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Executive summary

Algebraic Machine Learning (AML) is a novel machine learning technique based on algebraic representa-
tions of data. Unlike statistical learning, AML algorithms are robust regarding the statistical properties
of the data and are parameter-free. AML systems can retain what they learn, including sociocultural
ethical practices for human-artificial intelligence systems. The aim of the EU-funded ALMA project
is to study the mathematical properties of AML and to leverage them to develop a new generation of
interactive human-centric machine learning systems. These systems are intended to minimize bias in
order to facilitate trust while better enabling distributed collaborative learning.

The AMLDL Consistency Checker is a software tool to study the consistency of algebraic semantic em-
beddings into semilattices. Given a semantic embedding expressed using the AML Description Language,
it can determine if the embedding is consistent or not. If the embedding is not consistent the AMLDL
Consistency Checker indicates the potential primary and secondary sources of the inconsistency.

This deliverable contains the AMLDL Consistency Checker as well as examples of consistent and incon-
sistent embeddings.
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1 AMLDL Consistency Checker

AML[1] is a Machine Learning (ML) method that relies on calculating semantic embeddings into algebras
with idempotent operators such as semilattices [2]. The user should describe the ML problem at hand
using a set of algebraic order equations and inequations. These equations are referred as the “embedding”
and the solutions of the embedding as the “model”. If the set of equations has at least one solution then
the embedding is said to be consistent. Inconsistent embeddings have no solutions, i.e. they have no
representation as semilattice models.

The AMLDL-CC is a software tool to study the consistency of algebraic semantic embeddings into
semilattices. The AMLDL-CC can determine if an embedding expressed in AMLDL is consistent or not.
In case that the embedding is inconsistent, the AMLDL-CC pinpoints the potential primary source of
the inconsistency and the possible secondary sources. The primary source is a negative duple that cannot
be satisfied because it contradicts other duples of the embedding. The AMLDL-CC will indicate the
AMLDL instruction from which said negative duple originates. To help understand how the inconsistency
arises, the AMLDL-CC also shows the AMLDL instructions that produce duples which, collectively or
individually, contradict the primary source duple. If the embedding contains more than one inconsistency
the AMLDL-CC will find and display all of them.

Further details about semantic embeddings are provided in Deliverable D3.1 - AML-DL Specification -
Initial and [3].

1.1 Components of the AMLDL-CC

The AMLDL-CC combines an interpreter and an analyzer:
e An interpreter for AMLDL that transforms AMLDL code into a set of positive and negative duples.

e An analyzer that uses these duples to determine if there is at least one semilattice model compatible
with them.

If there is at least one semilattice model that satisfies all the duples then the code is considered consis-
tent.

1.1.1 The AMLDL interpreter

The AMLDL specification is presented in Deliverable D3.1 - AML-DL Specification - Initial. The inter-
preter fully implements that specification, transforming the AMLDL instructions into a set of duples.
Those duples represent order relations, with each duple describing the element on its left-hand-side,
right-hand-side, and whether such order relation is positive, <, or negative, <.

1.1.2 The consistency analyzer

The methodology and mathematics necessary to determine the consistency of an embedding are fully
described in [1, sec. 2.6].

In [1, sec. 2.6], two directed graphs are used: one containing the constants (minimum units to describe
the components of the problem) and the terms (idempotent summation of constants); and a second one,
the dual, that mirrors the first graph with reverted relations. The dual contains constants and atoms but
not terms as every term in the master algebra has a constant as its dual. A model for the dual is first
created making use of the positive and negative duples from the interpreter. The edges of the graphs are
established using the following steps.

e The first step is to satisfy the reverted negative relations, £. This may involve adding some dual-
of-atoms to the dual graph.
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e Reverted positive relations, <, are also satisfied by simply adding the necessary edges and using
transitive closure of the graph.

o After transitive closure, all reverted relations are satisfied if and only if the embedding is consistent.

To determine the consistency of an embedding, the AMLDL-CC implicitly calculates the dual. The
embedding is consistent if it can build a model for the dual until the end.

2 Demonstrator

This deliverable contains the AMLDL-CC v0.1. Two consistent and two inconsistent semantic embeddings
are also provided as examples.

2.1 Instructions

Instructions for installation and usage are includes in the README . md file together with the program.

2.2 Examples

Two consistent embeddings are provided for illustrative purposes. The same two embedding are also
provided with an additional AML-DL code line that turns them inconsistent.

The two examples included correspond to the algebraic semantic embedding of the n-queens completion
problem, as described in [1], and the embedding of a cyclic group [3].

3 Future work

3.1 Current state

The current AMLDL-CC is fully functional and in use. It can assess the consistency of hard and complex
semantic embeddings such as the ones provided as examples.

3.2 Potential future enhancements

Further enhancements are planned, with special consideration with newcomers to this technology. In par-
ticular, it is important to make it an easy and friendly tool for the users. Additionally, new functionalities
for debugging of semantic embeddings could be developed and integrated in this tool.
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