
flag algebra

flag algebra is a powerful and innovative mathematical framework that
simplifies the study of vector spaces and linear transformations. This
approach utilizes the visual and intuitive properties of flags—ordered
sequences of subspaces—to facilitate complex algebraic operations. In this
article, we will explore the foundational concepts of flag algebra, its
applications in various branches of mathematics, and its significance in the
realms of algebraic geometry and representation theory. By delving into the
definitions, operations, and examples of flag algebra, we aim to provide a
comprehensive understanding that will be beneficial for students and
professionals alike.
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Introduction to Flag Algebra

Flag algebra is a branch of mathematics that focuses on the relationships and
operations involving flags. A flag typically consists of a sequence of
subspaces of a vector space, each contained within the previous one. For
instance, in a three-dimensional space, a flag might include a point, a line,
and a plane. This hierarchical structure allows for a deeper exploration of
linear algebraic concepts, enhancing our understanding of dimensions and
transformations.

The study of flag algebra is not only theoretical but has practical
implications. By utilizing flags, mathematicians can represent complex
algebraic structures in a more manageable form. This approach opens up
avenues for research in various fields, including combinatorics, coding
theory, and even computer science. In the coming sections, we will dissect
the foundational concepts of flag algebra, investigate its operations, and
highlight its applications in modern mathematics.

Foundational Concepts

Definition of Flags



A flag in a vector space is a sequence of nested subspaces. Mathematically,
if V is a vector space, a flag F can be defined as:

F = (0 = V0 < V1 < V2 < ... < Vk = V)

Here, each Vi represents a subspace of V, and the sequence is ordered by
inclusion. The number of subspaces in a flag is referred to as the length of
the flag, which is an essential property when analyzing the structure of the
vector space.

Types of Flags

There are several types of flags that mathematicians study, including:

Complete flags: These flags contain all possible dimensions from zero up
to the dimension of the vector space.

Partial flags: These flags consist of only a subset of the possible
subspaces.

Standard flags: In Euclidean spaces, standard flags refer to flags that
are generated by coordinate subspaces.

Understanding these types of flags is crucial for applying flag algebra in
different mathematical contexts. Each type has unique properties and
applications, particularly in areas such as representation theory and
algebraic geometry.

Operations in Flag Algebra

Flag Addition and Scalar Multiplication

In flag algebra, operations can be defined similarly to those in standard
vector spaces. Flag addition is performed by combining flags of the same
length. If F1 and F2 are two flags of the same length, their sum F1 + F2 is
another flag formed by taking the direct sum of the corresponding subspaces:

F1 + F2 = (V0 + W0 < V1 + W1 < V2 + W2 < ... < Vk + Wk)

Scalar multiplication involves scaling each subspace in a flag by a scalar
value. This operation is straightforward and maintains the nested structure
of the flag.



Flag Intersection

The intersection of two flags F1 and F2 can be defined as the flag formed by
taking the intersection of their corresponding subspaces:

F1 ∩ F2 = (V0 ∩ W0 < V1 ∩ W1 < V2 ∩ W2 < ... < Vk ∩ Wk)

This operation is vital in applications where one needs to analyze the common
subspaces shared between different flags, facilitating the study of their
relationships.

Applications of Flag Algebra

Flag Algebra in Algebraic Geometry

In algebraic geometry, flag algebra plays a significant role in the study of
varieties and their properties. By representing varieties as flags,
mathematicians can utilize the algebraic tools of flag algebra to solve
problems related to dimension and intersection theory. This application
highlights the versatility of flag algebra in transforming geometric
questions into algebraic ones.

Flag Algebra in Representation Theory

Representation theory, which studies how algebraic structures can be
represented through linear transformations, benefits greatly from flag
algebra. Flags can represent weight spaces in a representation, allowing for
a clearer understanding of how different representations behave under various
transformations. This application is particularly important in the
classification of representations of groups and algebras.

