
                    AGI and HSA (Hypertopology/Semigroup/Acyclicity)

                                                August Lau

ABSTRACT.  
AGI stands for artificial general intelligence and HSA stands for 3 areas 
(hypertopology/semigroup/acyclicity) in mathematics. The author will 
describe the connection between the two fields.

In 1974, the author published a paper on "Acyclicity and dimension of 
hyperspaces of subcontinua" in Buletin de l'Académie Polonaise des Sciences"
(Bulletin of the Polish Academy of sciences). The paper proved that certain 
hyperspaces are acyclic (no holes in the hyperspace i.e. all Betti numbers are 
zero) and are often infinite dimensional. It used topological semigroup theory 
(specifically semilattice) to prove the acyclicity of certain hyperspace. That 
was the paper that connected three areas of abstract mathematics: 
Hypertopology
Semigroup
Acyclicity.

HYPERTOPOLOGY: 
Hypertopology is the contraction of two words hyperspace and topology. If X 
is a set (sometimes called a base space), then the hyperspace is the collection 
of certain subsets of X. So if X = {1,2}, then H(X) can be defined as the 
hyperspace of X composed of {1} and {2} and {1,2}. Hyperspace has been 
used to just indicate higher dimension like 10 compared to 4 dimension. In 
this note, hyperspace is a "construction" which collects certain subsets of a 
base space X.

Why topology? A base space needs to be endowed with a topology if we want 
the concept of abstract distance or abstract geometry to be used on the base 
space. when measurements are made, the open sets of the topology of X is an 
abstract description of proximity. 



One connection to AGI: The more narrow definition of hyperspace has been 
used in AGI as hypergraphs connecting points. The points are connected by 
edges (connecting two points) and graphs (connecting more than two points).

SEMIGROUP: 
A semigroup is endowed with an abstract binary associative operation (binary 
operation of combining x and y is xy) by combining x and y in base space X 
(e.g. xy=x+y, xy=min(x,y), square matrix multiplication, etc. The associative 
operation requires x(yz)=(xy)z. The base space can be endowed with a 
semigroup structure to denote abstract algebra. Classical use of semigroup is 
to view semigroup as a semigroup of operators. Semigroup is a collections of 
actions on a space.

Why semigroup? Semigroup is a generalization of group theory. Group theory 
requires an inverse which means if you move forward, then you can move 
backward to the original spot. Many real world problems are not reversible. 
One example is time is irreversible. Time goes forward and loses information. 
Instruments are never so perfect that nothing is lost as time goes on. So 
semigroup could be viewed as dynamics that are not necessarily reversible.

Semilattice is a special kind of semigroup which is a commutative idempotent 
semigroup. Idempotent means xx=x for every x in X and commutative means 
xy=yx for any x,y in X. The 1974 used compact semilattice to prove certain 
hyperspaces are acyclic (no cycles, no holes, Betti numbers zero). The 
hyperspace has a "data structure" similar to semilattice where each element 
(subset) with "multiplication" being union of two subsets. For general data 
structure, if it is a semilattice, then it creates a partial order of the elements 
based on the semilattice binary operation. 

ACYCLICITY: 
Acyclicity is an important concept about having no holes (i.e. no loops, zero 
Betti numbers). Semilattice was used in the 1974 paper to prove acyclicity of 
certain hyperspace which is often times infinite dimensional. Hence 
hyperspace has a lot of room to move a subset A to subset B without 
obstructions like holes. Even though the hyperspace is acyclic, each subset 



could be non-acyclic. Acyclicity is an important property in using hypergraph 
for AGI. Graphs that have holes could have loops that double back many 
times. This could create many or forever loops that go nowhere and get stuck.

Another reason for acyclicity is that we want dynamics to not double back. 
For wave equation, we want a one-way wave equation so it will not 
reverberate. We know that real world wave does double back. But in an 
artificial world like AI, we can accept only acyclic dynamics. In this way, it 
creates uniqueness so that anything that goes against one way will be flagged 
as attacks or hacking. It means the code cannot double back which seems like 
a constraint. But it also means more restrictive syntax which distinguishes 
"our syntax" different that other programs. This harks back to the 1930s 
concept of lambda calculus.

SUMMARY: 
Even though this is a high level note on hyperspace, semigroup and acyclicity,
the author hopes that this note will encourage using more abstract concepts 
that could lead to a more systematic approach to AGI. 

PATHFORWARD: 
Find the hyperspace appropriate for specific AGI. 
Define the semigroup of operators (actions on objects or other semigroups). 
Define acyclicity in objects by defining its topology.

MISCELLANEOUS:
Maybe of interest in a big picture sense.
"The Unreasonable Expectation of Mathematics", 2018, viXra and "The End 
of Mathematics", 2019, viXra were written to warn of the limitation of 
mathematics and to know the purpose (the end) of mathematics. 

The paper on LG space is to warn of the difficulty of LG (locally dense and 



globally sparse) for inverse problems in seismic acoustic imaging. This paper 
is related to "Seismic Solvability Problems",  2012, arXiv. It pointed out the 
strangeness of hyperspace. If C is the totally disconnected Cantor set in the 
unit interval [0,1] and I is the continuous interval [0,2], then C+C = I. It shows
that all combinations of a+b for arbitrary a and b in C (no connected piece in 
Cantor set) will fill up the continuum [0,2] which is one connected piece. 
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