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Abstract. A matroid is a combinatorial structure that captures and gen-
eralizes the algebraic concept of linear independence under a broader and
more abstract framework. Matroid theory is closely related to many other
topics in discrete mathematics, such as graphs, matrices, codes, and pro-
jective geometries. In this work, we define cyclic matroids as matroids
over a ground set of size n whose automorphism group contains an n-cycle.
We study the properties of such matroids, with special focus on the min-
imum size of their basis sets. For this, we broadly employ two different
approaches: the multiple basis exchange property and an orbit-stabilizer
method developed by analyzing the action of the cyclic group of order n
on the set of bases. We further present some applications of our theory to
algebra and geometry, illustrating connections to cyclic projective planes,
cyclic codes, and k-normal elements.

References

[1] N. Alon, Y. Caro, I. Krasikov and Y. Roditty, Combinatorial recon-
struction problems, J. Combin. Theory Ser. B 47(2) (1989), 153–161.

[2] G. Berman, Finite projective plane geometries and difference sets,
Trans. Amer. Math. Soc. 74(3) (1953), 492–499.

[3] R. Bienert and B. Klopsch, Automorphism groups of cyclic codes, J.
Algebraic Combin. 31(1) (2010), 33–52.

[4] C.J. Colbourn, J.S. Provan and D. Vertigan, The complexity of com-
puting the Tutte polynomial on transversal matroids, Combinatorica
15(1) (1995), 1–10.

[5] E. Ehrhart, Sur les polyèdres rationnels homothétiques à n dimensions,
CR Acad. Sci. Paris 254 (1962), 616 pp.

Key words and phrases: Cyclic matroids, Cyclic codes, k-normal elements, number of
basis, cyclic projective planes
AMS (MOS) Subject Classifications: 05B35, 94B15

ICA
BULLETIN OF THE ICA
Article in press.

Received: 25 August 2023
Accepted: 12 August 2024 1



[6] O. Giménez, A. De Mier and M. Noy, On the number of bases of
bicircular matroids, Ann. Comb. 9(1) (2005), 35–45.

[7] O. Giménez and M. Noy, On the complexity of computing the Tutte
polynomial of bicircular matroids, Combin. Probab. Comput. 15(3)
(2006), 385–395.

[8] R. Graham and J. MacWilliams, On the number of information sym-
bols in difference-set cyclic codes, Bell System Tech. J. 45(7) (1966),
1057–1070.

[9] C. Greene, A multiple exchange property for bases, Proc. Amer. Math.
Soc. 39(1) (1973), 45–50.

[10] C. Greene, Weight enumeration and the geometry of linear codes, Stud-
ies in Appl. Math. 55(2) (1976), 119–128.

[11] H. Guo and M. Jerrum, Approximately counting bases of bicircular
matroids, Combin. Probab. Comput. 30(1) (2021), 124–135.

[12] M. Hall, Jr., Cyclic projective planes, Duke Math. J. 14(4) (1947),
1079–1090.

[13] J. Hirschfeld, Projective geometries over finite fields. Oxford mathe-
matical monographs, Oxford University Press New York, 1998.

[14] S. Huczynska, G.L. Mullen, D. Panario and D. Thomson, Existence
and properties of k-normal elements over finite fields, Finite Fields
Appl. 24 (2013), 170–183.

[15] W.C. Huffman and V. Pless, Fundamentals of error-correcting codes,
Cambridge University Press, 2010.

[16] L.C. Lomelí and D. Welsh, Randomized approximation of the number
of bases, Contemp. Math. 197 (1996), 371–376.

[17] V.B. Mnukhin, The k-orbit reconstruction and the orbit algebra, Acta
Appl. Math. 29(1-2) (1992), 83–117.

[18] J.G. Oxley, Matroid theory, Oxford University Press, USA, 2006.
[19] R. Pendavingh and J. Van Der Pol, On the number of bases of almost

all matroids, Combinatorica 38(4) (2018), 955–985.
[20] V. Pless, Cyclic projective planes and binary, extended cyclic self-dual

codes, J. Combin. Theory Ser. B 43(2) (1986), 331–333.
[21] A.J. Radcliffe and A.D. Scott, Reconstructing under group actions,

Graphs Combin. 22(3) (2006), 399–419.
[22] L. Reis, Existence results on k-normal elements over finite fields, Rev.

Mat. Iberoamericana 35(3) (2019), 805–822.

On cyclic matroids and their applications

2



[23] L.A. Rosati, Piani proiettivi desarguesiani non ciclici., Boll. Unione
Mat. Ital. 12(2) (1957), 230–240.

[24] J. Simon, The combinatorial k-deck, Graphs and Combin. 34(6) (2018),
1597–1618.

[25] M. Snook, Counting bases of representable matroids, Electron. J. Com-
bin. (2012), p. 41.

[26] S. Tinani and J. Rosenthal, Existence and cardinality of k-normal ele-
ments in finite fields, in Arithmetic of Finite Fields. 8th International
Workshop, WAIFI 2020, Rennes, France, Theoretical Computer
Science and General Issues, Springer International Publishing,
(2021), https://doi.org/10.1007/978-3-030-68869-1.

[27] J.H. Van Lint, Introduction to coding theory, Graduate Texts in
Mathematics, Springer, Berlin, Heidelberg, 1999.

[28] D.J. Welsh, Matroid theory, Dover books on mathematics, Dover
Publications Inc., 2010.

On cyclic matroids and their applications

3


