References

[1] M.J. Ablowitz and H. Segur. Solitons and the Inverse Scattering Transform. SIAM Studies in Applied Mathematics. SIAM, Philadelphia, 1981.

[2] R. Abraham, J.E. Marsden, and T. Ratiu. Manifolds, Tensor Analysis, and Applications. Applied Mathematical Sciences 75. Springer- Verlag, New York, 1988.

[3] M. Abramowitz and I. Stegun, editors. Handbook of Mathematical Functions. Dover, New York, 1965.

[4] W.W. Adams and P. Loustaunau. An Introduction to Gröbner Bases.

Graduate Studies in Mathematics 3. AMS, Providence, 1994. [5] D.V. Alekseevskij, A.M. Vinogradov, and V.V. Lychagin. Basic ideas and concepts of differential geometry. In R.V. Gamkrelidze, editor, Geometry I, Encyclopaedia of Mathematical Sciences 28, pages 1–264. Springer-Verlag, Berlin, 1991.

[6] A.M. Ampère. Considérations Générales sur les Intégrales des Équations aux Différentielles Partielles. J. École Polytéchnique, 10:549– 611, 1815.

[7] J. Apel. The computation of Gröbner bases using an alternative algorithm. In M. Bronstein, J. Grabmeier, and V. Weispfenning, editors, Symbolic Rewriting Techniques, Progress in Computer Science and Applied Logic 15, pages 35–45. Birkhäuser, Basel, 1998.

[8] J. Apel. Theory of involutive divisions and an application to Hilbert function computations. J. Symb. Comput., 25:683–704, 1998.

[9] V.I. Arnold. Mathematical Methods of Classical Mechanics. Graduate Texts in Mathematics 60. Springer-Verlag, New York, 1978.

[10] U.M. Ascher, H. Chin, and S. Reich. Stabilization of DAEs and invariant manifolds. Num. Math., 67:131–149, 1994.

[11] A.V. Bäcklund. Zur Theorie der partiellen Differentialgleichungen erster Ordnung. Math. Ann., 17:285–328, 1880.

[12] K. Baclawski and A.M. Garsia. Combinatorial decompositions of rings.

Adv. Math., 39:155–184, 1981.

[13] D. Bayer and D. Mumford. What can be computed in algebraic geometry? In D. Eisenbud and L. Robbiano, editors, Computational Algebraic Geometry and Commutative Algebra, Symposia Mathematica 34, pages 1–48. Cambridge University Press, Cambridge, 1993.

[14] D. Bayer and M. Stillman. A criterion for detecting m-regularity. Invent. Math., 87:1–11, 1987.

[15] Th. Becker and V. Weispfenning. Gröbner Bases. Springer-Verlag, New York, 1993.

[16] J. Belanger, M. Hausdorf, and W.M. Seiler. A MuPAD library for differential equations. In V.G. Ghanza, E.W. Mayr, and E.V. Vorozhtsov, editors, Computer Algebra in Scientific Computing — CASC 2001, pages 25–42. Springer-Verlag, Berlin, 2001.

[17] I.N. Bernstein and B.I. Rosenfeld. Homogeneous spaces of infinite Lie algebras and characteristic classes of foliations. Uspekhi Mat. Nauk, 28:103–138, 1973.

[18] L.J. Billera, R. Cushman, and J.A. Sanders. The Stanley decomposition of the harmonic oscillator. Indagat. Math., 50:375–394, 1988.

[19] J.E. Björk. Analytical D-Modules and Applications. Mathematics and Its Applications 247. Kluwer, Dordrecht, 1993.

[20] G.W. Bluman and S. Kumei. Symmetries and Differential Equations.

Applied Mathematical Sciences 81. Springer-Verlag, New York, 1989. [21] W.M. Boothby. An Introduction to Differentiable Manifolds and Riemannian Geometry. Pure and Applied Mathematics 120. Academic Press, Orlando, 1986.

[22] A. Borel, editor. Algebraic D-Modules. Perspectives in Mathematics 2.

Academic Press, Boston, 1987.

[23] F. Boulier, D. Lazard, F. Ollivier, and M. Petitot. Representation for the radical of a finitely generated differential ideal. In A.H.M. Levelt, editor, Proc. ISSAC ’95, pages 158–166. ACM Press, New York, 1995.

[24] F. Brandt. Bäcklund transformations and zero-curvature representations of systems of partial differential equations. J. Math. Phys., 35: 2463–2484, 1994.

[25] K.E. Brenan, S.L. Campbell, and L.R. Petzold. Numerical Solution of Initial-Value Problems in Differential-Algebraic Equations. Classics in Applied Mathematics 14. SIAM, Philadelphia, 1996.

[26] M. Bronstein and M. Petkovšek. An introduction to pseudo-linear algebra. Theor. Comp. Sci., 157:3–33, 1996.

[27] R.L. Bryant, S.S. Chern, R.B. Gardner, H.L. Goldschmidt, and P.A.

Griffiths. Exterior Differential Systems. Mathematical Sciences Research Institute Publications 18. Springer-Verlag, New York, 1991.

[28] B. Buchberger. Ein Algorithmus zum Auffinden der Basiselemente des Restklassenringes nach einem nulldimensionalen Polynomideal. PhD thesis, Universität Innsbruck, 1965.

[29] R. Burman. On the strengths of field equations. Czech. J. Phys. B, 27:113–116, 1977.

[30] S.L. Campbell and C.W. Gear. The index of general nonlinear DAEs.

Numer. Math., 72:173–196, 1995.

[31] S.L. Campbell and W. Marszalek. The index of an infinite dimensional implicit system. Math. Model. Syst., 1:1–25, 1996.

[32] C. Carathéodory. Variationsrechnung und Partielle Differentialgleichungen erster Ordnung, Band I. Teubner, Leipzig, 1956.

[33] E. Cartan. Les Systèmes Différentielles Extérieurs et leurs Applications Géométriques. Hermann, Paris, 1945.

[34] E. Cartan and A. Einstein. Lettres sur la Parallélisme Absolue 1929– 1932, edited by R. Debever. Palais des Académies, Bruxelles, 1979.

[35] A. Cauchy. Mémoire sur l’application du calcul des limites à l’intégration d’un système d’ équations aux dérivées partielles. In Œuvres Complètes d’Augustin Cauchy, Série I, Tome VII, pages 33–49. Gauthier-Villars, 1892. (Original: Compt. Rend. Acad. Sci., t. XV (1842), p. 85).

[36] A. Cauchy. Mémoire sur l’emploi du calcul des limites dans l’intégration des équations aux dérivées partielles. In Œuvres Complètes d’Augustin Cauchy, Série I, Tome VII, pages 17–33. Gauthier- Villars, 1892. (Original: Compt. Rend. Acad. Sci., t. XV (1842), p. 44).

[37] A. Cauchy. Mémoire sur les systèmes d’équations aux dérivées partielles d’ordres quelconques, et sur leur réduction à des systèmes d’équations linéaires du premier ordre. In Œuvres Complètes d’Augustin Cauchy, Série I, Tome VII, pages 52–58. Gauthier-Villars, 1892. (Original: Compt. Rend. Acad. Sci., t. XV (1842), p. 131).

[38] J. Chrastina. The Formal Theory of Differential Equations. Folia Mathematica 6. Masaryk University, Brno, 1998.

