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For example, for n=2 the program com.f gives:

As a preliminary step, we have used the program gen.f of Ref. [2] to 
generate the files sem.2, sem.3, sem.4, sem.5 and sem.6, which contain 
all the semigroups up to order 6.

[2]

Description of the Java library





To use the Java library that we present in this work it is necessary to 
download the linear algebra package jama.jar from [3].

[3] http://math.nist.gov/javanumerics/jama/

About installation instructions



As explained in our article [4], the library we have constructed is 
available in www.github.com and, to use it, one must download the 
following files from [5]:

About installation instructions

Also the the full documentation of the library is available in [6], on our 
article [4] we have explained only the most important methods of these 
classes (see Sections 3-4).

[4] C. Inostroza, I. Kondrashuk, N. Merino, and F. Nadal, “A Java library to perform S-
expansions of Lie algebras,” arXiv:1703.04036 [cs.MS].
[5] https://github.com/SemigroupExp/Sexpansion/releases/tag/v1.0.0
[6] https://github.com/SemigroupExp/Sexpansion/wiki



[7] R. Caroca, I. Kondrashuk, N. Merino, and F. Nadal, 
“Bianchi spaces and their three-dimensional
isometries as S-expansions of two-dimensional isometries,” 
J.Phys. A46 (2013) 225201,
arXiv:1104.3541 [math-ph].

[8] L. Andrianopoli, N. Merino, F. Nadal, and M. Trigiante, 
“General properties of the expansion
methods of Lie algebras,” J.Phys. A46 (2013) 365204, 
arXiv:1308.4832 [gr-qc].
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General algorithm to find S-related algebras

• Perform the S-expansion with an unknown semigroup
• Relate dimensions of the two algebras we want to connect

(impose conditions like existence of a zero element, resonant
decomposition)

• Extract information from the Lie bracket of the expanded algebra

Then some part of the of the multiplication table are fixed and we get a
template that must be filled.

For a template of order n where x independent component has been fixed,
there are different forms to fill it in a commutative way.

This method will be fully described in the manuscript [9] that we are
preparing, but I will describe the main results in the following section of
applications.

[9] C. Inostroza, I. Kondrashuk, N. Merino, and F. Nadal, “Algorithm to find S-
related Lie algebras,” will be submitted soon.
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In Ref. [7] it has been shown that some Bianchi algebras can be 
obtained as S-expansion of 2-dimensional isometries with
semigroups that do not belong to the family SE(N).

[7] R. Caroca, I. Kondrashuk, N. Merino and F. Nadal,  J. Phys. A: Math. Theor. 46 
(2013) 225201 (24pp), arXiv: 1104.3541



Method
“fill_Template”

Example: Bianchi type II algebra





In particular, in [8] there were found some criteria, related to the
preservation of some properties of the Lie algebra, that allows to
answer that question:

[8] L. Andrianopoli, N. Merino, F. Nadal, M. Trigiante, General properties of the S-
expansion method, J. Phys. A: Math. Theor. 46 (2013) 365204 (33pp) arXiv:1308.4832



All possible expansions with semigroups of order 3:



#r : Total number of different resonances

#pss : Number of semigroups expansions preserving semisimplicity

Classification of all possible expansions that can be 
done with semigroups up to order 6:
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• As mentioned in [9], the full classification of Lie algebras is
known only for the semisimple branch.

• And since the 50’ there were many works using contraction
methods to see if they may help to fix the classification of
solvable Lie algebras. The answer was negative and remains
as a big problem in mathematics.

• In [9] it was mentioned that would be interesting to know
whether S-expansions may help better to fit that missing
classification.

• Therefore, apart from new physical applications, the
programs proposed in this work could be useful in solving this
mathematical problem.

Final remarks

[9] Nesterenko M. 2012 S-expansions of three dimensional Lie algebras
arXiv:1212.1820



Also, it would be very interesting to extend our library to study
other kind of resonances like, e.g.,

This type of decomposition would be very useful to study
expansions of Lie super algebras (used in the context of
supergravity and string theory), which have the following
subspace structure,

Final remarks



• Apart from the mentioned applications in gravity theories and
Lie group theory, it would be interesting analyze if this tool
could have also applications in other physical theories related
with symmetries.

Final remarks



MANY THANKS!