Examples and Case Studies

Example 1: A Simple Flag

Consider a three-dimensional vector space V over the field of real numbers. A
simple flag could be represented as:

F = (0 < L < P = V)



Here, L is a line through the origin, and P is a plane that contains L. This
example illustrates the basic structure of a flag and how different subspaces
relate to one another.

Example 2: Application in Coding Theory

In coding theory, flags can be used to analyze linear codes. By constructing
flags from the generator matrices of linear codes, researchers can derive
properties such as error-correcting capabilities and decoding algorithms.
This application shows the practical utility of flag algebra in solving real-
world problems.

Conclusion

Flag algebra is a rich and intricate field that bridges various areas of
mathematics. By providing a structured way to visualize and manipulate
subspaces, flag algebra enhances our understanding of vector spaces and their
transformations. Its applications in algebraic geometry and representation
theory demonstrate its relevance to both theoretical and practical problems
in mathematics. As research in this area continues to evolve, the
significance of flag algebra is likely to grow, offering new insights and
methodologies for tackling complex mathematical challenges.

Q: What is flag algebra?
A: Flag algebra is a mathematical framework that focuses on the relationships
between nested sequences of subspaces in vector spaces, known as flags. It
simplifies the analysis of linear transformations and algebraic structures.

Q: How is a flag defined in mathematics?
A: A flag is defined as an ordered sequence of nested subspaces of a vector
space, typically represented as (0 = V0 < V1 < V2 < ... < Vk = V), where each
Vi is a subspace contained within the previous one.

Q: What are the types of flags?
A: The types of flags include complete flags, which consist of all possible
dimensions, partial flags with only a subset of subspaces, and standard flags
typically generated by coordinate subspaces in Euclidean spaces.

Q: What operations can be performed on flags?
A: Operations on flags include flag addition, scalar multiplication, and
intersection. These operations allow for the manipulation of flags while
maintaining their nested structure.



Q: How is flag algebra applied in algebraic geometry?
A: In algebraic geometry, flag algebra is used to study varieties by
representing them as flags, facilitating the exploration of their properties
and relationships through algebraic methods.

Q: What role does flag algebra play in representation
theory?
A: Flag algebra aids in the study of representations of algebraic structures
by representing weight spaces as flags, which helps classify and analyze
different representations.

Q: Can you provide an example of flag algebra in
practice?
A: One example is in coding theory, where flags constructed from generator
matrices of linear codes help analyze properties such as error-correcting
capabilities and decoding algorithms.

Q: What is the significance of the length of a flag?
A: The length of a flag, defined by the number of subspaces it contains, is
significant as it indicates the dimensionality of the corresponding vector
space and influences the properties of the flag.

Q: Is flag algebra only theoretical, or does it have
practical applications?
A: Flag algebra has both theoretical and practical applications. It is used
in various fields such as algebraic geometry, representation theory, and
coding theory, demonstrating its versatility in addressing real-world
problems.

