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Abstract

Generalizations of the intermediate value theorem in several variables are pre-
sented. These theorems are very useful in various approaches including, among
others, the existence of solutions of systems of nonlinear algebraic and/or tran-
scendental equations, the existence of fixed points of continuous functions, the
localization of extrema of objective functions, as well as the localization of peri-
odic orbits of nonlinear mappings and periodic orbits (fixed points) on Poincaré’s
surface of section (Poincaré map). These theorems are of major importance for
tackling problems with imprecise (not exactly known) information.

Based on the corresponding existence criteria emanated by the above the-
orems, methods, named “generalized bisection methods”, are given. The only
computable information required by the generalized bisection methods is the
algebraic sign of the function value which is the minimum possible information
(one bit of information) necessary for the purpose needed, and not any addi-tional
information. Thus, these methods are of major importance for studying and
tackling problems with imprecise (not exactly known) information. This kind of
problems occurs in various scientific fields. This is so, because, in a large variety of
applications, precise function values are either impossible or time con-suming and
computationally expensive to obtain. Furthermore, these methods are
particularly useful for studying and tackling various problems where the
corresponding functions obtain very large and/or very small values.

It is well known that algebraic equations are very important in studying and
solving problems in a variety of scientific fields. Regarding the algebraic signs of
algebraic expressions there are various efficient approaches in obtaining this
information.

Applications related to systems of nonlinear algebraic and/or transcendental
equations, as well as fixed points of continuous functions are presented. Fur-
thermore, an application is presented which concerns the computation of all the
periodic orbits (stable and unstable) of any period and accuracy which occur,
among others, in the study of beam dynamics in circular particle accelerators like
the Large Hadron Collider (LHC) machine at the European Organization for
Nuclear Research (CERN).
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