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The solution to this equation will be look for in the next form

f(t, x, V ) =
∞∑

i=1

φi(t, x)Mi(t, x, V ). (4)

where Mi(t, x, V ) are the exact solutions of the equation (1)-(3)
D(Mi) = Q(Mi,Mi) = 0

and the coefficient functions φi(t, x) are nonnegative smooth functions on R4 and φi(t, x) 6≡ 0.
As a value of the deviation between the parts of equation (1) we will consider a uniform-

integral error of the form

∆ = ∆(βi) = sup
(t,x)∈R4

∫

R3

∣∣D(f)−Q(f, f)
∣∣dV. (5)

In the paper [2], several cases of coefficient functions φi(t, x) were obtained for which the
deviation (5) can be done arbitrarily small. This is possible thanks to a special selection of
hydrodynamic flow parameters.
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The Fredholm and semi-Fredholm theory on Hilbert and Banach spaces started by studying
the integral equations introduced in the pioneering work by Fredholm in 1903 in [5]. After
that, the abstract theory of Fredholm and semi-Fredholm operators on Hilbert and Banach
spaces was further developed in numerous papers and books such as [1], [2] and [14]. In
addition to classical semi-Fredholm theory on Hilbert and Banach spaces, several general-
izations of this theory have been considered. Breuer for example started the development
of Fredholm theory in von-Neumann algebras as a generalization of the classical Fredholm
theory for operators on Hilbert spaces. In [3] and [4] he introduced the notion of a Fredholm
operator in a von Neumann algebra and established its main properties. On the other hand,
Fredholm theory on Hilbert C∗-modules as another generalization of the classical Fredholm
theory on Hilbert spaces was started by Mishchenko and Fomenko. In [13] they introduced
the notion of a Fredholm operator on the standard Hilbert C∗-module and proved a gen-
eralization in this setting of some of the main results from the classical Fredholm theory.
In [6], [7], [8], [9] and [10] we went further in this direction and defined semi-Fredholm and
semi-Weyl operators on Hilbert C∗-modules. We investigated and proved several properties
of these new semi- Fredholm operators on Hilbert C∗-modules as a generalization of the re-
sults from the classical semi-Fredholm theory on Hilbert and Banach spaces. The interest
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for considering these generalizations comes from the theory of pseudo differential operators
acting on manifolds. The classical theory can be applied in the case of compact manifolds,
but not in the case of non-compact ones. Even operators on Euclidian spaces are hard to
study, for example Laplacian is not Fredholm. Kernels and cokernels of many operators are
infinite dimensional Banach spaces, however, they may also at the same time be finitely gen-
erated Hilbert modules over some appropriate C∗-algebra. Similarly, orthogonal projections
onto kernels and cokernels of many bounded linear operators on Hilbert spaces are not finite
rank projections in the classical sense, but they are still finite projections in an appropriate
von Neumann algebra. Therefore, many operators that are not semi-Fredholm in the classical
sense may become semi-Fredholm in a more general sense if we consider them as operators
on Hilbert C∗-modules or as elements of an appropriate von Neumann algebra. Hence, by
studying these generalized semi-Fredholm operators, we get a proper extension of the classical
semi-Fredholm theory to new classes of operators.

Now, Kečkić and Lazović in [12] established an axiomatic approach to Fredholm theory.
They introduced the notion of a finite type element in a unital C∗-algebra which generalizes
the notion of the compact operator on the standard Hilbert C∗-module and the notion of a
finite operator in a properly infinite von Neumann algebra. They also introduced the notion
of a Fredholm type element with respect to the ideal of these finite type elements. This notion
is at a same time a generalization of the classical Fredholm operator on a Hilbert space, Fred-
holm C∗-operator on the standard Hilbert C∗-module defined by Mishchenko and Fomenko
and the Fredholm operator on a properly infinite von Neumann algebra defined by Breuer.
The index of this Fredholm type element takes values in the K-group. They showed that the
set of Fredholm type elements in a unital C∗-algebra is open in the norm topology and they
proved a generalization of the Atkinson theorem. Moreover, they proved the multiplicativity
of the index in the K-group and that the index is invariant under perturbations of Fredholm
type elements by finite type elements.

In this talk we will present the results from [11] regarding semi-Fredholm theory in unital
C∗-algebras as a continuation of the approach by Kečkić and Lazović on Fredholm theory in
unital C∗-algebras. We will introduce the notion of a semi-Fredholm type element and a semi-
Weyl type element with respect to the ideal of finite type elements and obtain a generalization
in this setting of several results from the classical semi-Fredholm and semi- Weyl theory
of operators on Hilbert spaces. The motivation for this research is not only developing
an abstract, axiomatic semi-Fredholm theory in unital C∗-algebras, but also deriving an
extension of Breuer‘s Fredholm theory to semi-Fredholm and semi-Weyl theory in properly
infinite von Neumann algebras by applying our results to this special case. In the first part of
the talk we will present the results in abstract semi-Fredholm theory and semi-Weyl theory
in unital C∗-algebras, whereas in the second part of the talk we will focus on the applications
of these results to the concrete case of properly infinite von Neumann algebras.
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In this paper, new hyper-algebraic structures called hyperloop, multiloop, polyquasigroup
and polyloop, and a special class of polyloop called right Bol polyloop are introduced and
studied. It is shown that for any non-commutative (groupoid, quasigroup, loop), commutative
and non-commutative (polygroupoid, polyquasigroup, polyloop) can be constructed. It is
shown that a right Bol polyloop is characterized by any of seven equivalent identities and has
the right alternative properties. Two examples of right Bol loops were constructed with the
aid of a ring.

The newly introduced hyper-algebraic structures are:
Definition 1. (Polygroupoid, Polyquasigroup, Polyloop, Multiloop)

Let M = (P, ·) be a polygroupoid. Let e ∈ P and � : P × P → P∗(H) and � : P × P →
P∗(H) such that
(a): (i) x ∈ (x · y)�y (ii) x ∈ (x�y) · y (iii) x ∈ y�(y · x) (iv) x ∈ y · (y�x) for all x, y ∈ P ,

then (P, ·,�,�) will be called a polyquasigroup.
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