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Abstract. By extending the idea of a difference operator with a fixed
step to a varying-step difference operator, we establish a difference
Nevanlinna theory for meromorphic functions with steps tending to
zero (vanishing period) and a difference Nevanlinna theory for finite-
order meromorphic functions with steps tending to infinity (infinite
period). We can recover the classical little Picard theorem from the
vanishing period theory, but we require additional finite-order growth
restriction for meromorphic functions from the infinite period theory.
Then we give some applications of our theories to exhibit connections
between discrete equations and and their continuous analogues.

1. Introduction

Halburd and Korhonen [9] established a new Picard-type theorem and Picard val-
ues with respect to difference operator �f (z) = f (z + 1) − f (z) for finite-order
meromorphic functions defined on C versus the classical Picard theorem and Pi-
card values. More specifically, their theory allows them to show that if there are
three points aj , j = 1,2,3, in Ĉ such that each preimage f −1(aj ) is an infinite se-
quence consisting of points lying on a straight line on which any two consecutive
points differ by a fixed difference c (but is otherwise arbitrary), then the function
must be a periodic function with period c. This result can be considered as a dis-
crete version of the classical little Picard theorem for finite-order meromorphic
functions. A crucial tool of their theory, which follows from their difference-type
Nevanlinna theory for finite-order meromorphic functions, is the difference loga-
rithmic derivative lemma [8] (see also [3]), that is,
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where c is a fixed nonzero constant. Instead of a fixed c, we define g(z, c) :=
f (z + c), where (z, c) ∈ C

2. Then f (z + c) is a meromorphic function in C
2.
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