Q: How does flag algebra enhance our understanding of
linear transformations?
A: By representing linear transformations through the lens of flags,
mathematicians can visually and algebraically analyze the structure and
behavior of these transformations, leading to deeper insights into vector
spaces.
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  flag algebra: Algebraic and Geometric Combinatorics Christos A. Athanasiadis, 2006 This
volume contains original research and survey articles stemming from the Euroconference
``Algebraic and Geometric Combinatorics''. The papers discuss a wide range of problems that
illustrate interactions of combinatorics with other branches of mathematics, such as commutative
algebra, algebraic geometry, convex and discrete geometry, enumerative geometry, and topology of
complexes and partially ordered sets. Among the topics covered are combinatorics of polytopes,
lattice polytopes, triangulations and subdivisions, Cohen-Macaulay cell complexes, monomial ideals,
geometry of toric surfaces, groupoids in combinatorics, Kazhdan-Lusztig combinatorics, and graph
colorings. This book is aimed at researchers and graduate students interested in various aspects of
modern combinatorial theories.
  flag algebra: Algebraic Engineering - Proceedings Of The First International
Conference On Semigroups And Algebraic Eng And Workshop On For Chrystopher L Nehaniv,
Masami Ito, 1999-05-14 There is algebraic structure in time, computation and biological systems.
Algebraic engineering exploits this structure to achieve better understanding and design. In this
book, pure and applied results in semigroups, language theory and algebra are applied to areas
ranging from circuit design to software engineering to biological evolution.
  flag algebra: Structure Theory Helmut Strade, 2008-08-22 The problem of classifying the
finite-dimensional simple Lie algebras over fields of characteristic p > 0 is a long-standing one. Work
on this question during the last 45 years has been directed by the Kostrikin–Shafarevich Conjecture
of 1966, which states that over an algebraically closed field of characteristic p > 5 a
finite-dimensional restricted simple Lie algebra is classical or of Cartan type. This conjecture was
proved for p > 7 by Block and Wilson in 1988. The generalization of the Kostrikin–Shafarevich
Conjecture for the general case of not necessarily restricted Lie algebras and p > 7 was announced
in 1991 by Strade and Wilson and eventually proved by Strade in 1998. The final
Block–Wilson–Strade–Premet Classification Theorem is a landmark result of modern mathematics
and can be formulated as follows: Every finite-dimensional simple Lie algebra over an algebraically
closed field of characteristic p > 3 is of classical, Cartan, or Melikian type. In the three-volume book,
the author is assembling the proof of the Classification Theorem with explanations and references.
The goal is a state-of-the-art account on the structure and classification theory of Lie algebras over
fields of positive characteristic leading to the forefront of current research in this field. This first
volume is devoted to preparing the ground for the classification work to be performed in the second
and third volume. The concise presentation of the general theory underlying the subject matter and
the presentation of classification results on a subclass of the simple Lie algebras for all odd primes
make this volume an invaluable source and reference for all research mathematicians and advanced
graduate students in albegra.
  flag algebra: Differential Algebra, Complex Analysis and Orthogonal Polynomials
Primitivo B. Acosta Humanez, Francisco Marcellán, 2010 Presents the 2007-2008 Jairo Charris
Seminar in Algebra and Analysis on Differential Algebra, Complex Analysis and Orthogonal
Polynomials, which was held at the Universidad Sergio Arboleda in Bogota, Colombia.
  flag algebra: Simple Lie Algebras Over Fields of Positive Characteristic: Structure theory
Helmut Strade, 2004 The problem of classifying the finite-dimensional simple Lie algebras over
fields of characteristic p > 0 is a long-standing one. Work on this question during the last 45 years
has been directed by the Kostrikin-Shafarevich Conjecture of 1966, which states that over an
algebraically closed field of characteristic p > 5 a finite-dimensional restricted simple Lie algebra is
classical or of Cartan type. This conjecture was proved for p > 7 by Block and Wilson in 1988. The
generalization of the Kostrikin-Shafarevich Conjecture for the general case of not necessarily
restricted Lie algebras and p > 7 was announced in 1991 by Strade and Wilson and eventually
proved by Strade in 1998. The final Block-Wilson-Strade-Premet Classification Theorem is a
landmark result of modern mathematics and can be formulated as follows: Every finite-dimensional
simple Lie algebra over an algebraically closed field of characteristic p > 3 is of classical, Cartan, or



