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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 AML-DL Debugger is a software tool to visually explore semantic embeddings built using AML-DL.
Given a semantic embedding expressed using the AML Description Language, it can display its constants,
positive and negative duples, as well as determine its consistency. The AML-DL Debugger has been built
in a modular way, so it is simple to extend with new functionality.

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

AML[1] is a new Artificial Intelligence (AI) paradigm that combines user-defined symbols with self-
generated symbols. This permits AML to learn from the data and adapt to the world as neural networks
do, combined with the power for explainability of Symbolic AI. AML is a purely symbolic approach and
neither uses neurons nor is a neuro-symbolic method. AML does not use parameters and it does not
rely on fitting, regression, backtracking, constraint satisfiability, logical rules, production rules, or error
minimization.

The user should describe the Machine Learning (ML) problem at hand using a set of constants, that
represent concepts, and a set of algebraic order equations and inequations, in the form of positive and
negative duples, that represent relationships between subsets of concepts. These equations are referred
to as the embedding, and the solutions of the embedding as the model. If the set of equations has at least
one solution the embedding is said to be consistent. Inconsistent embeddings have no solutions, i.e. they
have no representation as semilattice models. Further detail about semantic embeddings is provided in
Deliverable D3.6 - AML-DL Interpreter - Revised and [2].

The AML-DL Debugger is a software tool to visualize semantic embeddings and some of their properties.
Currently the AML-DL Debugger can

e organize and display the embedding constants,

e display positive and negative duples using their given name instead of their indices,
e study and explore embedding consistency,

e be extended to implement new modules.

These properties allow for a quick feedback loop when developing or modifying semantic embedding using
AML Description Language (AML-DL).

1.1 Components of the AML-DL Debugger

The AML-DL Debugger combines a user interface and a module loader:

e A Text User Interface (TUI) that displays several options in text view, so it can easily be used in
remote machines or from a docker container.

e A module loader that allows for new tools to be easily added.

2 Demonstrator

This deliverable contains the AML-DL Debugger. Two consistent and two inconsistent semantic embed-
dings are also provided as examples.

2.1 Instructions

Instructions for installation and usage are included 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 [2].
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3 Future work

3.1 Current state

The current AML-DL Debugger is fully functional and in use. It can help debugging hard and complex
semantic embeddings such as the ones provided as examples.

3.2 Potential future enhancements

Currently, the TUI and the module loader are intertwined to some extent. Further enhancements are
planned to decouple them to simplify and automate the process of adding new tools. Additionally,
more user experience (UX) enhancements are planned, with special consideration for newcomers to this
technology. New functionalities for debugging of semantic embeddings could also be developed and
integrated into this tool.

4 AML-DL Debugger walkthrough

In [3] the semantic embedding for the n-queens completion problem is described. Here we follow the third
variant and use it to illustrate the development of a semantic embedding in AML-DL using the AML-DL
Debugger.

Several embedding are provided together with the AML-DL Debugger. To load one of them and start
the application we execute the following command:

python amlDebugger.py <embedding file> [additional parameters]

For instance, for a 4x4 board we would use the command:

python amlDebugger.py embeddings/queensEmbedding.py 4

Figure 1 shows the main menu of the application with the instructions.

Algebraic AI

Check embedding consistency
Inspect embedding
Reload embedding file

? - This help screen

Enter Select/cancel

Down Move cursor down
Move cursor up
Scroll down
Scroll up

Figure 1: AML-DL Debugger main menu.
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4.1 Constants definition

To write a semantic embedding, we first need to define the constants that describe the problem at hand.
These constants encapsulate concepts, such as “queen at cell 3,2” or “there is at least one queen in row
57 these concepts can later be combined to form larger, more complex ideas, or terms.

In the particular case of the third embedding proposed for the n-queens problem, we define constants
such as having a queen at each cell, having empty cells, or having a solved board. Additionally, AML-DL
allows as to create intermediate variables that group together constants. Figure 2 displays the first step
of definition of constant as well as the corresponding visualisation in the AML-DL Debugger. Notice that
it is possible to create multiple constants using a single AML-DL operator.

queensEsbedd ing. py Press "' for menu. Press "q' to exit [

Figure 2: Right: Definition of constants in the semantic embedding of the n-queens completion problem
using AML-DL. Left: Visualisation of the constants in the embedding using the interpreter module.

4.2 Relations declaration

Once the embedding constants have been defined, it is possible to use them to build terms. The positive
or negative relationship between terms is expressed using relations. In figure 3 we add a set of positive
relations. The ADD command adds a relation to the final embedding. The commands INC' and EXC
create a positive and a negative relation, respectively. The M command merges constants, giving as a
result a term. And the F' command performs a lookup in the set of constants, and in particular, finds
the i-th element in a vector.
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queensEmbedding. py Press '?' for menu. Press 'g' to exit

Figure 3: Right: Declaration of a first set of positive relations in the semantic embedding of the n-queens
completion problem using AML-DL. Left: Visualisation of the corresponding positive duples that are
created in the embedding using the interpreter module.

Figure 4 illustrates how we can slowly add more relations, and see the corresponding changes that the
interpreter module displays in the AML-DL Debugger. The amount of relations increase, and they get
organised accordingly to their type and region.
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Figure 4: Right: Declaration of two new sets of negative relations in the semantic embedding of the
n-queens completion problem using AML-DL. These relations use the T operator, so the produce several
duples. Left: Visualisation of the corresponding negative duples that are created in the embedding using
the interpreter module.

As shown in figure 5, it is also possible to add fixed values to an embedding. Here we indicate that the
solution has a queen at a certain position using a positive relation.
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E[13] E]
E[28], E[21], E[22],

- Press '?' for menu. Press 'g' to exit

Figure 5: Right: Declaration of a positive relations in the semantic embedding of the n-queens completion
problem using AML-DL. This relation fixes the position of a Queen, and serves as an initial condition for
the problem. Left: Visualisation of the corresponding positive duples that are created in the embedding
using the interpreter module.

4.3 Consistency

The consistency checker module allows us to verify that the embedding is consistent from a mathematical
point of view. Figure 6 indicates that the embedding that we have built contains at least one inconsistency.
It points to the regions that most likely caused the issue. Then it is possible to analyse our embedding
using a text editor and modify it until we fix the issue. During this process, it is possible to refresh the
analysis dynamically on the AML-DL Debugger, without the need to exit and relaunch it.
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Fillename:

Inconsistency in reglon:
REET « Q[1],

Q[4] < E[4]

queensEmbedding. py 98 - Press '?' for menu. Press 'g' to exit

Figure 6: Left: Result of the analysis of the consistency of the semantic embedding using the consistency
checker module. Right: Regions involved in the inconsistency as pointed out by the analysis.

When the semantic embedding is eventually fixed, the consistency checker displays the message shown in
figure 7.
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queensEmbedding. py 98 - Press '?' for menu. Press 'g' to exit

Figure 7: Left: Result of the analysis of the consistency of the semantic embedding using the consistency
checker module. Right: Regions that were initially involved in the inconsistency.
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