.
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The quasidifferential calculus developed by V.F. Demyanov and A.M.
Rubinov [1] almost 30 years ago provides a complete analogon to the
classical calculus of differentiation for a wide class of non-smooth functions.
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Although this looks at the first glance as a generalized subgradient calculus
for pairs of subdifferentials it turns out that, after a more detailed analysis,
the quasidifferential calculus is a kind of Fréchet-differentiations whose
gradients are elements of a suitable Minkowski–R̊adström–Hörmander
space. Since the elements of the Minkowski–R̊adström–Hörmander
space are not uniquely determined, smallest possible representations of
quasidifferentials, i.e. minimal representations are of special interest (see
[2] ).

To investigate this in a more general frame let X = (X, τ) be a
topological vector space and B(X) (resp. K(X)) the family of all nonempty
bounded closed (resp. compact) convex subsets of X . For nonempty
A,B ⊂ X : A+B denotes the algebraic Minkowski and A+̇B the closure
of A + B. For A,B ∈ K(X) : A+̇B = A + B. Since B(X) satisfies the
order cancellation law, i.e, for A,B,C ∈ B(X) the inclusion A+̇B ⊂ B+̇C
implies A ⊂ C, the set B(X) endowed with the sum +̇ and K(X) with the
Minkowski sum are commutative semigroups with cancellation property.
For A,B,C ∈ B(X) we put A∨B = cl conv(A∪B) “cl conv” denotes the
closed convex hull.

A equivalence relation on B2(X) = B(X)×B(X) is given by (A,B) ∼
(C,D) iff A+̇D = B+̇C and a partial ordering by the relation: (A,B) ≤
(C,D) iff A ⊂ C and B ⊂ D. With [A,B] the eqivalence class of (A,B)
is denoted.

A pair (A,B) ∈ B2(X) is called minimal if there exists no pair (C,D) ∈
[A,B] with (C,D) < (A,B). For any (A,B) ∈ K2(X) exists a minimal
pair (A0, B0) ∈ [A,B], but this is not true for B2(X). There exists a
class [A,B] ∈ B2(c0) which contains no minimal element, where c0 is
the Banach space of all real sequences which converge to zero. For the
2-dimensional case, equivalent minimal pairs of compact convex sets are
uniquely determined up to translation. For the 3-dimensional case, this is
not true.

Let A,B, S ∈ B(X), then we say that S separates the sets A and B if
for every a ∈ A and b ∈ B we have [a, b] ∩ S ̸= ∅.

The following statements are equivalent:
i) A ∪ B is convex, ii) A ∩ B separates A and B, iii) A ∨ B is a
summand of A+̇B.

The condition that for A,B, S ∈ B(X) the inclusion A+B ⊂ (A∨B)+̇S
implies that S separates the sets A and B is called the separation law. It
is equivalent to the order cancellation law.
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For finitely sets (Ai)i∈I a generalization of the separation law holds and
it can be shown, that a separating set can be constructed from Demyanov-
differences of the sets Ai.

We consider conditional minimality: A pair (A,B) ∈ K2(X) is called
convex if A ∪ B is a convex set and a convex pair (A,B) ∈ K2(X) is
called minimal convex if for any convex pair (C,D) ∈ [A,B] the relation
(C,D) ≤ (A,B) implies that (A,B) = (C,D).

It is possible to consider the problem pairs of convex sets in the more
general frame of a commutative semigroup S which is ordered by a relation
≤ and which satifies the condition: if as ≤ bs for some s ∈ S, then
a ≤ b. Then (a, b) ∈ S2 = S × S corresponds to a fraction a/b ∈ S2 and
minimality to a relative prime representation of a/b ∈ S2.
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We generalize the Demyanov difference to the case of real Hausdorff
topological vector spaces.

For A,B ⊂ X we define upper difference EA,B as the family EA,B =
{C ∈ C(X)|A ⊂ B + C}, where C(X) is the family of all nonempty closed
convex subsets of the topological vector space X . We denote the family of
inclusion minimal elements of EA,B by mEA,B. We define a new subtraction

by A
D
− B = conv

∪
mEA,B. We show that A

D
− B is a generalization of

Demyanov difference.
We prove some clasical properties of the Demyanov difference.
For a locally convex vector space X and compact sets A,B,C ∈ C(X)

the Demyanov-Difference has the following properties:
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