Babeş–Bolyai University, Cluj–Napoca

Faculty of Mathematics and Computer Science

Academic year 2005-2006

Semester I

I. General information on the course, seminar

Title: Algebra (Computer Science - English)

Code: MML0002

Number of credits: 6

Place: 

Schedule:  

II. Information on the teachers

Name, position: Course : Septimiu Crivei, assoc. prof. dr., Seminar : Camelia Dicu, teaching asisst. drd., Dan Salajan, drd. 

Contact information: crivei@math.ubbcluj.ro, cdicu@math.ubbcluj.ro
Wednesday 10-12 Chair of Algebra, Str. Ploiesti 25.

III. Description of the course: 

Aims: 

- To introduce to the basic notions of linear algebra. Students will recognize the structures of vector spaces, subspaces and linear maps. They will calculate the dimension of a vector space, will use various methods to determine bases and dimensions. 

- To present basic properties of matrices and applications of the calculus with matrices. Students will calculate the rank and the inverse of a matrix with various methods, making use especially of elementary operations. 

- The techniques for vector spaces will be applied to solving linear systems of equations. Quadratic forms will be reduced to the canonical form. 

- To present an introduction to coding theory, more precisely to linear codes, as an application of the previously studied theory. Students will construct and decode linear codes. 

Contents:

1. Preliminary notions. Functions. Equivalence relations and partitions. Groups. Rings and fields. Substructures. Homomorphisms.

2. Vector spaces.  Definition of a vector space, examples. Subspaces. Linear maps. Linear dependence and independence. The exchange theorem (Steinitz). Bases.  Dimension and related formulas. 

3. Matrices and linear systems of equations. Elementary operations. Matrices and determinants. Rank and inverse of a matrix. Matrix of a linear map. Change of basis. Systems of linear equations, solving methods. Eigenvectors and eigenvalues. Bilinear and quadratic forms. Reduction of quadratic forms to the canonical form.

4. Introduction to coding theory. Linear codes. Examples. Generator matrix and parity-check matrix. Decoding linear codes.

IV. Compulsory bibliography:

1. Both, N., Crivei, S., Culegere de probleme de algebra, Lito UBB Cluj-Napoca, 1996. 

2. Covaci, R., Algebra si programare liniara, Lito UBB, Cluj-Napoca, 1986.

3. Crivei, S., Basic abstract algebra, Casa Cartii de Stiinta, Cluj-Napoca, 2002, 2003.

4. Gherghe, C., Popescu, D., Criptografie. Coduri. Algoritmi, Editura Univ. Bucuresti, 2005. 

V. Materials used during the teaching process:

N/A.

VI. Schedule of lectures:

Week 1: Functions. Equivalence relations and partitions.

Key words: function, injective function, surjective function, bijective function, relation, equivalence relation, partition.

Week 2: Binary operations. Groups, subgroups, group homomorphisms. 

Key words: binary operation, semigroup, monoid, group, subgroup.

Week 3: Rings and fields, subrings and subfields, ring homomorphisms. 


Key words: ring, subring, field, subfield, homomorphism.

Week 4: Vector spaces, examples. Subspaces. Linear maps. 

Key words: vector space, vector, scalar, subspace, generated subspace, linear map. 

Week 5: Linear dependence and independence. Bases, dimension. The exchange theorem (Steinitz).

Key words: list of vectors, linearly dependent (independent) vectors, basis, the exchange theorem (Steinitz), dimension.  

Week 6: Bases and coordinates. Dimension related formulas. 


Key words: substitution, dimension, kernel, image, sum of subspaces.

Week 7: Elementary operations. Matrices and determinants.


Key words: elementary operation, matrix, determinant.

Week 8: Rank and inverse of a matrix. Matrix of a list of vectors.


Key words: rank of a matrix, inverse of a matrix, matrix of a list.

Week 9: Matrix of a linear map. Change of basis.


Key words: matrix of a linear map, change matrix.

Week 10: Systems of linear equations, solving methods.

Key words: system of linear equations, compatibility, Cramer method, Gauss method.

Week 11: Eigenvectors and eigenvalues.

Key words: eigenvector, eigenvalue, eigenspace, diagonalizable matrix.

Week 12: Bilinear and quadratic forms. Reduction of quadratic forms to the canonical form.

Key words: bilinear form, quadratic form, canonical form, inertia theorem.

Week 13: Linear codes, examples. Generator matrix and parity-check matrix.

Key words: code, Hamming distance, linear code, generator matrix, parity-check matrix.

Week 14: Decoding linear codes. 


Key words: decoding, syndrome.

The relevant part of the compulsory bibliography:

For Chapter 1 of the course: [2] pp.1-45, [3] pp. 1-28.

For Chapter 2 of the course: [2] pp. 46-86, [3] Chapter 3.

For Chapter 3 of the course: [2] pp. 87-150, [3] Chapter 4.

For Chapter 4 of the course: [4] pp. 103-112, pp. 139-147.

For the seminar: [1] Chapters 1, 2, 3 and 4. 

VII. Evaluation:

Written test and written final exam. The test (optional) has 1 hour and consists of problems on the first 2 chapters. The final exam has 1.5 hours for the students for which the test is considered, respectively 2.5 hours for the others. The final grade is computed as follows: N=1+L+E, where N= the final grade, L= the grade from the test or the grade from the exam for the subjects corresponding to the topic of the test (max. 4), E= the grade from the exam (max. 5).
VIII. Organizing details, exceptional situations:

Copying during the exam has as consequence the grade 1(one). Appeals are made personally or by e-mail within 24 hours of the announcement of the final grades.

IX. Optional bibliography:

1. Both, N., Algebra, Lito UBB, Cluj-Napoca, 1996.

2. Calugareanu, G., Lectii de algebra liniara, Lito UBB, Cluj-Napoca, 1995.

4. Gilbert, J., Gilbert, L., Elements of modern algebra, PWS-Kent, Boston, 1992.

5. Gilbert W.J., Nicholson, W.K., Modern algebra with applications, John Wiley, 2004.

6. Lidl, R., Pilz, G., Applied abstract algebra, Springer-Verlag, 1998.

7. Purdea, I., Pelea, C., Probleme de algebra, Editura EFES, Cluj-Napoca, 2005.

8. Purdea, I., Pop, I., Algebra, Editura GIL, Zalau, 2003.

9.Udriste, C. si colectiv, Algebra, geometrie si ecuatii diferentiale, Editura Didactica si Pedagogica, Bucuresti, 1982.