[39] S.C. Coutinho. A Primer of Algebraic D-Modules. London Mathematical Society Student Texts 33. Cambridge University Press, 1995.

[40] D. Cox, J. Little, and D. O’Shea. Ideals, Varieties, and Algorithms. Undergraduate Texts in Mathematics. Springer-Verlag, New York, 1992.

[41] D. Cox, J. Little, and D. O’Shea. Using Algebraic Geometry. Graduate Texts in Mathematics 185. Springer-Verlag, New York, 1998.

[42] M. Dubois-Violette. The theory of overdetermined linear systems and its applications to non-linear field equations. J. Geom. Phys., 1:139– 172, 1984.

[43] C. Ehresmann. Introduction à la théorie des structures infinitésimals es des pseudo-groupes de Lie. In Géométrie Différentielle, Colloq. Intern. Centre Nat. Rech. Sci. 52, pages 97–110. CNRS, Paris, 193.

[44] C. Ehresmann. Les prolongements d’une variété différentiable. Comp.

Rend. Acad. Sci., 233:598–600, 777–779, 1081–1083, 1951. [45] C. Ehresmann. Les prolongements d’une variété différentiable. Comp.

Rend. Acad. Sci., 234:1028–1030, 1424–1425, 1951.

[46] A. Einstein. The Meaning of Relativity. Princeton University Press, Princeton, 5th edition, 1956.

[47] D. Eisenbud. Commutative Algebra with a View Toward Algebraic Geometry. Graduate Texts in Mathematics 150. Springer-Verlag, New York, 1995.

[48] D. Eisenbud and S. Goto. Linear free resolutions and minimal multiplicity. J. Alg., 88:89–133, 1984.

[49] S. Eliahou and M. Kervaire. Minimal resolutions of some monomial ideals. J. Algebra, 129:1–25, 1990.

[50] D. Fesser, D. Saller, and W.M. Seiler. A differential equations approach to Hamiltonian systems. Preprint Universität Mannheim, 2001.

[51] A. Finzi. Sur les Systèmes d’Équations aux Derivées Partielles qui, comme les Systèmes Normaux, Comportent Autant d’Équations que de Fonctions Inconnues. Proc. Kon. Neder. Akad. v. Wetenschappen, 50:136–142, 143–150, 288–297, 351–356, 1947.

[52] A.R. Forsyth. Theory of Differential Equations II: Ordinary Equations, Not Linear. Cambridge University Press, Cambridge, 1900.

[53] A.R. Forsyth. Theory of Differential Equations III: Ordinary Equations, Not Linear. Cambridge University Press, Cambridge, 1900.

[54] K. Gatermann. Computer Algebra Methods for Equivariant Dynamical Systems. Lecture Notes in Mathematics 1728. Springer-Verlag, Berlin, 2000.

[55] V.P. Gerdt. Completion of linear differential systems to involution.

In V.G. Ghanza, E.W. Mayr, and E.V. Vorozhtsov, editors, Computer Algebra in Scientific Computing — CASC 1999, pages 115–137. Springer-Verlag, Berlin, 1999.

[56] V.P. Gerdt and Yu.A. Blinkov. Involutive bases of polynomial ideals.

Math. Comp. Simul., 45:519–542, 1998.

[57] V.P. Gerdt and Yu.A. Blinkov. Minimal involutive bases. Math. Comp.

Simul., 45:543–560, 1998.

[58] V.P. Gerdt, Yu.A. Blinkov, and D.A. Yanovich. Construction of Janet bases I: Monomial bases. In V.G. Ghanza, E.W. Mayr, and E.V. Vorozhtsov, editors, Computer Algebra in Scientific Computing — CASC 2001, pages 233–247. Springer-Verlag, Berlin, 2001.

[59] V.P. Gerdt, Yu.A. Blinkov, and D.A. Yanovich. Construction of Janet bases II: Polynomial bases. In V.G. Ghanza, E.W. Mayr, and E.V. Vorozhtsov, editors, Computer Algebra in Scientific Computing — CASC 2001, pages 249–263. Springer-Verlag, Berlin, 2001.

[60] A. Giovani, T. Mora, G. Niesi, L. Robbiano, and C. Traverso. “One sugar cube, please” or selection strategies in the Buchberger algorithm. In S.M. Watt, editor, Proc. ISSAC ’91, pages 49–54. ACM Press, New York, 1991.

[61] M. Golubitsky and V. Guillemin. Stable Mappings and Their Singularities. Graduate Texts in Mathematics 14. Springer-Verlag, New York, 1973.

[62] M.J. Gotay, J. Isenberg, and J.E. Marsden. Momentum maps and classical relativistic fields I: Covariant field theory. Preprint physics/9801019, 1998.

[63] E. Goursat. Cours d’Analyse Mathématique, volume II. Gauthier- Villars, Paris, 1942.

[64] R.L. Graham, D.E. Knuth, and O. Patashnik. Concrete Mathematics.

Addison-Wesley, Reading, 1989.

[65] W. Gröbner. Moderne Algebraische Geometrie. Springer-Verlag, Wien, 1949.

[66] J. Hadamard. Lectures on Cauchy’s Problem in Linear Partial Differential Equations. Dover, New York, 1952.

[67] E. Hairer, C. Lubich, and M. Roche. The Numerical Solution of Differential-Algebraic Equations by Runge-Kutta Methods. Lecture Notes in Mathematics 1409. Springer-Verlag, Berlin, 1989.

[68] E. Hairer and G. Wanner. Solving Ordinary Differential Equations II. Springer Series in Computational Mathematics 14. Springer- Verlag, Berlin, 1996.

[69] D.H. Hartley and R.W. Tucker. A constructive implementation of the Cartan-Kähler theory of exterior differential systems. J. Symb. Comp., 12:655–667, 1991.

[70] M. Hausdorf. Geometrisch-Algebraische Vervollständigung Allgemeiner Systeme von Differentialgleichungen. Master’s thesis, Fakultät für Informatik, Universität Karlsruhe, 2000.

[71] M. Hausdorf and W.M. Seiler. An efficient algebraic algorithm for the geometric completion to involution. Preprint Universität Mannheim, 2000.

[72] M. Hausdorf and W.M. Seiler. Perturbation versus differentiation indices. In V.G. Ghanza, E.W. Mayr, and E.V. Vorozhtsov, editors, Computer Algebra in Scientific Computing — CASC 2001, pages 323–337. Springer-Verlag, Berlin, 2001.

[73] M. Hausdorf, W.M. Seiler, and R. Steinwandt. Involutive bases in the Weyl algebra. Preprint Universität Mannheim, 2001.

[74] W. Hereman. Review of symbolic software for the computation of Lie symmetries of differential equations. Euromath Bull., 2:45–82, 1994.

[75] W. Hereman. Symbolic software for Lie symmetry analysis. In N.H.

Ibragimov, editor, CRC Handbook of Lie Group Analysis of Differential Equations, Volume 3: New Trends in Theoretical Development and Computational Methods, chapter 13. CRC Press, Boca Raton, Florida, 1995.

[76] R. Hermann. The Geometry of Non-Linear Differential Equations, Bäcklund Transformations, and Solitons, Part A. Interdisciplinary Mathematics XII. Math Sci Press, Brookline, 1976.