Melikian type. In the three-volume book, the author is assembling the proof of the Classification
Theorem with explanations and references. The goal is a state-of-the-art account on the structure
and classification theory of Lie algebras over fields of positive characteristic leading to the forefront
of current research in this field. This first volume is devoted to preparing the ground for the
classification work to be performed in the second and third volume. The concise presentation of the
general theory underlying the subject matter and the presentation of classification results on a
subclass of the simple Lie algebras for all odd primesmake this volume an invaluable source and
reference for all research mathematicians and advanced graduate students in albegra.
  flag algebra: Representation Theory, Number Theory, and Invariant Theory Jim Cogdell,
Ju-Lee Kim, Chen-Bo Zhu, 2017-10-19 This book contains selected papers based on talks given at the
Representation Theory, Number Theory, and Invariant Theory conference held at Yale University
from June 1 to June 5, 2015. The meeting and this resulting volume are in honor of Professor Roger
Howe, on the occasion of his 70th birthday, whose work and insights have been deeply influential in
the development of these fields. The speakers who contributed to this work include Roger Howe's
doctoral students, Roger Howe himself, and other world renowned mathematicians. Topics covered
include automorphic forms, invariant theory, representation theory of reductive groups over local
fields, and related subjects.
  flag algebra: Algebraic Structures and Operators Calculus P. Feinsilver, René Schott,
2012-12-06 Introduction I. General remarks . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . . . 1 II. Notations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . . . . . . 5 III. Lie algebras: some basics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . . . . . . . 8 Chapter 1 Operator calculus and Appell systems I. Boson calculus . .
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17 II. Holomorphic
canonical calculus . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18 III. Canonical
Appell systems . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23 Chapter 2
Representations of Lie groups I. Coordinates on Lie groups . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . . . . . 28 II. Dual representations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . . . . . . . 29 III. Matrix elements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . . . . . . . . . . 37 IV. Induced representations and homogeneous spaces . . . . . . . .
. . . . . . . . . . . . . . . . . . . . . . . . 40 General Appell systems Chapter 3 I. Convolution and stochastic
processes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 44 II. Stochastic processes on Lie
groups . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . 46 III. Appell systems on Lie
groups . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 49 Chapter 4 Canonical
systems in several variables I. Homogeneous spaces and Cartan decompositions . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . 54 II. Induced representation and coherent states . . . . . . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . 62 III. Orthogonal polynomials in several variables . . . . . . . . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . 68 Chapter 5 Algebras with discrete spectrum I. Calculus on groups: review of the
theory . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 83 II. Finite-difference algebra . . . . . . . . .
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 85 III. q-HW algebra and basic
hypergeometric functions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 89 IV. su2 and Krawtchouk
polynomials . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 93 V. e2 and Lommel
polynomials . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 101 Chapter 6
Nilpotent and solvable algebras I. Heisenberg algebras . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . . . . . . . 113 II. Type-H Lie algebras . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . . . . . . . . 118 Vll III. Upper-triangular matrices . . . . . . . . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . . . . . . . .. . . 125 IV. Affine and Euclidean algebras . . . . . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . . . . . . . . . . 127 Chapter 7 Hermitian symmetric spaces I. Basic structures . . . .
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 131 II. Space of
rectangular matrices . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 133 III. Space
of skew-symmetric matrices . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 136 IV. Space
of symmetric matrices . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 143 Chapter



