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89-215:Advanced Course in Algebraic Structures
Number of hours: 2+1
Lecturer: Prof. Eugene Plotkin
1. Goal and Introduction:

The goal of the course is to introduce the algebraic structures which have applications in computer science. The main focus is on principal notions which allow to conduct the leading ideas through the different realizations.
2. Class Meetings:  lectures + exercises
3. Syllabus:
	Details
	Subject
	Meeting

	Sets, operations, relations. Main algebraic structures. Algebras. Semigroups, monoids, groups, rings, fields, skew fields, linear spaces.
	Main structures

	1

	Congruences, normal subgroups, ideals, homomorphisms, kernels. Direct products. Quotient algebras, quotient groups, quotient rings. Isomorphism theorem.
	Quotient algebras
 
	2

	Varieties, identities, defining relations. Free algebra, free group. Theorem: the free group is linear. 
	Free algebras
	3-4

	Representations of groups. Orbits, stabilizers. Theorem on a center of a p-group. Direct and semidirect products. Wreath products.
	Representations 
	5-6

	Algebraic automata. Triggers. Cascade connection of automata. Crohn-Rhodes theorem (without proof). Crohn-Rhodes complexity.
	Algebraic automata

	7-8

	Category theory. Objects, morphisms, examples of categories. Category of sets. Epimorphisms and monomorphiosms. Functors. Examples. Forgetting  functor. Representing functor. Natural transformation of functors. Isomorphism of categories. Universal objects in categories. Examples: direct product, free product.
	Category theory

	9-11

	Ring theory. Commutative and non-commutative rings. Examples: integers, matrices, quaternions.  Prime and maximal ideals. Integral domains.  Isomorphism theorem. Direct products. Chinese residues theorem. Idempotent and nilpotent elements. Nil radical and Jacobson radical. Semisimple rings. Localization. Examples.
	Rings
	12-14


4. Course Requirements: exercises 
5. Preliminary course requirements: 
Tasks: Final grade: 100% exam
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Material included on the Exam: close book