[77] D. Hilbert. Über die Theorie der algebraischen Formen. Math. Ann., 36:473–534, 1890.

[78] C. Hoenselaers. The strength of a system of differential equations.

Prog. Theor. Phys., 58:1185–1190, 1977.

[79] E. Holmgren. Über Systeme von linearen, partiellen Differentialgleichungen. Ofversigt af kongl. Vetenskapsakad. Förh., 58:91–103, 1901.

[80] E. Hubert. The general solution of an ordinary differential equation. In Y.N. Lakshman, editor, Proc. ISSAC ’96, pages 189–195. ACM Press, New York, 1996.

[81] E. Hubert. Detecting degenerate behaviors in first order algebraic differential equations. Theor. Comp. Sci., 187:7–25, 1997.

[82] J.M. Hyman and M. Shashkov. Mimetic discretizations for Maxwell’s equations. J. Comp. Phys., 151:881–909, 1999.

[83] M. Janet. Sur les Systèmes d’Équations aux Dérivées Partielles. J.

Math. Pure Appl., 3:65–151, 1920.

[84] M. Janet. Leçons sur les Systèmes d’Équations aux Dérivées Partielles. Cahiers Scientifiques, Fascicule IV. Gauthier-Villars, Paris, 1929.

[85] F. John. Partial Differential Equations. Applied Mathematical Sciences 1. Springer-Verlag, New York, 1982.

[86] H.H. Johnson. Classical differential invariants and applications to partial differential equations. Math. Ann., 148:308–329, 1962.

[87] E. Kähler. Einführung in die Theorie der Systeme von Differentialgleichungen. Teubner, Leipzig, 1934.

[88] A. Kandry-Rody and V. Weispfenning. Non-commutative Gröbner bases in algebras of solvable type. J. Symb. Comp., 9:1–26, 1990.

[89] I. Kaplansky. An Introduction to Differential Algebra. Hermann, Paris, 1957.

[90] D.E. Knuth and P.B. Bendix. Simple word problems in universal algebras. In J. Leech, editor, Computational Problems in Abstract Algebra, pages 263–297. Pergamon, Oxford, 1970.

[91] S. Kobayashi and K. Nomizu. Foundations of Differential Geometry, volume 1. Interscience Publisher, New York, 1963.

[92] S. Kobayashi and K. Nomizu. Foundations of Differential Geometry, volume 2. Interscience Publisher, New York, 1963.

[93] E.R. Kolchin. Differential Algebra and Algebraic Groups. Academic Press, New York, 1973.

[94] M.V. Kondratieva, A.B. Levin, A.V. Mikhalev, and E.V. Pankratiev.

Differential and Difference Dimension Polynomials. Mathematics and its Applications 461. Kluwer, Dordrecht, 1999.

[95] S. Kowalevsky. Zur Theorie der partiellen Differentialgleichungen. J.

Reine Angew. Math., 80:1–32, 1875.

[96] I.S. Krasilshik, V.V. Lychagin, and A.M. Vinogradov. Geometry of Jet Spaces and Nonlinear Partial Differential Equations. Gordon & Breach, New York, 1986.

[97] H. Kredel and V. Weispfenning. Computing dimension and independent sets for polynomial ideals. J. Symb. Comp., 6:231–247, 1988.

[98] H.-O. Kreiss and J. Lorenz. Initial-Boundary Value Problems and the Navier-Stokes Equations. Pure and Applied Mathematics 136. Academic Press, Boston, 1989.

[99] M. Kreuzer and L. Robbiano. Computational Commutative Algebra 1. Springer-Verlag, Berlin, 2000.

[100] P. Kunkel and V. Mehrmann. Canonical forms for linear differentialalgebraic equations with variable coefficients. J. Comp. Appl. Math., 56:225–251, 1994.

[101] P. Kunkel and V. Mehrmann. A new look at pencils of matrix valued functions. Lin. Alg. Appl., 212/213:215–248, 1994.

[102] S. Lang. Algebra. Addison-Wesley, Reading, 1984.

[103] S. Lang. Fundamentals of Differential Geometry. Graduate Texts in Mathematics 191. Springer-Verlag, New York, 1999.

[104] G. Le Vey. Differential algebraic equations: A new look at the index.

Rapport de Recherche 2239, INRIA Rennes, 1994.

[105] G. Le Vey. Some remarks on solvability and various indices for implicit differential equations. Num. Algo., 19:127–145, 1998.

[106] H. Lewy. An example of a smooth linear partial differential equation without solution. Ann. Math., 66:155–158, 1957.

[107] S. Lie and F. Engel. Theorie der Transformationsgruppen, volume 1.

Teubner, Leipzig, 1888.

[108] W. Lucht and K. Strehmel. Discretization based indices for semilinear partial differential algebraic equations. Appl. Num. Math., 28:371– 386, 1998.

[109] W. Lucht, K. Strehmel, and C. Eichler-Liebenow. Indexes and special discretization methods for linear partial differential algebraic equations. BIT, 39:484–512, 1999.

[110] F.S. Macaulay. Some properties of enumeration in the theory of modular systems. Proc. London Math. Soc., 26:531–555, 1927.

[111] D. Mall. On the relation between Gröbner and Pommaret bases. Appl.

Alg. Eng. Comm. Comp., 9:117–123, 1998.

[112] E.L. Mansfield. Differential Gröbner Bases. PhD thesis, Macquarie University, Sydney, 1991.

[113] E.L. Mansfield. A simple criterion for involutivity. J. London Math.

Soc., 54:323–345, 1996.

[114] K.H. Mariwalla. Applications of the concept of strength of a system of partial differential equations. J. Math. Phys., 15:468–473, 1974.

[115] N.F.J. Matthews. On the strength of Maxwell’s equations. J. Math.

Phys., 28:810–814, 1987.

[116] N.F.J. Matthews. The strength of Einstein’s equations. Gen. Rel.

Grav., 24:17–33, 1992.

[117] A. Mayer. Über unbeschränkt integrable Systeme von linearen totalen Differentialgleichungen. Math. Ann., 5:448–470, 1872.

[118] E.W. Mayr. Membership in polynomial ideals over Q is exponential space complete. In B. Monien and R. Cori, editors, Theoretical Aspects of Computer Science — STACS ’89, Lecture Notes in Computer Science 349, pages 400–406. Springer-Verlag, 1989.

[119] E.W. Mayr. Some complexity results for polynomial ideals. J. Compl., 13:303–325, 1997.

[120] E.W. Mayr and A.R. Meyer. The complexity of the word problems for commutative semigroups and polynomial ideals. Adv. Math., 46: 305–329, 1982.

[121] G. Mendella, G. Marmo, and W.M. Tulczyjew. Integrability of implicit differential equations. J. Phys. A: Math. Gen., 28:149–163, 1995.

[122] C. Méray and C. Riquier. Sur la convergence des développements des intégrales ordinaires d’un système d’équations différentielles partielles. Ann. Sci. Ec. Norm. Sup., 7:23–88, 1890.

[123] B. Mishra. Algorithmic Algebra. Texts and Monographs in Computer Science. Springer-Verlag, New York, 1993.

[124] S. Mizohata. On the Cauchy-Kowalewski theorem. In L. Nachbin, editor, Mathematical Analysis and Applications, Part B, Advances in Mathematics Supplementary Studies 7B, pages 617–652. Academic Press, New York, 1981.

