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2 Plan of the talk

e Higher degree form, symmetric tensor

e Classification and canonical forms

e Harrison center

e LDS/Central/Diagonalizable forms

e An algorithm for direct sum decomposition
e Further questions

e References
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3 Tensors
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4 Higher degree forms
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5 Homogeneous Polynomials
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6 Fundamental problems

e Classification of higher degree forms under changing basis?

e Normal form? B
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/. Harrison Center
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8 Direct sum of higher degree form



9 Basic facts
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10 LDS form
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W. Buczy nska, J. Buczy nski, J. Kleppe and Z. Teitler, Apolarity and direct sum decomposability
of polynomials. Michigan Math. J. 64 (2015) 675-719.
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11 Central form
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12 Characterization of central form
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e M. Fedorchuk, Direct sum decomposability of polynomials and factorization of associated forms.
Proc. London Math. Soc. (3) 120 (2020) 305-327.

e 7. Wang, On homogeneous polynomials determined by their Jacobian ideal. Manuscripta Math. 146
(2015) 559-574.
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13 Diagonalizable form
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14 An algorithm for direct sum decomposition

Algorithm: Take an arbitrary f € V,, 4. Denote the associated symmetric tensor by A.

Step 1. Compute Rank{A;,---, A, }. If it is n, then f is nondegenerate and continue; otherwise, take
a linearly independent set of maximal size, reduce variables and make f nondegenerate in lower dimension
situation, then continue.

Step 2. Solve the associated linear equations and get a basis (Pj)i<i<aim z(r) of the center Z(f).

Step 3. Upper-triangularize (FP;)i1<i<aim z(5) Simultaneously, and get a set of uppertriangular matrices
(Qi)1<i<dim z(f)- Let Z" = B1<i<daim z(5)kQi denote the conjugate algebra of Z(f).

Step 4. Take the diagonal «; of each QQ;. By the well known theorem of Jordan decomposition, «; is a
polynomial of QQ; and so an element of Z'. Determine a complete set of primitive orthogonal idempotents of
Z" which are linearly spanned by the «;’s. Write each «o; as a row vector and put them into a matriz C.
Then a set of primitive orthogonal idempotents are obtained by a row echelon reduction of C. By the reverse
conjugation of Step 3, get a complete set of primitive orthogonal idempotents, denoted by (€;)1<j<dim z(f) of

Z(f).

Step 5. Decompose the form [ according to the complete set (€j)1<j<aimz(f) of primitive orthogonal
tdempotents.
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15 An example: the Keet-Saxena cubic forms
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e A. Keet, Higher degree hyperbolic forms. Quaestiones Math. 16 (1993) 413-442

e N. Saxena, On the centers of higher degree forms, unpublished article (2005), posted
at: www.math. uni—bonn. de/people/saxena/papers/laa05. pdf.

e M. 0’ Ryan, D.B. Shapiro, Centers of higher degree forms. Linear Alg. Appl. 371 (2003)
301-314.
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17 Further problems

e Multilinear forms and congruence of tensors
e Nilpotency of centers and singularity

e Waring's problem of higher degree forms

e Composition of higher degree forms

e Multilinear algebra and hypermatrices

e Rank, determinant, eigenvalue ... for matrices of higher degree
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