8 Properties of matrix elements I. Addition formulas . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . . . . . . 147 II. Recurrences . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . . . . . . . . . 148 III. Quotient representations and summation formulas . . . . . . . .
. . . . . . . . . . . . . . . . . . . . . . 149 Chapter 9 Symbolic computations I. Computing the pi-matrices . . . . .
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 153 II. Adjoint group . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 154 III. Recursive computation of
matrix elements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
  flag algebra: Toric Topology Megumi Harada, 2008 Toric topology is the study of algebraic,
differential, symplectic-geometric, combinatorial, and homotopy-theoretic aspects of a particular
class of torus actions whose quotients are highly structured. The combinatorial properties of this
quotient and the equivariant topology of the original manifold interact in a rich variety of ways, thus
illuminating subtle aspects of both the combinatorics and the equivariant topology. Many of the
motivations and guiding principles of the fieldare provided by (though not limited to) the theory of
toric varieties in algebraic geometry as well as that of symplectic toric manifolds in symplectic
geometry.This volume is the proceedings of the International Conference on Toric Topology held in
Osaka in May-June 2006. It contains about 25 research and survey articles written by conference
speakers, covering many different aspects of, and approaches to, torus actions, such as those
mentioned above. Some of the manuscripts are survey articles, intended to give a broad overview of
an aspect of the subject; all manuscripts consciously aim to be accessible to a broad reading
audience of students andresearchers interested in the interaction of the subjects involved. We hope
that this volume serves as an enticing invitation to this emerging field.
  flag algebra: Algorithmic Algebraic Combinatorics and Gröbner Bases Mikhail Klin,
Gareth A. Jones, Aleksandar Jurisic, Mikhail Muzychuk, Ilia Ponomarenko, 2009-12-24 This collection
of tutorial and research papers introduces readers to diverse areas of modern pure and applied
algebraic combinatorics and finite geometries. There is special emphasis on algorithmic aspects and
the use of the theory of Gröbner bases.
  flag algebra: Arithmetic of Higher-Dimensional Algebraic Varieties Bjorn Poonen, Yuri
Tschinkel, 2012-12-06 One of the great successes of twentieth century mathematics has been the
remarkable qualitative understanding of rational and integral points on curves, gleaned in part
through the theorems of Mordell, Weil, Siegel, and Faltings. It has become clear that the study of
rational and integral points has deep connections to other branches of mathematics: complex
algebraic geometry, Galois and étale cohomology, transcendence theory and diophantine
approximation, harmonic analysis, automorphic forms, and analytic number theory. This text, which
focuses on higher dimensional varieties, provides precisely such an interdisciplinary view of the
subject. It is a digest of research and survey papers by leading specialists; the book documents
current knowledge in higher-dimensional arithmetic and gives indications for future research. It will
be valuable not only to practitioners in the field, but to a wide audience of mathematicians and
graduate students with an interest in arithmetic geometry.
  flag algebra: Forty Years Of Algebraic Groups, Algebraic Geometry, And Representation
Theory In China: In Memory Of The Centenary Year Of Xihua Cao's Birth Jie Du, Jianpan
Wang, Lei Lin, 2022-10-21 Professor Xihua Cao (1920-2005) was a leading scholar at East China
Normal University (ECNU) and a famous algebraist in China. His contribution to the Chinese
academic circle is particularly the formation of a world-renowned 'ECNU School' in algebra,
covering research areas include algebraic groups, quantum groups, algebraic geometry, Lie algebra,
algebraic number theory, representation theory and other hot fields. In January 2020, in order to
commemorate Professor Xihua Cao's centenary birthday, East China Normal University held a
three-day academic conference. Scholars at home and abroad gave dedications or delivered lectures
in the conference. This volume originates from the memorial conference, collecting the dedications
of scholars, reminiscences of family members, and 16 academic articles written based on the
lectures in the conference, covering a wide range of research hot topics in algebra. The book shows
not only scholars' respect and memory for Professor Xihua Cao, but also the research achievements