[125] M. Modugno. Covariant quantum mechanics. Unpublished manuscript, Dept. of Mathematics, University of Florence, 1999.

[126] M.C. Muñoz-Lecanda and N. Román-Roy. Implicit quasilinear differential systems: A geometrical approach. Electr. J. Diff. Eqs., 1999. Paper No. 10.

[127] G.L. Murphy. On the strength of Einstein’s unified field equations. Int.

J. Theor. Phys., 18:323–327, 1979.

[128] U. Oberst. Multidimensional constant linear systems. Acta Appl.

Math., 20:1–175, 1990.

[129] P.J. Olver. Applications of Lie Groups to Differential Equations.

Graduate Texts in Mathematics 107. Springer-Verlag, New York, 1986. [130] O. Ore. Theory of non-commutative polynomials. Ann. Math., 34:

480–508, 1933.

[131] M.S. Osborne. Basic Homological Algebra. Graduate Texts in Mathematics 196. Springer-Verlag, New York, 2000.

[132] R.S. Palais. Seminar on the Atiyah-Singer Index Theorem. Annals of Mathematical Studies 57. Princeton University Press, Princeton, 1965.

[133] V.P. Palamodov. Linear Differential Operators with Constant Coefficients. Grundlehren der mathematischen Wissenschaften 168. Springer-Verlag, Berlin, 1970.

[134] A. Pazy. Semigroups of Linear Operators and Applications to Partial Differential Equations. Applied Mathematical Sciences 44. Springer-Verlag, New York, 1983.

[135] R. Penney. On the dimensionality of the real world. J. Math. Phys., 6:1607–1611, 1965.

[136] O.-P. Piirilä and J. Tuomela. Differential-algebraic systems and formal integrability. Research Report A326, Helsinki University of Technology, Institute of Mathematics, 1993.

[137] F.A.E. Pirani, D.C. Robinson, and W.F. Shadwick. Local Jet Bundle Formulation of Bäcklund Transformations. Mathematical Physics Studies 1. Reidel, Dordrecht, 1979.

[138] J.W. Polderman and J.C. Willems. Introduction to Mathematical Systems Theory. Texts in Applied Mathematics 26. Springer-Verlag, New York, 1998.

[139] J.F. Pommaret. Systems of Partial Differential Equations and Lie Pseudogroups. Gordon & Breach, London, 1978.

[140] J.F. Pommaret. Partial Differential Equations and Group Theory.

Kluwer, Dordrecht, 1994.

[141] J.F. Pommaret. Einstein equations do not admit a generic potential.

In J. Janyska, I. Kolár, and J. Slovák, editors, Proc. 6^{th} International Conference on Differential Geometry and Applications. Dept. of Mathematics, Masaryk University, Brno, Czech Republic, 1995. (electronically available at www.emis.de/proceedings/6ICDGA).

[142] J.F. Pommaret and A. Quadrat. Generalized Bezout identity. Appl.

Alg. Eng. Comm. Comp., 9:91–116, 1998.

[143] J.F. Pommaret and A. Quadrat. A formal approach to optimal control.

Rapport de Recherche 1999-166, CERMICS, École Nationale des Ponts et Chaussées, Marne-la-Vallée, 1999.

[144] P.J. Rabier and W.C. Rheinboldt. A geometric treatment of implicit differential algebraic equations. J. Diff. Eq., 109:110–146, 1994.

[145] D. Rees. A basis theorem for polynomial modules. Proc. Cambridge Phil. Soc., 52:12–16, 1956.

[146] S. Reich. On an existence and uniqueness theory for nonlinear differential-algebraic equations. Circ. Sys. Sig. Proc., 10:343–359, 1991.

[147] G.J. Reid. Algorithms for reducing a system of PDEs to standard form, determining the dimension of its solution space and calculating its Taylor series solution. Eur. J. Appl. Math., 2:293–318, 1991.

[148] G.J. Reid, A.D. Wittkopf, and A. Boulton. Reduction of systems of nonlinear partial differential equations to simplified involutive forms. Eur. J. Appl. Math., 7:635–666, 1996.

[149] M. Renardy and R.C. Rogers. An Introduction to Partial Differential Equations. Texts in Applied Mathematics 13. Springer-Verlag, New York, 1993.

[150] C. Riquier. Les Systèmes d’Équations aux Derivées Partielles.

Gauthier-Villars, Paris, 1910.

[151] J.F. Ritt. Differential Algebra. Dover, New York, 1966. (Original:

AMS Colloquium Publications, Vol. XXXIII, 1950).

[152] L. Robbiano. Introduction to the theory of Hilbert functions. Queen’s Papers Pure Appl. Math., 85:B1–B26, 1990. Queen’s Curves Seminar Vol. VII.

[153] C. Rogers and W.F. Shadwick. Bäcklund Transformations and Their Applications. Mathematics in Science and Engineering 161. Academic Press, New York, 1982.

[154] M. Saito, B. Sturmfels, and N. Takayama. Gröbner Deformations of Hypergeometric Differential Equations. Algorithms and Computation in Mathematics 6. Springer-Verlag, Berlin, 2000.

[155] D.J. Saunders. The Geometry of Jet Bundles. London Mathematical Society Lecture Notes Series 142. Cambridge University Press, Cambridge, 1989.

[156] F.O. Schreyer. Die Berechnung von Syzygien mit dem verallgemeinerten Weyerstraßschen Divisionssatz. Master’s thesis, Fakultät für Mathematik, Universität Hamburg, 1980.

[157] J. Schü, W.M. Seiler, and J. Calmet. Algorithmic methods for Lie pseudogroups. In N. Ibragimov, M. Torrisi, and A. Valenti, editors, Proc. Modern Group Analysis: Advanced Analytical and Computational Methods in Mathematical Physics, pages 337–344. Kluwer, Dordrecht, 1993.

[158] B.F. Schutz. On the strength of a system of partial differential equations. J. Math. Phys., 16:855–856, 1975.

[159] W.M. Seiler. Analysis and Application of the Formal Theory of Partial Differential Equations. PhD thesis, School of Physics and Materials, Lancaster University, 1994.

[160] W.M. Seiler. On the arbitrariness of the general solution of an involutive partial differential equation. J. Math. Phys., 35:486–498, 1994.

[161] W.M. Seiler. Applying axiom to partial differential equations. Internal Report 95–17, Universität Karlsruhe, Fakultät für Informatik, 1995.

[162] W.M. Seiler. Arbitrariness of the general solution and symmetries.

Acta Appl. Math., 41:311–322, 1995.

[163] W.M. Seiler. Indices and solvability for general systems of differential equations. In V.G. Ghanza, E.W. Mayr, and E.V. Vorozhtsov, editors, Computer Algebra in Scientific Computing — CASC 1999, pages 365–385. Springer-Verlag, Berlin, 1999.

[164] W.M. Seiler. Involution and constrained dynamics III: Intrinsic degrees of freedom count. Tech. Mech., 20:137–146, 2000.

[165] W.M. Seiler. Completion to involution and semi-discretisations. Appl.

Num. Math., to appear, 2001.

[166] M. Shinbrot and R.R Welland. The Cauchy-Kowalewskaya theorem.

