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Abstract scientific report:  During the period December 2015 – October 2016, 4 scientific 

papers were published in ISI ranked journals. All above mentioned papers mention the 

financial support of this research grant and they provide answers to problems 

corresponding to the two grant objectives. The results obtained this year were presented at 

4 international conferences. The titles of the talks presented are available on the web page 

of the project: https://gigelmilitaru.wordpress.com/2013/05/27/grant-no-8805-10-2011-

cncs-uefiscdi/.  

Papers published in 2016:    

[33] A. L. Agore, G. Militaru –Jacobi and Poisson algebras, Journal of Noncommutative 

Geometry, 9(2015), 1295 – 1342.  

[32] A. L. Agore – The maximal dimension of unital subalgebras of the matrix algebra, 

Forum Math. , DOI: 10.1515/forum-2015-0241.  Online first: 

http://www.degruyter.com/view/j/form.ahead-of-print/forum-2015-0241/forum-2015-

0241.xml  

[31] A.L. Agore, G. Militaru – Hochshild products and global non-abelian cohomology for 

algebras. Applications,  Journal of Pure App. Algebra, 221(2017), 366-392 

[30] G. Militaru – Metabelian associative algebras, Bulletin of the Malaysian Math. Soc., 

DOI: 10.1007/s40840-015-0157-6. On line first: 

http://link.springer.com/article/10.1007/s40840-015-0157-

6?wt_mc=Affiliate.CommissionJunction.3.EPR1089.DeepLink 

Summary of scientific results contained in the papers [33]-[30]. Poisson (resp. Jacobi) 

algebras are the algebraic counterpart of Poisson (resp. Jacobi) manifolds from differential 

geometry: a manifold is called Poisson/Jacobi manifold if and only if the algebra of 

functions on it is a Poisson/Jacobi algebra. Besides from the interest in itself for a study 

from the  algebraic point of view, Poisson/Jacobi algebras are fundamental objects in many 

areas of research situated at the border of different domains of mathematics such as: 

differential geometry, Lie groups, representation theory, hamiltonian mechanics, 

noncommutative algebraic/differential geometry, (super) integrable systems, vertex 

operator algebras, etc. In the paper [33], which is a vast one and required an extended 

work time, we approached the extending structures problem for Jacobi algebras (and 

Poisson algebras as well – these are a special case of Jacobi algebras) which comes down to 

the following question: for a Jacobi algebra A, describe and classify all Jacobi algebras 

which contain A as a subalgebra of a given codimension. We gave a complete theoretic 

answer to this problem by explicitly constructing a non-abelian coomological type object 
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responsible for the classification. The construction of this object is extremely technical and 

its explicit computation for concrete examples is quite laborious but the theoretical 

applications turned out to be very interesting. In approaching this problem we introduced 

new concepts and opened several new paths for further study, such as: the representations 

of a Jacobi algebra, Frobenius Jacobi algebras, integrals for Jacobi/Poisson algebras, 

matched pairs for Poisson algebras and the corresponding bicrossed products, we 

constructed a new coomological type object responsible for the ‘bicrossed descent 

problem’ for Poisson algebras and we introduced two new types of deformations of a 

Poisson algebra – one of them is the counterpart of ‘twist deformations’ of quantum groups 

while the other one was introduced in order to provide an answer to the ‘bicrossed descent 

problem’. The paper [33] contains many directions for future enquiry and it belongs to the 

first objective of the grant (problem a) as well as to the second objective, (problem 2b). 

The paper [32], provides an answer to a problem subsequent to problem a) from the first 

objective at the level of associative algebras and gives a fascinating result: using deep 

results from the theory of associative algebras it is proved that the maximal dimension of a 

proper subalgebra of the matrix algebra M_n (k) is  n^2 – n + 1 and this dimension is 

obtained for the so-called ‘parabolic algebras’ (these are the counterpart for associative 

algebras of the well-known parabolic algebras from Lie theory). The result is a corollary of a 

more general result of the author which indicates the maximal dimension of a subalgebra in 

an associative algebra based on its semisimple part.  The paper opens the way for 

introducing a new invariant for finite dimensional associative algebras similar to Schur’s 

indicator from Lie algebra theory. Historically,  Schur was the first who computed the 

maximal dimension of an abelian subalgebra of a Lie algebra and generated a lot of 

literature on the subject which can serve as a model for a similar theory at the level of 

associative algebras. The paper [32] is just the first step in this direction.  

The paper [31], part of the first objective, is dedicated to what we have called the global 

extension problem and provides a complete solution (from theoretical point of view) to it  

for associative algebras.  It consists in the following question: let A be an unitary associative 

algebra, E a vector space and \pi: E  A an epimorphism of vector spaces whose kernel is V. 

The global extension problem asks for the classification of all associative algebras which can 

be defined on the vector space E such that \pi becomes a morphism of algebras. A global 

non-abelian coomology object is constructed as an object responsible for the classification 

part of the extension problem in its global form and a new product, called Hochschild 

product (we use this terminology because it is a generalization of a classical construction by 

Hochschild), is introduced as the tool responsible for the problem. All Hochschild products 

A*k are explicitly described, classified and their automorphism groups are computed. 

Several other applications are given, such as: the classification of all ’co-flag’ associative 

algebras, the classification of solvable coalgebras (up to dimension 3), the classification of 



co-flag Poisson algebras etc. The paper also offers a generous direction for further 

investigation of this research theme.  

In the paper [30], part of the problems a) and c) from the first objective we introduced the 

concept of metabelian algebra as the counterpart for associative algebras of the well-

known and intensively studied concept of metabelian group or metabelian Lie algebra. A 

version of Ito’s theorem for associative algebras is proved (at the level of groups or Lie 

algebras this is a basic result for establishing the structure of finite objects). A structure 

theorem for metabelian algebras is proved in terms of linear algebra and their classification  

from the point of view of the extension problem is indicated. Two border cases are treated 

in detail as an application of the above mentioned results:  all metabelian algebras whose 

derived algebra has dimension (respectively codimension) one are explicitly described and 

classified.  The algebras in the first family are classified by the classical equivalence relation 

of bilinear forms while those in the second family by triplets of matrices which satisfy some 

very interesting compatibilities.  

Talks given at international conferences in 2016 

[C1] A. L. Agore - Galois theory for Lie algebras, Workshop on Hopf Algebras and Related 
Topics, University of Turin, 21-22 January, 2016 

[C2] G. Militaru - Leibniz algebras, 20th Conference of the International Linear Algebra 
Society, Leuven, 11-14 July, 2016 

[C3] G. Militaru - Galois groups and groups actions on Lie algebras, 7th European Congress 
of Mathematics, Berlin, 18-22 July, 2016 

[C4] A. L. Agore - Bicrossed descent theory for groups. Applications, 7th European Congress 
of Mathematics, Berlin, 18-22 July, 2016 
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