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and obtain other key ingredients for carrying on the method
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whole space. We believe that the methods developed here

- 7"”’PV/ — u\(f )_lp;;[ﬂ: ) —uWl
J

* Corresponding author at: School of Mathematical Sciences and Institute of Natural Sciences, Shanghai
Jiao Tong University, 200240, China.
E-mail addresses: wchen@yu.edu (W. Chen), congming.li@sjtu.edu.cn, congmingli@gmail.com (C. Li).
L Partially supported by the Simons Foundation Collaboration Grant for Mathematicians 245486.
2 Partially supported by NSFC 11571233.

https://doi.org/10.1016/j.aim.2018.07.016
0001-8708/© 2018 Elsevier Inc. All rights reserved.


https://doi.org/10.1016/j.aim.2018.07.016
http://www.ScienceDirect.com/
http://www.elsevier.com/locate/aim
mailto:wchen@yu.edu
mailto:congming.li@sjtu.edu.cn
mailto:congmingli@gmail.com
https://doi.org/10.1016/j.aim.2018.07.016
http://crossmark.crossref.org/dialog/?doi=10.1016/j.aim.2018.07.016&domain=pdf

736 W. Chen, C. Li / Advances in Mathematics 335 (2018) 735-758

can be applied to a variety of problems involving nonlinear
nonlocal operators.
© 2018 Elsevier Inc. All rights reserved.

1. Introduction

In this paper, we consider nonlinear equations involving the fractional p-Laplacian

(=A)pu(x)) = f(z,u) (1)
with
R\ Be(z)
_ u(@) — u(y)P~?[u(z) — u(y)]
= Cn,spPV]R[ o — g dy,

where PV stands for the Cauchy principal value.
In order the integral to make sense, we require that

u€ChlN Ly,
with
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Interested readers may find the details in the proof of Lemma 5.2 in the Appendix.

In the special case when p = 2, (=A); becomes the well-known fractional Laplacian
(—A)®. The nonlocal nature of these operators make them difficult to study. To circum-
vent this, Caffarelli and Silvestre [2] introduced the extension method which turns the
nonlocal problem involving the fractional Laplacian into a local one in higher dimensions.
This method has been applied successfully to study equations involving the fractional
Laplacian, and a series of fruitful results have been obtained (see [1] [11] and the ref-
erences therein). One can also use the integral equations method, such as the method of
moving planes in integral forms and regularity lifting to investigate equations involving
the fractional Laplacian by first showing that they are equivalent to the corresponding
integral equations [9] [8] [4].

However, when working on the extended problems or the corresponding integral equa-
tions, sometimes one needs to impose extra conditions on the solutions, which would not
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