J. Math. Anal. Appl., 55:757–772, 1976.

[167] S.T.C. Siklos. Counting solutions of Einstein’s equations. Class.

Quant. Grav., 13:1931–1948, 1996.

[168] N.J.A. Sloane and S. Plouffe. The Encyclopedia of Integer Sequences.

Academic Press, San Diego, 1995.

[169] R.P. Stanley. Hilbert functions of graded algebras. Adv. Math., 28:

57–83, 1978.

[170] R.P. Stanley. Linear diophantine equations and local cohomology. Invent. Math., 68:175–193, 1982.

[171] O. Stormark. Lie’s Structural Approach to PDE Systems. Encyclopedia of Mathematics and its Applications 80. Cambridge University Press, Cambridge, 2000.

[172] B. Sturmfels. Algorithms in Invariant Theory. Texts and Monographs in Symbolic Computation. Springer-Verlag, Wien, 1993.

[173] B. Sturmfels and N. White. Computing combinatorial decompositions of rings. Combinatorica, 11:275–293, 1991.

[174] M. Sué. Involutive systems of differential equations: Einstein’s strength versus Cartan’s degré d’arbitraire. J. Math. Phys., 32:392–399, 1991.

[175] A. Szatkowski. Geometric characterization of singular differential algebraic equations. Int. J. Sys. Sci., 23:167–186, 1992.

[176] M.E. Taylor. Partial Differential Equations. Texts in Applied Mathematics 23. Springer-Verlag, New York, 1996.

[177] J.M. Thomas. Differential Systems. AMS, New York, 1937. [178] V.L. Topunov. Reducing systems of linear differential equations to a passive form. Acta Appl. Math., 16:191–206, 1989.

[179] C. Traverso. Hilbert functions and the Buchberger algorithm. J. Symb.

Comput, 22:355–376, 1996.

[180] A. Tresse. Sur les invariants différentiels des groupes continus de transformations. Acta Math., 18:1–88, 1894.

[181] T. Tsujishita. Formal geometry of systems of differential equations.

Sugaku Exp., 3:25–73, 1990.

[182] J. Tuomela. On singular points of quasilinear differential and differential-algebraic equations. BIT, 37:968–977, 1997.

[183] J. Tuomela and T. Arponen. On the numerical solution of involutive ordinary differential systems. IMA J. Num. Anal., 20:561–599, 2000.

[184] J. Tuomela and T. Arponen. On the numerical solution of involutive ordinary differential systems: Higher order methods. BIT, 41:599–628, 2001.

[185] V.S. Varadarajan. Lie Groups, Lie Algebras, and Their Representations. Graduate Texts in Mathematics 102. Springer-Verlag, New York, 1984.

[186] W.V. Vasconcelos. Computational Methods in Commutative Algebra and Algebraic Geometry. Algorithms and Computations in Mathematics 2. Springer-Verlag, Berlin, 1997.

[187] P.J. Vassiliou. Vessiot structure for manifolds of (p, q)-hyperbolic type:

Darboux integrability and symmetry. Trans. Amer. Math. Soc., 353: 1705–1739, 2001.

[188] F. Verhulst. Nonlinear Differential Equations and Dynamical Systems. Springer-Verlag, Berlin, 2^{nd} edition, 1996.

[189] E. Vessiot. Sur une théorie nouvelle des problèmes généraux d’intégration. Bull. Soc. Math. Fr., 52:336–395, 1924.

[190] W. Walter. An elementary proof of the Cauchy-Kowalevsky theorem.

Amer. Math. Monthly, 92:115–126, 1985.

[191] F. Warner. Foundations of Differentiable Manifolds and Lie Groups. Scott, Foreman, Glenview, London, 1971.

[192] E. von Weber. Partielle Differentialgleichungen. In Enzyklopädie der mathematischen Wissenschaften, Vol. II, Part 1.1, chapter A5, pages 294–399. Teubner, Leipzig, 1900.

[193] F. Winkler. Knuth-Bendix procedure and Buchberger algorithm — a synthesis. In G.H. Gonnet, editor, Proc. ISSAC ’89, pages 55–67. ACM Press, New York, 1989.

[194] E. Zerz. Topics in Multidimensional Linear Systems Theory. Lecture Notes in Control and Information Sciences 256. Springer-Verlag, London, 2000.

[195] A.Yu. Zharkov and Yu.A. Blinkov. Involution approach to solving systems of algebraic equations. In G. Jacob, N.E. Oussous, and S. Steinberg, editors, Proc. Int. IMACS Symp. Symbolic Computation, pages 11–17, Lille, 1993.

292 References

Author Index

Ablowitz, M.J., 129 Abraham, R., 265 Adams, W.W., 243, 259, 261 Alekseevskij, D.V., 35 Ampère, A.M., 136 Apel, J., 81, 226–228 Arnold, V.I., 30 Arponen, T., 170, 228 Ascher, U.M., 141

Bäcklund, A.V., 129 Baclawski, K., 80 Bayer, D., 78, 84, 259 Becker, Th., 69, 243, 248 Belanger, J., 173 Bendix, P.B., 256 Bernstein, I.N., 34 Billera, L.J., 80 Björk, J.E., 50 Blinkov, Yu.A., 81, 82, 183, 185, 198, 225–227 Bluman, G.W., 136, 211, 228 Boothby, W.M., 265 Boulier, F., 228 Boulton, A., 228 Brandt, F., 129 Brenan, K.E., 141, 211 Bronstein, M., 47 Bryant, R.L., 113 Buchberger, B., 255 Burman, R., 137

Calmet, J., 227 Campbell, S.L., 141, 211–213, 215, 229 Carathéodory, C., 96, 98 Cartan, E., 113, 128, 136 Cauchy, A., 170

Chern, S.S., 113 Chin, H., 141 Chrastina, J., 35 Coutinho, S.C., 50 Cox, D., 81, 240, 243 Cushman, R., 80

Dubois-Violette, M., 113

Ehresmann, C., 33 Eichler-Liebenow, C., 229 Einstein, A., 128, 134, 136, 137 Eisenbud, D., 76, 78, 84, 243 Eliahou, S., 76, 83 Engel, F., 22

Fesser, D., 225 Finzi, A., 99 Forsyth, A.R., 118, 119, 136

Gardner, R.B., 113 Garsia, A.M., 80 Gatermann, K., 80 Gear, C.W., 212, 215, 229 Gerdt, V.P., 81, 82, 183, 185, 198, 225–227 Giovani, A., 258 Goldschmidt, H.L., 113 Golubitsky, M., 33, 34, 268 Gotay, M.J., 34 Goto, S., 78, 84 Goursat, E., 170 Gröbner, W., 69 Graham, R.L., 239, 240 Griffiths, P.A., 113 Guillemin, V., 33, 34, 268

Hadamard, J., 147 Hairer, E., 141, 211, 213, 214 Hartley, D.H., 83 Hausdorf, M., 82, 83, 173, 226, 227, 229 Hereman, W., 228 Hermann, R., 120, 136 Hilbert, D., 249 Hoenselaers, C., 137 Holmgren, E., 171 Hubert, E., 136 Hyman, J.M., 229