of Chinese scholars at home and abroad.
  flag algebra: Symmetry: Representation Theory and Its Applications Roger Howe, Markus
Hunziker, Jeb F. Willenbring, 2015-01-04 Nolan Wallach's mathematical research is remarkable in
both its breadth and depth. His contributions to many fields include representation theory, harmonic
analysis, algebraic geometry, combinatorics, number theory, differential equations, Riemannian
geometry, ring theory, and quantum information theory. The touchstone and unifying thread running
through all his work is the idea of symmetry. This volume is a collection of invited articles that pay
tribute to Wallach's ideas, and show symmetry at work in a large variety of areas. The articles,
predominantly expository, are written by distinguished mathematicians and contain sufficient
preliminary material to reach the widest possible audiences. Graduate students, mathematicians,
and physicists interested in representation theory and its applications will find many gems in this
volume that have not appeared in print elsewhere. Contributors: D. Barbasch, K. Baur, O.
Bucicovschi, B. Casselman, D. Ciubotaru, M. Colarusso, P. Delorme, T. Enright, W.T. Gan, A Garsia,
G. Gour, B. Gross, J. Haglund, G. Han, P. Harris, J. Hong, R. Howe, M. Hunziker, B. Kostant, H.
Kraft, D. Meyer, R. Miatello, L. Ni, G. Schwarz, L. Small, D. Vogan, N. Wallach, J. Wolf, G. Xin, O.
Yacobi.
  flag algebra: Extending Structures Ana Agore, Gigel Militaru, 2019-08-29 Extending
Structures: Fundamentals and Applications treats the extending structures (ES) problem in the
context of groups, Lie/Leibniz algebras, associative algebras and Poisson/Jacobi algebras. This
concisely written monograph offers the reader an incursion into the extending structures problem
which provides a common ground for studying both the extension problem and the factorization
problem. Features Provides a unified approach to the extension problem and the factorization
problem Introduces the classifying complements problem as a sort of converse of the factorization
problem; and in the case of groups it leads to a theoretical formula for computing the number of
types of isomorphisms of all groups of finite order that arise from a minimal set of data Describes a
way of classifying a certain class of finite Lie/Leibniz/Poisson/Jacobi/associative algebras etc. using
flag structures Introduces new (non)abelian cohomological objects for all of the aforementioned
categories As an application to the approach used for dealing with the classification part of the ES
problem, the Galois groups associated with extensions of Lie algebras and associative algebras are
described
  flag algebra: Determinants, Gröbner Bases and Cohomology Winfried Bruns, Aldo Conca,
Claudiu Raicu, Matteo Varbaro, 2022-12-02 This book offers an up-to-date, comprehensive account
of determinantal rings and varieties, presenting a multitude of methods used in their study, with
tools from combinatorics, algebra, representation theory and geometry. After a concise introduction
to Gröbner and Sagbi bases, determinantal ideals are studied via the standard monomial theory and
the straightening law. This opens the door for representation theoretic methods, such as the
Robinson–Schensted–Knuth correspondence, which provide a description of the Gröbner bases of
determinantal ideals, yielding homological and enumerative theorems on determinantal rings. Sagbi
bases then lead to the introduction of toric methods. In positive characteristic, the Frobenius functor
is used to study properties of singularities, such as F-regularity and F-rationality.
Castelnuovo–Mumford regularity, an important complexity measure in commutative algebra and
algebraic geometry, is introduced in the general setting of a Noetherian base ring and then applied
to powers and products of ideals. The remainder of the book focuses on algebraic geometry, where
general vanishing results for the cohomology of line bundles on flag varieties are presented and
used to obtain asymptotic values of the regularity of symbolic powers of determinantal ideals. In
characteristic zero, the Borel–Weil–Bott theorem provides sharper results for GL-invariant ideals.
The book concludes with a computation of cohomology with support in determinantal ideals and a
survey of their free resolutions. Determinants, Gröbner Bases and Cohomology provides a unique
reference for the theory of determinantal ideals and varieties, as well as an introduction to the
beautiful mathematics developed in their study. Accessible to graduate students with basic
grounding in commutative algebra and algebraic geometry, it can be used alongside general texts to



