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1. Introduction

Let F, be a finite field of ¢ = p" elements, where p is a prime number, and n
is a positive integer. We denote by F; the multiplication group of F,. A polynomial
f € Fylx] is called a permutation polynomial (PP) if the associated polynomial mapping
f e f(e) from Fy to itself is a permutation over F, [14]. Permutation polynomials
over finite fields have important applications in cryptography, coding theory, and com-
binatorial design theory. In [12,13], Lidl and Mullen listed many open problems and one
of them is to find more permutation polynomials. Recently, permutation polynomials
have been studied extensively in the literature, see [1,3-5,7,8,10,11,15,19,24,25,27 29] for
example.

A polynomial f € F,[z] is called a complete permutation polynomial (CPP) if
both f(x) and f(x) + = are permutations over F,. CPPs are useful in the study
of orthogonal Latin squares. In [17], Niederreiter and Robinson gave a detailed
study of CPPs over F,. Dickson polynomials (see Section 2) are familiar examples
of PPs. In [16], Mullen and Niederreiter studied under what conditions a Dick-
son polynomial can be a CPP. Although there are some results on CPPs over F,
[10,20,23,26], still very few classes of CPPs are known, even for monomial func-
tions.

For a positive integer d and a € Fy, a monomial function az® is a CPP over F, if and
only if ged(d,q — 1) = 1 and az® + = is a PP over F,. We call such d a CPP exponent
over F,. In [2], Charpin and Kyureghyan proved that a~'z2"*+2 is a CPP over Fyur for
odd k and a € PFar, where § € Fo2\Fao. Very recently, Tu, Zeng, and Hu [21] gave
three classes of CPP exponents over Fon: (1) d = 228 +2F + 2 n = 3k, ged(k,3) = 1;
(2) d = 2K + 3, n =2k, k odd; and (3) d = 2¥~2(2% +3), n = 2k, k odd. Some further
results about CPPs can be found in [22,28].

In this paper, four more classes of monomial CPPs are studied:

(1) n=4k and d = 224::11 + 1, where ged(k,4) = 1.
(2) n=6kand d = 226::11 + 1, where ged(k,6) = 1.
(3) n=10k and d = 2;211_11 + 1, where ged(k,10) = 1.
(4) n=3k and d = 223;__11 + 1, where ged(k,9) = 3.

In investigating the permutation behavior of the first three classes of CPPs, Dickson
polynomials play an important role. The first three classes of CPP exponents are gen-

eralizations of two known results, namely, d = 222;:11 +1[2], and d = 2;;:11 +1
[21]. Note that for the exponent d = 223::11 + 1, the case of ged(k,3) = 1 has been

discussed in [21], and in this paper we proved that d is also a CPP exponent over
Fyse for ged(k,9) = 3. In addition, the inverses of these CPP exponents are also

given.
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