Isenberg, J., 34

Janet, M., 80, 81 John, F., 145, 170, 171 Johnson, H.H., 5

Kähler, E., 113 Kandry-Rody, A., 44, 46, 49, 81 Kaplansky, I., 228 Kervaire, M., 76, 83 Knuth, D.E., 239, 240, 256 Kobayashi, S., 265 Kolchin, E.R., 226, 228 Kondratieva, M.V., 123 Kowalevsky, S., 145, 146, 170 Krasilshik, I.S., 35 Kredel, H., 69 Kreiss, H.-O., 167 Kreuzer, M., 243 Kumei, S., 136, 211, 228 Kunkel, P., 213

Lang, S., 111, 265 Lazard, D., 228 Levin, A.B., 123 Lewy, H., 145 Le Vey, G., 228 Lie, S., 22 Little, J., 81, 240, 243 Lorenz, J., 167 Loustaunau, P., 243, 259, 261 Lubich, C., 213, 214 Lucht, W., 229 Lychagin, V.V., 35

Méray, C., 80

Macaulay, F.S., 255 Mall, D., 83 Mansfield, E.L., 113, 228 Mariwalla, K.H., 124, 137 Marmo, G., 225 Marsden, J.E., 34, 265 Marszalek, W., 213, 215, 229 Matthews, N.F.J., 137 Mayer, A., 98 Mayr, E.W., 258, 259 Mehrmann, V., 213 Mendella, G., 225 Meyer, A.R., 259 Mikhalev, A.V., 123 Mishra, B., 226 Mizohata, S., 146 Modugno, M., 34 Mora, T., 258 Mumford, D., 84, 259 Murphy, G.L., 137 Muñoz-Lecanda, M.C., 225

Niesi, G., 258 Nomizu, K., 265

O’Shea, D., 81, 240, 243 Oberst, U., 115 Ollivier, F., 228 Olver, P.J., 22, 33, 99, 114, 136, 211, 228, 265 Ore, O., 47 Osborne, M.S., 110

Palais, R.S., 34 Palamodov, V.P., 115 Pankratiev, E.V., 123 Patashnik, O., 239, 240 Pazy, A., 155, 219 Penney, R., 137 Petitot, M., 228 Petkovšek, M., 47 Petzold, L.R., 141, 211 Piirilä, O.-P., 228 Pirani, F.A.E., 128 Plouffe, S., 242 Polderman, J.W., 115 Pommaret, J.F., 82, 112–115, 155

Quadrat, A., 115

Rabier, P.J., 142, 213, 225 Ratiu, T., 265 Rees, D., 80 Reich, S., 141, 213, 225 Reid, G.J., 80, 150, 228 Renardy, M., 118, 155, 170, 171, 219, 234 Rheinboldt, W.C., 142, 213, 225 Riquier, C., 80 Ritt, J.F., 136, 226, 228 Robbiano, L., 243, 249, 258 Robinson, D.C., 128 Roche, M., 213, 214 Rogers, C., 128 Rogers, R.C., 118, 155, 170, 171, 219, 234 Román-Roy, N., 225 Rosenfeld, B.I., 34

Saito, M., 50 Saller, D., 225 Sanders, J.A., 80 Saunders, D.J., 33 Schü, J., 227 Schreyer, F.O., 261 Schutz, B.F., 137 Segur, H., 129 Seiler, W.M., 82, 83, 100, 127, 128, 136, 137, 171, 173, 225–227, 229 Shadwick, W.F., 128 Shashkov, M., 229 Shinbrot, M., 170 Siklos, S.T.C., 137 Sloane, N.J.A., 242 Stanley, R.P., 80 Steinwandt, R., 82 Stillman, M., 78, 84

Stormark, O., 113, 170 Strehmel, K., 229 Sturmfels, B., 50, 80, 83, 190 Sué, M., 137 Szatkowski, A., 213, 225

Takayama, N., 50 Taylor, M.E., 164 Thomas, J.M., 80 Topunov, V.L., 228 Traverso, C., 227, 258 Tresse, A., 80 Tsujishita, T., 35 Tucker, R.W., 83 Tulczyjew, W.M., 225 Tuomela, J., 170, 228

Varadarajan, V.S., 49 Vasconcelos, W.V., 65 Vassiliou, P.J., 170 Verhulst, F., 216 Vessiot, E., 113, 170 Vinogradov, A.M., 35

Walter, W., 171 Wanner, G., 141, 211 Warner, F., 265 Weber, E. von, XIII Weispfenning, V., 44, 46, 49, 69, 81, 243, 248 Welland, R.R, 170 White, N., 80, 83, 190 Willems, J.C., 115 Winkler, F., 256 Wittkopf, A.D., 228

Yanovich, D.A., 227

Zerz, E., 115 Zharkov, A.Yu., 82, 225

296 Author Index

Glossary

j_{L,N} , 39 [_k r ] , 125 ⟨F⟩, 252 ⟨F⟩_{L,≺}, 51 ⟨N⟩_L, 41 ≺_F, 261 ≺_{deglex}, 251 ≺_{degrevlex}, 251 ≺_{invlex}, 251 ≺_{lex}, 251 ≺_{revlex}, 251

α^{(k)}_q , 121

β^{(k)}_q , 87

C_{L,N}(ν), 39 C_{M,r}(x), 233 Cq, 5 C^0_q, 4 cls μ, 232 codim N, 268 coker β, 111 C^ω(Ω), 233

D, 46 dω, 275 Δ≺(I), 149

eα, 259 E_b, 269 E ×_B F, 271

Ext^i_D(M, D)., 115

F(M), 266 f ⋆ g, 44

Γ_{loc}(E), 270 Γq, 9, 12

H_M(λ), 249 H_M(r), 249 h_M(r), 249 Hom, 109

I : g, 79 I^h, 250 ι_Xω, 275

j_1σ, 8 JqE, 7, 10 Jq(X, U), 3

lc≺f, 252 ld f, 199 le≺f, 252 lm≺f, 252 lt≺f, 252 lt≺I, 252 L_Xω, 277

M_{≥q}, 248 Mq(ρ), 24 Mq, 23

NF_{F,≺}(g), 253 N_{L,N}(ν), 39 N̄_{L,N}(ν), 40 N^n_N, 39 N^∗_pN, 276 ν_ℓ, 220 ν_d, 212 ν̃_d, 216 ν_i, 213

298 Glossary

ν̃_i, 216 νp, 214

P, 44 P+, 263 (P, ⋆, ≺), 44 P_i, 248 proj dim M, 263 Π≺(I), 149 π^r, 3 π^r_q, 3

reg I, 78 Rq, 13 ρrΦ, 12 S≺(f, g), 256 S≺(f, g), 260 supp f, 251 Syz(F), 260

Tf, 267 TM, 267 T^∗M, 268 T, 251 Tm, 259 τχ, 27 θq, 9, 13

VE, 271

Ω^k(M), 274 X_{L,F,≺}(f), 50 X(M), 272

Index

absolutely compatible, 135 adapted coordinates, 269 adjoint, 115, 161 affine – bundle, 6, 7, 22, 270 – Hilbert function, 250, 255 affine bundle, 10 algebra, 247 – of solvable type, 44–50, 81–82 analytic, see real-analytic annihilator, 99, 273 atlas, 266 Auslander–Buchsbaum formula, 76 autonomous system, 174 axiom of choice, 248