illustrate the theory with a particularly interesting and important class of varieties.
  flag algebra: Polytopes and Discrete Geometry Gabriel Cunningham, Mark Mixer, Egon
Schulte, 2021-04-06 The papers showcase the breadth of discrete geometry through many new
methods and results in a variety of topics. Also included are survey articles on some important areas
of active research. This volume is aimed at researchers in discrete and convex geometry and
researchers who work with abstract polytopes or string C C-groups. It is also aimed at early career
mathematicians, including graduate students and postdoctoral fellows, to give them a glimpse of the
variety and beauty of these research areas. Topics covered in this volume include: the
combinatorics, geometry, and symmetries of convex polytopes; tilings; discrete point sets; the
combinatorics of Eulerian posets and interval posets; symmetries of surfaces and maps on surfaces;
self-dual polytopes; string C C-groups; hypertopes; and graph coloring.
  flag algebra: Open Problems in Algebraic Combinatorics Christine Berkesch, Benjamin
Brubaker, Gregg Musiker, Pavlo Pylyavskyy, Victor Reiner, 2024-08-21 In their preface, the editors
describe algebraic combinatorics as the area of combinatorics concerned with exact, as opposed to
approximate, results and which puts emphasis on interaction with other areas of mathematics, such
as algebra, topology, geometry, and physics. It is a vibrant area, which saw several major
developments in recent years. The goal of the 2022 conference Open Problems in Algebraic
Combinatorics 2022 was to provide a forum for exchanging promising new directions and ideas. The
current volume includes contributions coming from the talks at the conference, as well as a few
other contributions written specifically for this volume. The articles cover the majority of topics in
algebraic combinatorics with the aim of presenting recent important research results and also
important open problems and conjectures encountered in this research. The editors hope that this
book will facilitate the exchange of ideas in algebraic combinatorics.
  flag algebra: Semi-Infinite Highest Weight Categories Jonathan Brundan, Catharina Stroppel,
2024-02-01 View the abstract.
  flag algebra: The Mathematics of Paul Erdős II Ronald L. Graham, Jaroslav Nešetřil, Steve
Butler, 2013-08-04 This is the most comprehensive survey of the mathematical life of the legendary
Paul Erdős (1913-1996), one of the most versatile and prolific mathematicians of our time. For the
first time, all the main areas of Erdős' research are covered in a single project. Because of
overwhelming response from the mathematical community, the project now occupies over 1000
pages, arranged into two volumes. These volumes contain both high level research articles as well as
key articles that survey some of the cornerstones of Erdős' work, each written by a leading world
specialist in the field. A special chapter Early Days, rare photographs, and art related to Erdős
complement this striking collection. A unique contribution is the bibliography on Erdős' publications:
the most comprehensive ever published. This new edition, dedicated to the 100th anniversary of
Paul Erdős' birth, contains updates on many of the articles from the two volumes of the first edition,
several new articles from prominent mathematicians, a new introduction, and more biographical
information about Paul Erdős with an updated list of publications. The second volume contains
chapters on graph theory and combinatorics, extremal and Ramsey theory, and a section on infinity
that covers Erdős' research on set theory. All of these chapters are essentially updated, particularly
the extremal theory chapter that contains a survey of flag algebras, a new technique for solving
extremal problems.
  flag algebra: Isomorphisms, Symmetry and Computations in Algebraic Graph Theory Gareth A.
Jones, Ilia Ponomarenko, Jozef Širáň, 2020-01-10 This book consists of a selection of peer-reviewed
contributions to the Workshop on Algebraic Graph Theory that took place in Pilsen, Czech Republic
in October 2016. Primarily intended for early career researchers, it presents eight self-contained
articles on a selection of topics within algebraic combinatorics, ranging from association schemes to
symmetries of graphs and isomorphism testing. Algebraic combinatorics is a compelling
mathematical discipline based on the powerful interplay of algebraic and combinatorial methods.
Algebraic interpretation of combinatorial structures (such as symmetry or regularity) has often led
to enlightening discoveries and powerful results, while discrete and combinatorial structures have



given rise to new algebraic structures that have found valuable applications. In addition to these
original research contributions, the reader will find a survey linking numerous threads in algebraic
combinatorics, and an extensive tutorial showcasing the universality of algebraic methods in the
study of combinatorial structures.
  flag algebra: Geometry of Low-dimensional Manifolds: Gauge theory and algebraic
surfaces S. K. Donaldson, Charles Benedict Thomas, 1990 This volume is based on lecture courses
and seminars given at the LMS Durham Symposium on the geometry of low-dimensional manifolds.
This area has been one of intense research during the 1990s, with major breakthroughs that have
illuminated the way a number of different subjects interact (for example: topology, differential and
algebraic geometry and mathematical physics). The workshop brought together a number of
distinguished figures to give lecture courses and seminars in these subjects; the volume that has
resulted is the only expository source for much of the material, and will be essential for all research
workers in geometry and mathematical physics.
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