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Abstract

In this thesis, after a brief review on a background of quantum theory in physics
in simple words, our attempt is the reader get familiar with algebraical and logical
structures originated from the mathematics of this theory and comprehend the
relation between quantum algebra and logic in a practical way.

The aim: Whenever, a new algebraical structure is defined, a significant question
arises: is there any logic for which this structure would be an algebraic model? the
original goal of this thesis is to introduce the logical systems correspond to quantum
algebras and particularly to find a logic for lattice effect algebras. Furthermore,
to reach this goal, more than investigating on many properties of lattice effect
algebras, we will introduce a weaker algebraic structure.

The methodology of research: Observing similar algebraic structures, espe-
cially orthomodular lattices, MV-algebras and EMV-algebras, it is investigated, in
one hand, the way of constructing the logical systems on some of these algebras, on
the other hand, the way of defining implication connective, filters and equivalent
algebraic structures. Then these are used to reach the intended results.

Results: First, we bring some algebraic quantum concepts as an introduction
then considering the biggest challenge in sharp quantum logic, i.e. implication
connectives, we will investigate on diverse approaches of constructing logical sys-
tems which follows by introducing the one that unifies all kinds of implication
connectives.

Further, defining a new concept, pt-implication, as a characterization of a suitable
implication connective for bounded involutive lattices, we will show that Sasaki
arrow is the best implication definable on lattice effect algebras and, using this
connective, we will construct a fuzzy implication on lattice effect algebras.

Then, finding new structural properties for lattice effect algebra and defining a
weak lattice effect algebra, we will introduce by Sasaki arrow a logic for lattice
effect algebras, and prove its completeness.

Furthermore, to induce new quotient structures on lattice effect algebras, we will
define some types of filters. Then, using some new examples of lattice effect al-
gebras, we will investigate on the relations between filters. Additionally, we will
show that on which conditions an MV-algebra or orthomodular lattice are drivable
from a quotient of lattice effect algebra..

Finally, we will introduce generalized EMV-effect algebras as partial algebraic
structures equivalent to EMV-algebras and we show that every generalized EMV-

effect algebra is either an MV-effect algebra or can be embedded into an MV-effect




algebra as a maximal ideal.

Conclusion: It can be briefly conclude that: as orthomodular lattice, the best
implication connective is the duality of Sasaki map, a complete axiomatisation
logic using Sasaki arrow is definable for this algebra, from filters it is obtainable
quotient structures equivalent to some familiar algebras and, at last, it can be
defined a partial algebra equivalent to EMV-algebras.

Keywords: Sharap and unsharp quantum logic, orthomodular lattice, logic of
lattice effect algebra, Sasaki arrow, strong (fantastic, implicative, positive implica-
tive) filter, MV-effect algebra, generalized EMV-effect algebra.
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