Bäcklund transformation, 128 base space, 4, 128, 269 basis – ideal, 252 – module, 246 behaviour, 115 Betti number, 76, 84, 263 Buchberger – algorithm, 46, 189, 227, 256 – first criterion, 227, 258 – second criterion, 73, 227, 258, 262

Cartan – character, 121–124, 133, 134, 136–137, 235, 236 – genus, 127 – magic formula, 277 – normal form, 94, 151, 153, 218 Cartan–Kähler – Theorem, 152–160, 164 – Theory, 113

Cartan–Kuranishi – completion, 179–183, 226–227 – Theorem, 179 Castelnuovo–Mumford regularity, 78–80, 84 Cauchy’s estimate, 233 Cauchy–Kovalevskaya – form, 29, 104, 130 – Theorem, 143–147, 150, 162, 170 chain rule, 6–8, 12, 28, 268 characteristic, 27–28 – initial value problem, 150 – one-form, 27, 105 – surface, 28, 82, 144, 161 – system, 99 – variety, 27, 99 class, 62, 68, 70, 71, 87, 108, 121, 122, 232, 235, 251 – respecting term order, 60, 86, 89, 108, 194, 252, 260 Clifford algebra, 48 closed form, 276 codimension, 268 codistribution, 273 Cohen–Macaulay module, 71, 151, 159, 249 coherent autoreduced set, 226 cokernel, 108 combinatorial decomposition, 64–72, 80–81 compatibility – coefficient, 135 – condition, 26, 106–115, 166, 168, 169 – index, 137 complementary – contact map, 9, 13

– set, 65, 148–150 complete system, 98 cone, 38 connection, 9, 10, 14, 21, 271–273 conormal space, 28, 276 constraint, 175 – manifold, 175 constructive division, 185–188, 225 contact – codistribution, 4, 35 – distribution, 5, 35, 142 – field, 9 – form, 4, 7, 9, 10, 35 – map, 9, 12 – structure, 4, 9 continuity equation, 30, 170 continuous division, 77, 184–185, 188, 192, 225 contracted Bianchi identity, 33, 103 controllability, 115 coordinate chart, 265 cotangent bundle, 34, 268–269

D-module, 50 de Rham – cohomology, 276 – complex, 107 degree – compatible term order, 49, 51, 171, 191, 197, 251, 255, 258 – inverse lexicographic order, 51 – lexicographic order, 51, 251 – of a basis, 57, 69, 71, 79 – reverse lexicographic order, 62, 70, 71, 79, 86, 199, 251, 252, 260 depth, 62–64, 70, 76, 151, 247, 249 derivation, 275 derivative array, 212 descriptor form, 175 determinacy index, 212–213, 216–218 determining system, 211, 228 Dickson’s Lemma, 46, 245, 257 diffeomorphism, 268 difference operator, 47 differentiable structure, 266 differential

– algebraic equation, 175, 211–225, 228–229 – equation, 13–18 – – of finite type, 14, 21, 24, 129, 151, 213 – field, 46 – form, 107, 273–277 – operator, 13, 106 – relation, 128–131, 136 – variety, 35 dimension, 3, 65, 69, 127, 206, 249, 250 distribution, 273 division algorithm, 54, 254, 261 drift, 141, 169 dual, 109 δ-regular, 56–64, 82–83, 86, 87, 90, 101–103, 114, 180, 195, 196, 205, 208, 221, 236 δ-sequence, 113

Einstein equations, 32–33, 89–90, 94, 102–103, 112–113, 137 elementary symmetric polynomial, 240 elliptic, 148, 167, 169 equivalent, 151, 181 Euler equations, 30 exact – form, 276 – sequence, 106, 107, 262 extension module, 115 exterior – algebra, 274 – derivative, 31, 35, 107, 273, 275

fibre, 269 – bundle, 270 – dimension, 4, 269 fibred – manifold, 3, 7, 14, 128, 269–272 – morphism, 132, 271 – product, 271 – submanifold, 13, 14, 270 field, 245 – strength, 31, 130 finitely generated, 244, 246 flat connection, 22, 273 formal

– derivative, 5, 12, 15, 24, 35, 98 – integrability, 19–22, 93, 94, 144, 157, 179 – Poincaré Lemma, 114 – power series, 34, 147 – – solution, 19–20, 25, 34, 87, 107, 130, 143, 144, 146, 170 – solution space, 34, 117, 134, 137 – well-posedness, 146–151 free – module, 246, 259–260 – resolution, 75–78, 83–84, 107, 108, 262–263 Frobenius Theorem, 22, 96, 273, 274

gauge – correction, 132–137 – fixing, 106, 134, 136 – symmetry, 103, 131–134, 136, 238 general solution, 118–121, 136 generating set, 73, 244, 246 geometric symbol, see symbol globally defined division, 41, 68, 186 Gröbner basis, 45, 84, 228, 251–261 graded – algebra, 64, 274 – module, 248–250 – ring, 248 – submodule, 248 Gronwall Lemma, 216 group, 244

Hausdorff space, 266 heat equation, 146, 211 Heisenberg algebra, 50 Hessian, 11 Hilbert – Basis Theorem, 46, 248, 252 – driven Buchberger algorithm, 227 – function, 123–124, 129–135, 227, 248–250, 255 – polynomial, 81, 123, 135, 239, 249–250 – series, 64, 249 – Syzygy Theorem, 75, 84, 263 Hironaka criterion, 71 Holmgren Theorem, 160–164, 171

Hom, 109–111 homogeneous, 56, 62, 64, 69, 71, 79, 248 horizontal – bundle, 9, 271 – distribution, 22 – lift, 9, 13, 272 – projector, 271 hyperbolic, 29, 167

ideal, 18, 34, 248, 249, 252 – membership problem, 228, 255 identity, 26, 99 ill-posed, 215 immersion, 268 implicit equation, 175 Implicit Function Theorem, 163, 269 independent set, 69 index – of differential algebraic equation, 211–225, 228–229 – of generality, 128, 135 – of symbol, 87–88, 90, 100, 209 indexed row, 199 initial – level, 199 – value problem, 126, 127, 140–170, 214 integrability condition, 16, 17, 26, 51, 99, 224 integrable – codistribution, 274 – distribution, 22, 273 integral manifold, 22, 273, 274 interior derivative, 275 invariant manifold, 141, 177 inverse lexicographic order, 251 involution index, 213, 216, 220 involutive, 53, 80, 101, 113 – basis, 50–56, 82, 149, 191 – codistribution, 35, 273 – completion, 41, 187–198 – cone, 39, 52, 54 – differential equation, 93–99, 109, 121, 123, 151, 153, 157, 178, 179, 213, 235, 236 – distribution, 22, 35, 98, 170, 273 – division, 38–44, 81, 183–187, 226

– normal form, 51–53, 190 – set, 41 – size, 58, 86, 87 – span, 41, 51, 72 – symbol, 86–94, 114, 122, 151, 205 involutively – autoreduced, 42, 51, 59 – head autoreduced, 52–56, 72, 190, 192 – head reducible, 52, 190 – reducible, 51

Jacobi – bracket, 98 – identity, 32, 98, 102, 248 Jacobian, 7, 8, 11, 175, 267 – system, 98 Janet – basis, 53, 63, 66–68, 80, 153, 189 – division, 40, 43, 52, 59–62, 185, 186 – sequence, 106–115 Janet–Riquier Theory, 80, 171, 225, 228 jet, 3 – bundle, 2–13, 33–34 – – dimension, 3 – – first order, 7 – – higher order, 10 – – infinite order, 34–35

Kolchin–Ritt algorithm, 226 Koszul complex, 83 Krull dimension, see dimension

Laplace equation, 147 leader, 87–91 leading – coefficient, 252 – derivative, 199 – exponent, 44, 50, 54, 252 – ideal, 54, 149, 252, 253, 255 – monomial, 252 – term, 44, 252 least common multiple, 260 Leibniz rule, 45, 47, 272, 275 level, 68, 199 lexicographic order, 49, 185, 191, 197, 251, 252, 258

Lie – algebra, 31, 48–49, 247, 272 – bracket, 22, 97, 272 – derivative, 113, 277 – pseudogroup, 131, 239 – symmetry, 211, 228 linear – differential – – equation, 13, 160–164, 179, 198–211 – – operator, 46, 106, 148, 272 linearisation, 267 local trivialisation, 270 locally – geodesic coordinates, 33, 89, 102 – involutive, 63, 79, 94, 183–185, 188, 191–193 locally involutive, 87 Lorentz gauge, 105, 134

majorisation, 144, 234 manifold, 265–269 maximally overdetermined, see differential equation of finite type Maxwell equations, 29–30, 32, 90–91, 110, 112, 126, 130, 133, 137, 155, 165, 170 meromorphic, 245 method of characteristics, 98 mimetic discretisation, 229 minimal – basis, 189, 256 – Gröbner basis, 256 – involutive basis, 189–190, 197–198 – resolution, 76, 77, 263 modified Stirling number, 123, 239–242 module, 245–247 – homomorphism, 107, 246 monic, 73, 197 monoid, 244 – ideal, 39, 244 – module, 244, 259 monomial, 251 – basis, 190, 256 – ideal, 190, 250, 256 M-regular, 62–64, 70, 152, 247 multi index, 38, 231–232 multiplicative

– index, 39, 59, 66 – variable, 50, 64, 72, 80, 88, 199 multiplicity, 65, 128, 249

Navier–Stokes equations, 30–31, 110, 226 Noether identity, 31, 33 Noetherian, 180, 257 – division, 43, 194 – monoid, 66, 244 – ring, 46, 248 non-autonomous system, 177, 225 non-characteristic, 143 non-multiplicative – index, 40, 186 – variable, 70, 72, 73, 91, 99, 166, 191, 199 normal – differential equation, 103–106, 127, 143, 151, 218 – form, 45, 253–256 – selection strategy, 191, 258 numerical function, 249

obstruction to involution, 41, 51, 55, 89, 157, 158, 184, 188, 209, 221–224 order, see term order – respecting multiplication, 45, 193 Ore algebra, 47–48 overdetermined, 103–106, 114, 228

parametric – coefficient, 20, 130, 135, 144 – derivative, 80, 121, 147, 148 parametrisation, 109–113, 115 partial differential algebraic equations, 212 passive, 80 perturbation index, 213–219 perturbed – determinacy index, 216–219 – involution index, 216 phantom – level, 199 – row, 199 Poincaré – Lemma, 107, 276

– series, 249 Poincaré–Birkhoff–Witt Theorem, 49 Poincaré–Steklov problem, 110 Pommaret – basis, 56–64, 68–72, 74–80, 86, 150, 153, 180, 194, 226 – division, 41, 43, 57–62, 68, 185, 186, 199 POT order, 259 power series, 233 presentation by generators and relations, 247, 262 principal – coefficient, 20, 144 – derivative, 80, 87, 121, 148 – symbol, 26–28, 100–106 projection, 269 – between jet bundles, 3 – cotangent bundle, 268 – of differential equation, 15, 17 – tangent bundle, 267 projective – dimension, 76, 263 – Hilbert function, 249 prolongation – of differential equation, 14, 16, 26, 203 – of map, 4, 12 – of section, 8 – of skeleton, 200–204 – of symbol, 24–25, 122 pseudo-derivation, 47 pseudo-reduction, 226 pull-back, 4, 8, 271, 274, 276

q-regular, 78–80 quasi-linear, 6, 226, 236 quasi-linearisation, 143, 236–237 quasi-regular basis, 114, 136

rank, 268 – vector, 206, 209 real-analytic, 143–145, 153, 232 recurrence operator, 47 reduced Gröbner basis, 256 reducible, 253 reduction

– to first order, 94, 122, 127, 160, 235–236 – to one dependent variable, 237–239 Rees decomposition, 68, 71 regular – differential equation, 16, 141, 179, 226 – value, 276 remainder, 254 repeated index, 7, 232 reverse lexicographic order, 84, 251 Ricci tensor, 32 ring, 245 Riquier’s Theorem, 171 row, 198

S-polynomial, 256, 260 Schreyer Theorem, 73, 84, 262 section, 7–9, 18, 270, 272, 273 semi-discretisation, 220–225, 229 semi-explicit equation, 140, 175 semi-linear, 27 semigroup, 244 sine-Gordon equation, 129 singular solution, 20, 118 skeleton, 109, 199–204, 209 solution, 18 span, 39 Spencer cohomology, 84, 113–114, 136 stable – module, 76–78, 83 – set, 76, 89 standard – basis, 253, 259 – representation, 51, 54, 55, 57, 70, 196, 255 Stanley decomposition, 64, 150, 226 state space form, 175 Stirling number, see modified Stirling number strangeness index, 213 strength, 134–137 strongly – hyperbolic, 167, 169 – independent set, 69 – involutive, see involutive structure constant, 49 submanifold, 268 submersion, 268, 269 summation convention, 5 support, 252 symbol, 22–26, 119, 122, 205, 209, 236 – map, 23, 27 – matrix, 24 – module, 86, 151–152, 159–160, 180 symmetric algebra, 86, 247 symmetriser, 167 symmetry, 132 systatic, 101 syzygy, 72–78, 83, 196, 260–262 – resolution, 263

tangent – bundle, 34, 174, 266–268, 270 – map, 8, 34, 267–268, 272, 274, 276 Taylor – series, see formal power series – Theorem, 2, 234 term, 245, 251 – order, 44, 149, 251, 259–260 – – of type ω, 196 TOP order, 259 torsion, 111 total – derivative, see formal derivative – space, 269 transition function, 265 transversal, 162, 268 triangulation, 200–204 truncated involutive cone, 199 truncation, 56, 69, 78, 248 typical fibre, 270

underdetermined, 103–106, 114, 125, 135, 140, 142, 213 underlying – equation, 212, 217–219 – vector field, 176 universal enveloping algebra, 49, 81

variety, 250 vector – bundle, 13, 106, 270

– field, 5, 9, 21, 97, 110, 113, 142, 174, 272–273 – potential, 31, 112, 130 vertical – bundle, 7, 23, 271 – projector, 9, 13, 272 Vessiot theory, 170

wave equation, 120, 150 weak invariant, 140, 155 weakly – involutive, 41, 43, 53, 56, 57, 60, 82, 151

– overdetermined, 165–171 wedge product, 274 Weierstraß Approximation Theorem, 162 well-determined, 103–106 well-order, 82, 190, 251, 253 Weyl algebra, 49–50

Yang–Mills equations, 31–32, 101–103, 112, 130–134

Zariski closed, 58, 195